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Abstract

prion predictions at a genomic scale.

users can submit and analyze their own sequences.

characterization.

Background: Prions are a particular type of amyloids related to a large variety of important processes in cells, but
also responsible for serious diseases in mammals and humans. The number of experimentally characterized prions
is still low and corresponds to a handful of examples in microorganisms and mammals. Prion aggregation is
mediated by specific protein domains with a remarkable compositional bias towards glutamine/asparagine and
against charged residues and prolines. These compositional features have been used to predict new prion proteins
in the genomes of different organisms. Despite these efforts, there are only a few available data sources containing

Description: Here we present PrionScan, a new database of predicted prion-like domains in complete proteomes.
We have previously developed a predictive methodology to identify and score prionogenic stretches in protein
sequences. In the present work, we exploit this approach to scan all the protein sequences in public databases and
compile a repository containing relevant information of proteins bearing prion-like domains. The database is
updated regularly alongside UniprotkB and in its present version contains approximately 28000 predictions in
proteins from different functional categories in more than 3200 organisms from all the taxonomic subdivisions.
PrionScan can be used in two different ways: database query and analysis of protein sequences submitted by the
users. In the first mode, simple queries allow to retrieve a detailed description of the properties of a defined protein.
Queries can also be combined to generate more complex and specific searching patterns. In the second mode,

Conclusions: It is expected that this database would provide relevant insights on prion functions and regulation
from a genome-wide perspective, allowing researches performing cross-species prion biology studies. Our database
might also be useful for guiding experimentalists in the identification of new candidates for further experimental
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Background

Prions are a special type of amyloids, which can act as her-
itable elements in their aggregated state, constituting self-
replicating entities that can perpetuate and transmit over
generations. Prions are generally ubiquitous proteins with
specific functions when folded but, after their amyloid
conversion, they also perform important functions in cells,
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acting as epigenetic elements [1,2], evolutionary capacitors
[3/4] and bet-hedging devices [5,6] in the processes of
adaptation to environmental fluctuations in microorgan-
isms, and in mechanisms crucial to maintain long-term
physiological states in invertebrates [7-9]. Despite these
beneficial roles in cell physiology, prion formation is more
commonly thought to be associated with disease, due to
the growing number of serious and in some cases incur-
able pathologies caused by the deposition of prion fibrils,
comprising a diverse group of neurodegenerative disorders
in humans and mammals [10-16]. Notwithstanding their
important role in cell physiology and pathology, the num-
ber of prions known so far is scarce, and little is known
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regarding their implication in the regulation of cellular
processes from a genomic perspective. The main motiv-
ation for the construction of PrionScan is to disclose and
make available to the scientific community the most ex-
tensive set of putative prion-forming proteins, predicted
for all the proteins encoded in the genomes of all the or-
ganisms annotated in public databases.

The particular structural and primary sequence char-
acteristics of prion domains have been used to try to
predict the prionogenicity of proteins. Among amyloids,
prions stand out for their high content of the polar resi-
dues glutamine and asparagine, which lowers the success
rate of the traditional algorithms designed to identify
aggregation-prone amyloidogenic regions in protein se-
quences [17-20], since prion domains do not share the
sequential characteristics common to [-sheet-amyloid
forming regions [21]. Although the strong compositional
bias of prion domains towards glutamine and asparagine
has been used to make predictions at a genomic scale
[22,23], it has not been until recently that the increase in
the number of known prion sequences has allowed the
construction of more accurate predictive models. Based
on these compositional characteristics, prion-like se-
quences have been underscored at a genome scale in
yeast [24]. Other studies relying on the aggregation of
variants of the yeast prion Sup35p when expressed
in vivo have rendered compositional models successfully
used to score protein sequences on the basis of their
prionogenicity [25,26]. From the most extensive set of
experimentally tested prion and non prion sequences in
yeast [24] we have generated a probabilistic model of Q/
N-rich prionogenic regions that has been thoroughly
benchmarked to handle large sequence databases, yield-
ing a fairly good predictive performance [27], and used it
to predict prion-like proteins in all the complete pro-
teomes available in public databases.

Our methodology is based on the amino acid propen-
sities extracted from a set of 29 yeast protein sequences
for which there is strong experimental evidence of prion
formation in vivo and in vitro, and a set of 18 sequences
included in the same study that share similar compos-
itional characteristics with the other 29 prions, but
showed no prion behavior in the same experimental
tests under similar conditions [24]. Those sequences
were used to build the probabilistic model and bench-
mark it to assess the performance at rescuing real prions
from non-prions, with an area under the ROC plot for
the test of 0.90. We defined the length of a prion domain
to be 60 contiguous residues, and set up a sliding-window
algorithm to scan protein sequences from end-to-end. We
also set up an assay to evaluate the performance of our
model to handle large datasets of protein sequences, by
scanning three negative test sets of protein sequences
yielding recovery values of almost 90% of the true positives
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with precision values above 80%, and an evident inde-
pendence of the results from the number of negative
instances in the scanned datasets [27]. These fairly good
predictive results somehow validate the predictions
we obtained in the complete proteomes of organisms,
which uncovered a large set of proteins bearing domains
with high compositional similarities to bona fide prions.
The preliminary analysis performed using the large
amount of new data generated in this study, revealed
some interesting trends in the distribution of putative
prion proteins in functional families, related to different
biological processes and localized in specific cellular
components depending on the taxonomic subdivision
and the specific organism analyzed [27].

Given the need for predictive tools that can forecast
protein prionogenicity at a genomic scale to guide exper-
imentalists, and also to provide a global view of the rele-
vance of prions for the regulation of cellular processes,
we decided to build PrionScan, as an open source of up-
to-date prion predictions for all the proteins annotated
in public databases. The complete system is updated on
a four-weekly basis following the update of UniprotKB
[28], to include the predictions for the most recent
releases of sequences, either curated entries from Swissprot
or sequences automatically generated from massive se-
quencing programs in TrEMBL. The present version of
PrionScan includes detailed information for 27925 putative
prion proteins in 3236 organisms from almost all taxo-
nomic subdivisions. Aiming at providing the scientific
community with a highly functional site for the study of
prion biology, we designed a simple and flexible querying
system suitable for data mining by combining different
sorts of information included in our database to recover,
for instance, prion predictions in the complete genome of
an organism or for proteins belonging to a specific func-
tional family or related to a specific biological process. To
complete the functionality of our service, we also set up a
bundle to our statistical model that provides an easy way
of analyzing a large number of protein sequences not re-
ported in public databases, for example mutants of existing
proteins, de novo synthetic species or yet-to-annotate
sequences.

Construction and content

Data acquisition and database organization

Our main source of information is UniprotKB [28], the
standard and most complete repository of protein se-
quences freely available. Following each update of this
database once a month, we thoroughly scan all the en-
tries included both in Swissprot and TrEMBL in the
search for prion-like domains according to our method-
ology, as previously described elsewhere [27]. In parallel,
we also extract some relevant information from Uni-
protKB for those entries containing putative prion
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domains, and store it in our database. The data gener-
ated during the prediction process comprises the score
of the highest scoring window during the scan of a pro-
tein sequence, the sequence of the highest scoring do-
main, the localization of the highest scoring putative
prion-domain and the complete scanning profile of the
protein sequence, which are merged with the informa-
tion extracted from UniprotKB entries, including the
entry identifier and accession number, the organism and
taxon names, the protein names, the Gene Ontology
[29] GO Terms for the molecular functions, biological
processes and cellular components in which the protein
is related/located and finally, cross-references to other
databases with relevant information for the protein bear-
ing putative prion domains.

Database content

All this information is stored in a MySQL database en-
vironment, allowing linking of all the information at all
possible levels to enable the efficient querying of the
database for fine-grained data retrieval. A description of
the data in the present version of PrionScan, including
the predictions for the UniprotKB (update 2013_09) of
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September 2013, is shown in Figure 1. This pie chart de-
picts the distribution of the 27925 proteins with prion
domain predictions in the 3236 different organisms in
all taxa from archaea to human. A comparison of these
numbers with the predictions previously obtained in the
initial paper describing our method, in which we used
the UniprotKB (update 2012_02) from February 2012
[27], illustrates the increase in the number of predictions
between these two versions in just twenty months, total-
ing an increment of more than 61% from the approxi-
mately 17400 predictions obtained at that time.

Utility and discussion

PrionScan website

PrionScan is hosted in an Apache web server that relies
on a PHP bundle to connect the client query patterns
with the database and a set of ad hoc Perl scripts that
perform some functions such as the prediction of prion
domains in the client’s own sequences and the connec-
tion to our computer cluster for processing a large num-
ber of client sequences. The system processes the client
searches and data submission and generates dynamic
HTML pages designed to be completely functional in

-
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Figure 1 Distribution in all taxa of the predictions compiled in PrionScan. The pie chart depicts the distribution of prion predictions in all
different taxa, from archaea to humans. The number of predictions in each taxon is shown in parenthesis. The predictions in each taxon are
organized following the structure of UniprotKB [28] taxonomic subdivisions, in which the proteins in the taxa rodents, mammals and human are

® Human  Archaea (26)

& Viruses (226)

o~

Fungi (4821)




Espinosa Angarica et al. BMC Genomics 2014, 15:102
http://www.biomedcentral.com/1471-2164/15/102

the most used web browsers. The home page of Prion-
Scan contains a short introduction to our method and
the functionalities of the site to guide the users in a
glimpse, and the Submission Form organized in check-
boxes to easily select the different searching alternatives
(Simple or Complex Searches) and the two different
ways of submitting sequences to be analyzed with our
method (Sequence Analysis from text or file), please
see Figure 2, panel A. There is also a link in the leftmost
vertical menu to a page containing detailed help and
guidance on the methodology, the searchable fields of
the database and the output generated. Furthermore, in
order to facilitate the use of our site without the require-
ment of a full reading of the Help page, we also enabled
the auto completion utility in the Simple Search tab
and added hover help buttons for in-site help.

Querying the database
PrionScan is configured to be searched in two different
ways:

e Simple Searches: The easiest way for retrieving
information when the user wants to find out whether
a specific protein contains prion-like domains. In this
case it is possible to directly access the information of
a single protein providing its UniprotKB identifier or
principal accession number, as depicted in Figure 2,
panel A. This option is also the best alternative for
querying the database with information from one of
the searchable fields Taxon, Organism Name, Pro-
tein Name (Recommended Name, Alternative Name
and Submitted Name) and the Gene Ontology Terms
for Molecular Function, Biological Process and Cel-
lular Component. For example, it is possible to re-
trieve all the putative prion proteins in the genome of
an organism by providing the complete or partial or-
ganism name, please see Figure 3, panel A.

e Complex Searches: Sometimes, however, more
complex searches are needed, especially when the
user has more detailed information of the set
of proteins to be retrieved. In those cases the
search can be refined by combining multiple fields
from the database —i.e. Taxon, Organism Name,
Protein Name (Recommended Name, Alternative
Name and Submitted Name) and the Gene Ontology
Terms for Molecular Function, Biological Process
and Cellular Component. These fields can be
combined when needed, by introducing the search
terms in the rightmost tabs, and selecting the
appropriate field that should be considered in the
leftmost tabs. You can also choose the logical
operators combining the query instances. Using this
option, it is possible, for example, to retrieve all
the prion-like proteins having a similar Molecular
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Function or related to a specific Biological Process
in the genome of a specific organism, as depicted
in Figure 4, panel A.

The Output: After performing a search for a
specific protein using its UniprotKB identifier or
principal accession number, if the protein selected
has prion-like domains the output will be a De-
tailed Output Page including the UniprotKB iden-
tifier (ID) and principal accession number (AC), the
source (Source) of the protein (coming from Swis-
sprot or TrTEMBL), the organism name (Organism)
and taxon (Taxon), the names of the protein (rec-
ommended names: RecName and/or alternative
names: AltName and/or submission names: Sub-
name), the highest scoring prion domain in the se-
quence (PrD), the score of the highest scoring
prion domain (Score), the position in the protein
sequence of the highest scoring prion domain (Pos-
ition), a representation of the complete protein se-
quence with the highest scoring prion domain
highlighted in green (Sequence), and a graphical
representation of the scanning of the complete pro-
tein sequence (Plot), corresponding to a chart with
the score profile along the sequence, also showing
the score used for making the predictions (Figure 2,
panel B). In addition to these fields, the Detailed
Output Page might also include information re-
garding the Gene Ontology Terms associated to the
protein for the Molecular Function, Biological
Processes and/or Cellular Component and the
Cross-references to other databases like the EMBL,
Refseq, Pfam and so on, lower part of Figure 2,
panel B. However, if the search, either a Simple
Search or a Complex Search, retrieves more than
one entry, the output will be a General Output
Page with columns and rows that could contain dif-
ferent information depending on the search con-
ducted, with some columns enabled to be
dynamically ordered in ascending or decreasing
manner (Figures 3 and 4, panel B). Every row
shown in this General Output Page redirects to a
Detailed Output Page as described above. At the
bottom part of the General Output Page we in-
clude a short summary of the number of results re-
trieved by the query, which is also useful for
browsing forward and backwards to different pages
in the General Output Page by using the page
links, or just introducing the exact page in the ‘Go
to page’ box (lower part of Figures 3 and 4, panel B).
Independently of the type of query, it is possible
to download the results retrieved in the form of a
compressed file containing all the information dis-
played in the web version, which includes all the in-
formation of entries and the associate scanning



Espinosa Angarica et al. BMC Genomics 2014, 15:102
http://www.biomedcentral.com/1471-2164/15/102

Page 5 of 9

EMBL

RefSeq
Cross-references

KEGG

Pfam

Cellular Component

-
A Input type (%) « Simple Search Complex Search Sequence Analysis from text Sequence Analysis from file
Search (*) GPR1_YEAST] ?
NE n fal DNA b g, n leu:
Submit  Reset
B Download
ID GPR1_YEAST
AC Q12361
Source UniProtKB/Swiss-Prot
Organism Saccharomyces cerevisiae
Taxon fungi
RecNames G protein-coupled receptor GPR1
PD NNNNNDNDND NNNSNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNSNNIKN NVDNNNTNPA
Score 110.243
Position 500
MITEGFPPNL NALKGSSLLE KRVDSLRQLN TTTVNQLLGL PGMTSTFTAP QLLQLRIIAI
TASAVSLIAG CLGMFFLSXM DXRRXVFRHD LIAFLIICDF LKAFILMIYP MIILINNSVY
ATPAFFNTLG WFTAFAIEGA DMAIMIFAIH FAILIFXPNW KWRNXRSGNM EGGLYKXRSY
IWPITALVPA ILASLAFINY NXLNDDSDTT IILDNNNYNF PDSPRQGGYK PWSAWCYLPP
KPYWYXIVLS WGPRYFIIIF IFAVYLSIYI FITSESKRIK AQIGDFNHNV LEEEKEKKXL
FGLGHWGKAX WYFRSYFXLP LLHLLRNLXN FFTISFIDPN EETDDSGSSN
EIPTLFRKTN TGSDENVSAS GGVRLLDYNS AXPLDMSKYA MSEQPDLERN NPFDCENDIT
KEHXVTFSVE NEGLDTRKSS MLGHQTFSCQ NSLESPLAMY DNKNDNSDIT
Sequence NNNSNNDDDD NNNNNNNNNN NNNNNNNNNN
VI | DNIPTLSNEA FTPSQQFSQE RVNNNADRCE NSSFTNVQQH
X 3 RAIFIYPLSY IGIWLFPIIA DALQYNHEIK HGPTMWVTIYI
DTCVRPLSCL VDVIVYLFKE XPWNYSWAXT ESKYLIEKYI LKGELGEKEI LKFCHSNWGK
RGWYYRGKWX KRXCWXYSTN PLXRILWFVE RFFKQLFELK LHFSFYDNCD DFEYWENYYS
AXDSNDNKRT ESDETKTNSS DRSLPSNSLE LQAMLNNITA EEVEVPLEWR IIHHIPMLGG
I NRLL KIRYNNDHFS LPGLXFALNQ NXSHDXHQDV STNSMVKSSF FSSNIVTNDD
RYSDASASEN YLVKPTIPGT TPDPIIEAQN DNDSSDSSGI DLIAFLRNGP
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Figure 2 The Simple Search option for direct access to protein prion prediction information. A) The Simple Search option is used for
querying the database using the UniprotKB identifier of a given protein. B) The Detailed Output Page retrieved by the query for a protein with
putative prion domains. At the top there is a button for complete download of the results.
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A Input type (*) « Simple Search Complex Search Sequence Analysis from text Sequence Analysis from file
Search (*) Saccharomyces cerevisiael ?
Submit  Reset
B Download all
Download D AC Source Taxon OrganismA v Score A
Download  HOGXU2 9SACH  HOGXU2  UniProtKB/TrEMBL  fungi Saccharomyces isiae x Saccharomyces kudri i VIN7 137.574
Download  G2WCC4_YEASK G2WCC4  UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 133.326
Download AGZVEG6_YEAS7 AGZVE6 UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 130.023
Download N1P4C9_YEASC N1P4C9 UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 121.44
Download E7NLN3_YEASO E7NLN3 UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 120.465
Download B5VKH7_YEAS6 BSVKH7 UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 119.662
Download C7GUP7_YEAS2 C7GUP7 UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 119.2
Download G2WKL7_YEASK G2WKL7 UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 118.648
Download B5VFN2_YEAS6 B5VFN2 UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 118.385
Download HOGDU6_9SACH HOGDU6 UniProtKB/TrEMBL fungi Saccharomyces cerevisiae x Saccharomyces kudriavzevii VIN7 118.385
Entries per page: [ 10 % ] (746 total entries)
« Start Prev 1 2 3 456 7 8 9 10 Next End »
Page 1 of 75. Go to page: GCo
Figure 3 The Simple Search option for searching with text keywords. A) The Simple Search option is used for querying the database with a
text keyword —i.e. the complete name of an organism in this case. B) The General Output Page retrieved by the query with rows corresponding
to multiple entries in the database —i.e. putative prion proteins in the genome of this organism- each one redirecting to a Detailed Output Page.
At the top there is a button for complete download of the results and at the bottom there is a summary of the number of predictions and a
functionality for browsing throughout multiple pages containing all the results returned.

plots. This information is in HTML format and can
be displayed locally using any web browser, and we
also include a version in a flat text file with the
same information that could also be easily parsed
by ad hoc scripts written by the users for performing
in-house massive offline analysis of our data.

Analyzing your own sequences

In this case the user has complete flexibility for testing
the prionogenicity of protein sequences using the (Se-
quence Analysis from text or file) functionalities, as
depicted in Figure 5. First, the right option in the Sub-
mission Form is selected in order to enable the option
for pasting a limited number of sequences in FASTA for-
mat or for uploading a file with a high number of pro-
tein sequences, which can be either a flat file or a
compressed file in FASTA format (the limit is 500 MB
for compressed files, which we estimate can contain ap-
proximately one million sequences). We also provide the
possibility that the user can select the best cutoff for
prediction according to his/her needs. In this case, if

only one among the sequences introduced by the user
happens to bear prion-like domains, the output will cor-
respond to a Detailed Output Page with the specific in-
formation for the protein. On the other hand if the
analysis of the sequences results in more than one pro-
tein with prion domain predictions, then the output will
be a General Output Page with one row for each pro-
tein with predictions. As in the case of results obtained
while searching the database, each row redirects to a
Detailed Output Page with the specific information for
the selected sequence. If the number of sequences is less
than 5000, the output will be generated in a few seconds
in HTML format as just described here, but when the
number of sequences is higher than this value, then the
job will be submitted to our computer cluster for pro-
cessing. In this last case the results will be submitted by
e-mail to the user upon completion.

Similar resources
There are a few examples of repositories with informa-
tion on prion proteins, prionogenic sequences, prion-
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A Input type (*) Simple Search » Complex Search Sequence Analysis from text Sequence Analysis from file
Search (*) Organism ¥ Saccharomyces cerevisiae ?
eria, Plasmodium falcif DI
Search (*) AND Molecular Function  § DNA binding ?
New row
Submit  Reset
B Download all
Download D AC Source Taxon OrganismA ¥V Score A
Download ABZVE6_YEAS7 ABZVES UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 130.023
Download B5VKH7_YEAS6 B5VKH7 UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 119.662
Download C7GUP7_YEAS2 C7GUP7 UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 119.2
Download ASG1_YEAST P40467 UniProtKB/Swiss-Prot fungi Saccharomyces cerevisiae 113.017
Download G2WG21_YEASK G2WG21 UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 112.641
Download A6ZL92_YEAS7 ABZL92 UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 111.432
Download C8ZAY4_YEASS C8ZAY4 UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 108.177
Download B3LTX7_YEAS1 B3LTX7 UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 105.561
Download AG6ZWNO_YEAS7 ABZWNO UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 102.418
Download C7GJ43_YEAS2 C7GJ43 UniProtKB/TrEMBL fungi Saccharomyces cerevisiae 90.906
Entries per page:| 10 % | (91 total entries)
« Start Prev 1 2 3456 7 8 9 10 Next End »
Page 1 of 10. Go to page: Go
Figure 4 Complex Search option for searching with multiple text keywords. A) The Complex Search option is used for querying the
database combining the information of two columns of the database —e.g. in this case we search the putative prions in the genome of an
organism related to a specific molecular function as described in Gene Ontology. B) The General Output Page retrieved by the query with rows
corresponding to multiple entries in the database —i.e. putative prion proteins in the genome of this organism- each one redirecting to a
Detailed Output Page. At the top there is a button for complete download of the results and at the bottom there is a summary of the number of
predictions and a functionality for browsing throughout multiple pages containing all the results returned.

related diseases, prion protein interactions and orthologs
and paralogs of prion proteins in multiple organisms.
For example, the Prion Disease Database [30] contains a
sort of experimental data on prion sequences and multi-
level data on diseases caused by prions, combined with a
set of tools for data analysis and systems biology studies
in mouse. PrionHome [31] is a non-redundant database
containing approximately 2000 prion-related sequences
obtained from different public and private sources, in
some cases with experimental support or inferred using
different predictive algorithms [24,32,33]. There is yet
another similar resource, set up as a web application for
predicting prion forming propensity [25]. Though not a
database in the strict sense of the term, the PAPA site
(http://combi.cs.colostate.edu/supplements/papa/) allows
the analysis of protein sequences based on amino acid

propensities in prion sequences inferred from in vivo ag-
gregation analysis. In contrast to these available resources,
PrionScan provides genomic-scale prion predictions for
the proteomes of all organisms, in a framework that allows
an easy way to study the sequential/structural determi-
nants of prionogenicity, as well as comparative studies of
the implication of prions in cell biology in different group
of organisms.

Conclusions

The continuous growth in the number of protein se-
quences annotated in public databases, mainly due to
massive genome sequencing programs, is challenging be-
cause the availability of experimental and computational
methodologies for the analysis of those new sequences
evolves at a rather slower pace. PrionScan intends to be
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) fasta f
St

Submit  Reset

Input type (*) Simple Search Complex Search
Cutoff (*) 50 ?
CCEEIEEAO() Choose File | No file chosen u
e writen in fasta format
Click here to download a sample file
Email (*) your.address@domain.com

Submit  Reset

A Input type (*) Simple Search Complex Search « Sequence Analysis from text Sequence Analysis from file
Cutoff (*) 50 ?
Fasta text (*) ?

Sequences of less than 60 residues will not be scanned. Read the help page for more information.

Sequence Analysis from text

« Sequence Analysis from file

user's discretion.

Figure 5 Sequence Analysis from file and text for processing user’s own sequences. A) The Sequence Analysis from text option in which
the user can modify the cutoff used in our methodology to scan the sequences that can be pasted in the text box below. B) The Sequence
Analysis from file option useful for processing a high number of sequences by submitting the file to be processed in our server. In this case there
is an obligatory text box for providing the e-mail address for sending the results upon completion and the cutoff could also be adjusted at

a repository of organized and up-to-date predictive data on
prion-like domains present in the proteins of all the organ-
isms available. In this regard we believe that our database
will provide a basis for future studies on the implication of
prions in cell biology from a genomic perspective.

Availability and requirements
PrionScan is publicly available in the following web
address: http://webapps.bifi.es/prionscan.
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SQL: Structured query language.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

JS conceived the idea. VEA designed and implemented the database, wrote
most of the code and performed all data processing. VEA and AA designed
the web interface. AA set up the server and wrote the code for query

processing, database functionality and update, and helped in data
processing. GL, AG, SV and JS directed and oversaw the project. VEA, AA, SV
and JS tested the user interface. VEA drafted the manuscript. AA, SV and JS
helped correcting the manuscript. All authors have read and approved the
manuscript.

Acknowledgements

The authors thankfully acknowledge the resources from the supercomputer
Memento and Terminus hosted at the BIFI, Universidad de Zaragoza and the
technical expertise and assistance provided by the High Performance
Computing group and BIFI-ZCAM. VEA was funded by Banco Santander
Central Hispano, Fundacién Carolina and Universidad de Zaragoza and is
now recipient of a doctoral fellowship awarded by Consejo Superior de
Investigaciones Cientfficas, JAE program. SV would like to acknowledge
financial support from grants BFU2010-14901 from Ministerio de Ciencia

e Innovacion (Spain) and 2009-SGR-760 from AGAUR (Generalitat de
Catalunya). SV has been granted an ICREA Academia award (ICREA). JS would
like to acknowledge financial support from grants BFU2010-16297 [Ministerio
de Ciencia e Innovacién Spain] and P1078/08 and CTPR02/09 [DGA, Spain].
The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Author details
'Departamento de Bioquimica y Biologia Molecular y Celular, Facultad de
Ciencias, Universidad de Zaragoza, Pedro Cerbuna 12, 50009 Zaragoza, Spain.


http://webapps.bifi.es/prionscan

Espinosa Angarica et al. BMC Genomics 2014, 15:102
http://www.biomedcentral.com/1471-2164/15/102

?Institute for Biocomputation and Physics of Complex Systems (BIFI),
Universidad de Zaragoza, Mariano Esquillor, Edificio | + D, 50018 Zaragoza,
Spain. *Joint Unit BIFIFIQFR (CSIC), Serrano 119, 28006 Madrid, Spain. “Institut
de Biotecnologia i de Biomedicina, Universitat Autonoma de Barcelona,
08193 Bellaterra, Spain. *Departament de Bioquimica i Biologia Molecular,
Universitat Autdbnoma de Barcelona, 08193 Bellaterra, Spain.

Received: 24 October 2013 Accepted: 4 February 2014
Published: 5 February 2014

References

1.

2.

20.

21.

22.

23.

24.

True HL, Berlin |, Lindquist SL: Epigenetic regulation of translation reveals hidden
genetic variation to produce complex traits. Nature 2004, 431(7005):184-187.
True HL, Lindquist SL: A yeast prion provides a mechanism for genetic
variation and phenotypic diversity. Nature 2000, 407(6803):477-483.

Masel J, Siegal ML: Robustness: mechanisms and consequences.

Trends Genet 2009, 25(9):395-403.

Shorter J, Lindquist S: Prions as adaptive conduits of memory and
inheritance. Nat Rev Genet 2005, 6(6):435-450.

Namy O, Galopier A, Martini C, Matsufuji S, Fabret C, Rousset J-P: Epigenetic

control of polyamines by the prion [PSI+]. Nat Cell Biol 2008, 10(9):1069-1075.

Patino MM, Liu JJ, Glover JR, Lindquist S: Support for the prion hypothesis for
inheritance of a phenotypic trait in yeast. Science 1996, 273(5275):622-626.
Heinrich SU, Lindquist S: Protein-only mechanism induces self-
perpetuating changes in the activity of neuronal Aplysia cytoplasmic
polyadenylation element binding protein (CPEB). Proc Natl Acad Sci USA
2011, 108(7):2999-3004.

Banerjee P, Schoenfeld BP, Bell AJ, Choi CH, Bradley MP, Hinchey P, Kollaros
M, Park JH, McBride SMJ, Dockendorff TC: Short- and long-term memory
are modulated by multiple isoforms of the fragile X mental retardation
protein. J Neurosci 2010, 30(19):6782-6792.

Si K Lindquist S, Kandel ER: A neuronal isoform of the aplysia CPEB has
prion-like properties. Cell 2003, 115(7):879-891.

Frost B, Diamond MI: Prion-like mechanisms in neurodegenerative
diseases. Nat Rev Neurosci 2010, 11(3):155-159.

Brundin P, Melki R, Kopito R: Prion-like transmission of protein aggregates
in neurodegenerative diseases. Nat Rev Mol Cell Biol 2010, 11(4):301-307.
Aguzzi A, Calella AM: Prions: protein aggregation and infectious diseases.
Physiol Rev 2009, 89(4):1105-1152.

Ross CA, Poirier MA: Protein aggregation and neurodegenerative disease.
Nat Med 2004, 10(Suppl):S10-517.

Prusiner SB: Prion biology and diseases. 2nd edition. New York, USA: Cold Spring
Harbor Laboratory Press; 2004.

Aguzzi A, Polymenidou M: Mammalian prion biology: one century of evolving
concepts. Cell 2004, 116(2):313-327.

Collinge J: Prion diseases of humans and animals: their causes and
molecular basis. Annu Rev Neurosci 2001, 24:519-550.

Bryan AW Jr, Menke M, Cowen LJ, Lindquist SL, Berger B: BETASCAN: probable
beta-amyloids identified by pairwise probabilistic analysis. PLoS Comput Biol
2009, 5(3):21000333.

Zibaee S, Makin OS, Goedert M, Serpell LC: A simple algorithm locates
beta-strands in the amyloid fibril core of alpha-synuclein, Abeta, and
tau using the amino acid sequence alone. Protein Sci 2007, 16(5):906-918.
Trovato A, Seno F, Tosatto SC: The PASTA server for protein aggregation
prediction. Protein Eng Des Sel 2007, 20(10):521-523.

Fernandez-Escamilla AM, Rousseau F, Schymkowitz J, Serrano L: Prediction
of sequence-dependent and mutational effects on the aggregation of
peptides and proteins. Nat Biotechnol 2004, 22(10):1302-1306.

Pawar AP, Dubay KF, Zurdo J, Chiti F, Vendruscolo M, Dobson CM:
Prediction of “aggregation-prone” and “aggregation-susceptible” regions
in proteins associated with neurodegenerative diseases. J Mol Biol 2005,
350(2):379-392.

Harrison PM, Gerstein M: A method to assess compositional bias in
biological sequences and its application to prion-like glutamine/asparagine-
rich domains in eukaryotic proteomes. Genome Biol 2003, 4(6):R40.
Michelitsch MD, Weissman JS: A census of glutamine/asparagine-rich
regions: implications for their conserved function and the prediction of
novel prions. Proc Natl Acad Sci U S A 2000, 97(22):11910-11915.

Alberti S, Halfmann R, King O, Kapila A, Lindquist S: A systematic survey
identifies prions and illuminates sequence features of prionogenic
proteins. Cell 2009, 137(1):146-158.

25.

26.

27.

28.

29.

30.

31

32.

33.

Page 9 of 9

Toombs JA, Petri M, Paul KR, Kan GY, Ben-Hur A, Ross ED: De novo design of
synthetic prion domains. Proc Natl Acad Sci U S A 2012, 109(17):6519-6524.
Toombs JA, McCarty BR, Ross ED: Compositional determinants of prion
formation in yeast. Mol Cell Biol 2010, 30(1):319-332.

Espinosa Angarica V, Ventura S, Sancho J: Discovering putative prion
sequences in complete proteomes using probabilistic representations
of Q/N-rich domains. BMC Genomics 2013, 14:316.

UniProt C: Update on activities at the Universal Protein Resource
(UniProt) in 2013. Nucleic Acids Res 2013, 41(Database issue):D43-D47.
Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, Cherry JM, Davis AP,
Dolinski K, Dwight SS, Eppig JT, et al: Gene ontology: tool for the unification
of biology. The gene ontology consortium. Nat Genet 2000, 25(1):25-29.
Gehlenborg N, Hwang D, Lee IY, Yoo H, Baxter D, Petritis B, Pitstick R,
Marzolf B, Dearmond SJ, Carlson GA, et al: The prion disease database:

a comprehensive transcriptome resource for systems biology research
in prion diseases. Database (Oxford) 2009, 2009:bap011.

Harbi D, Parthiban M, Gendoo DM, Ehsani S, Kumar M, Schmitt-Ulms G,
Sowdhamini R, Harrison PM: PrionHome: a database of prions and other
sequences relevant to prion phenomena. PLoS One 2012, 7(2):e31785.
Harrison PM, Khachane A, Kumar M: Genomic assessment of the evolution of
the prion protein gene family in vertebrates. Genomics 2010, 95(5):268-277.
Harrison LB, Yu Z, Stajich JE, Dietrich FS, Harrison PM: Evolution of budding
yeast prion-determinant sequences across diverse fungi. J Mol Biol 2007,
368(1):273-282.

doi:10.1186/1471-2164-15-102
Cite this article as: Espinosa Angarica et al.: PrionScan: an online database
of predicted prion domains in complete proteomes. BMC Genomics 2014 15:102.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J




	Abstract
	Background
	Description
	Conclusions

	Background
	Construction and content
	Data acquisition and database organization
	Database content

	Utility and discussion
	PrionScan website
	Querying the database
	Analyzing your own sequences
	Similar resources

	Conclusions
	Availability and requirements
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


