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Integrated databases resources are integral to the
study of biology and of host-pathogen interactions.
Tremendous strides in technology have permitted
the generation of large, valuable data sets for many
life cycle stages of numerous pathogens and/or
their hosts. The Toxoplasma genome database
(http://ToxoDB.org) currently hosts, and integrates,
a wide array of diverse, large-scale data sets (1).

ToxoDB contains three fully annotated genome
sequences for Toxoplasma gondii (GT1, VEG
and ME49 strains) and the annotated genome
sequence of the closely related Neospora caninum
(2). Additionally, the database contains all available
EST sequence data, 13 microarray experimental
datasets for tachyzoites and bradyzoites, 2 SAGE-
Tag data sets, 1 tachyzoite RNA-Seq experiment
from both T. gondii VEG and N. caninum, and
ChlP-on-chip data sets from precipitation with
several different histone antibodies. The database
also contains 21 proteomic data sets, SNPs and
ortholog and synteny determinations between all
Toxoplasma strains and Neospora.

The database is part of the NIH-funded Eukaryotic
Pathogen Database, (http:/EuPathDB.org) (3).
The integrated data are presented in an intuitive
interface that permits strategic data mining across
the data sets using our strategy system (4). For
example, it is possible to identify all annotated
genes that contain a signal peptide, are expressed
in tachyzoites, but not bradyzoites, have evidence of
protein expression and are conserved in Neospora
with only a few clicks of the cursor.
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The database, which has been in existence
since 2003 (5), is a free community resource
that is linked to other prominent apicomplexan
organisms (Plasmodium, Thileria, Babesia and
Cryptosporidium) as well as other prominent
eukaryotic pathogens (Giardia, Entamoeba,
Leishmania, Trypanosoma, Microsporidia and
Trichomonas) via the EuPathDB.org portal. The
EuPathDB portal permits queries of Toxoplasma
and any other organism contained within the
database simultaneously. For example, itis possible
to search for genes with certain properties that are
conserved in Toxoplasma and Neospora but not
other Apicomplexa.
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La busqueda racional de medicamentos anti-
Leishmania mediante métodos computacionales en
el Programa de Estudio y Control de Enfermedades
Tropicales, PECET, de la Universidad de Antioquia,
esta enfocada en: i) la seleccion e identificacién de
potenciales blancos proteicos, y ii) la prediccion
de segundos usos de medicamentos anotados en
bases de medicamentos y enfatizando en aquellos
medicamentos aprobados para uso en humanos o
que estan en proceso de aprobacion.

Para la identificacion o seleccion de blancos de
medicamentos se han empleado dos estrategias:
una es mediante la generacién de redes de
interaccién de proteinas y la otra es mediante la
busqueda de homologia con PSI-BLAST.

Para la generacion de las redes de proteinas,
se empled el proteoma anotado de Leishmania
major y de las otras dos especies de Leishmania
secuenciadas. Las proteinas para la construccion
de las redes se descargaron de geneDB. La red de
interaccién se construyé empleando tres métodos
validados: PSIMAP, PEIMAP y iPfam, con lo cual
se obtuvo una red de alta confianza (>0,70).
Pardmetros como el grado de intermediacion,
la conectividad y el esquema de doble puntaje,
se emplearon para determinar las proteinas
esenciales en la red de L. major, que es el genoma
mejor anotado actualmente.

Con los tres métodos se identificaron 1.366 nodos
y 33.861 interacciones. De éstos, 142 proteinas
fueron identificadas como blancos potenciales de
medicamentos y filtradas por homologia con el
proteoma humano. Ademas, se predijo la funcion
de 263 proteinas hipotéticas. Teniendo en cuenta
los parametros de esencialidad, encontramos que
la mayoria de las proteinas esenciales fueron
clasificadas como cinasas. Este hallazgo es
relevante, dado que las cinasas son proteinas
implicadas en muchos procesos importantes o
esenciales dentro de unacélula. También, se predijo
la red proteica del proceso de edicion del ARNA y
se detectaron como esenciales dos proteinas de
las 21 que forman el “editosoma”.

La segunda estrategia, enfocada a identificar
proteinas esenciales mediante PSI-BLAST, esta
basada en el raciocinio de que si un medicamento

tiene accion demostrada o actlia sobre una proteina
y esta proteina presenta gran homoogia con una
proteina de Leishmania, este medicamento, con
algunas consideraciones, podria tener accion
también contra la proteina de Leishmania.

Para esto, se buscaron los medicamentos
depositados en bases de datos cuyo blanco
de accion son las proteinas. Estas proteinas
se compararon con el proteoma anotado de
Leishmania. Ademas, se filtrarontodas las proteinas
que tenian homologia con el proteoma del humano.
Usando esta estrategia, se encontraron 147
proteinas homologas en Leishmania, las cuales
pueden ser blancos potenciales del respectivo
medicamento depositado en la base de datos.
De la lista de medicamentos correspondientes
a las 147 proteinas, se seleccionaron 15 con
base en aspectos como capacidad hidréfoba, via
de administracion, costos, etc. Varios de estos
medicamentos estan siendo evaluados en ensayos
in vitro.

Se piensa que la respuesta inflamatoria generada
durante la infeccion por el parasito Leishmania
favorece la aparicién de la lesiébn como tal. Sefial
de esto es la dificultad para aislar parasitos de
lesiones mucocutaneas, tanto en biopsias como
en aspirados tomados directamente de la lesion,
lo que sugiere la presencia de un bajo nimero de
parasitos a pesar de la agresividad de la lesion.
Esta forma clinica de la enfermedad también cursa
con un titulo alto de anticuerpos, apoyando aun
mas la hipétesis de que la respuesta inflamatoria
puede exacerbar la lesion.

Con base en esta asunciéon, pensamos que
los medicamentos candidatos con actividad anti-
Leishmania, pero que simultaneamente pueden
tener accion antiinflamatoria, podrian ser mas
efectivos en inducir la cura o resolucion de la lesion
o la enfermedad. Incluso, si dicho medicamento,
ademas, tiene accion cicatrizante, seria mucho
mejor. Haciendo una busqueda activa en bases de
medicamentos,hemosencontrado64medicamentos
con actividad antiinflamatoria y 17 con actividad
antiulcerosa. Se puede predecir una posible accion
de estos medicamentos antiinflamatorios contra
Leishmania mediante herramientas que predicen
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la actividad del medicamento con base en su
estructura.

Se evalud la prediccion de la actividad con base
en la estructura de la anfotericina B, uno de los
medicamentos empleados para tratar casos de
leishmaniasis y algunas micosis, y se predijo la
actividad antifungica y antiprotozoaria, lo cual
sugiere que por medio de esta estrategia podriamos
seleccionar medicamentos antiinflamatorios con
potencial actividad anti-Leishmania.

Otrasaproximaciones enfocadasalabusquedade
medicamentos anti-Leishmania incluyen el docking
masivo y el empleo de herramientas de inteligencia
artificial, especificamente maquinas de soporte
vectorial y clasificadores bayesianos. El docking
es una de las herramientas bioinforméaticas més
prometedoras en la blusqueda de medicamentos
contra enfermedades en general. Se han
descubierto varios medicamentos contra algunas
enfermedades por medio del docking.

Hasta la fecha, aproximadamente 158 proteinas
de Leishmania se han incluido en la base de
datos PDB. Las proteinas se han derivado,
principalmente, de L. major (66) y L. mexicana
(38) y, en menor proporcion, de L. donovani (14)
L. infantum (6) y L. tarentolae (5). Dado que estas
estructuras tridimensionales estan disponibles,
la idea es realizar el docking empleando la base
datos de medicamentos ZINC contra proteinas no
redundantes de Leishmania, cuyo numero hasta
la fecha se estima en 70 a 80. Los experimentos
de docking se correran empleando el software
Autodock Vina'y World Community Grid de IBM.

El proteoma de Leishmania estd compuesto,
aproximadamente, de 8.200 a 8.300 proteinas
dependiendo de la especie, pero sélo unas 168
proteinas se han cristalizado y sus estructuras
se han depositado en PDB. Este bajo nimero de
proteinas cristalizadas limita el uso del docking
como una herramienta predictora de medicamentos
en aquellos casos en los cuales se identifica un
potencial blanco pero carece de estructura en
tercera dimension.

Para tratar de resolver este inconveniente, se
han desarrollado herramientas de inteligencia
artificial, como las maquinas de soporte vectorial
o los clasificadores bayesianos, lo cual evita la
necesidad de usar estructuras en tercera dimensioén
en la busqueda de medicamentos y, en cambio,
hace uso de la estructura primaria o los dominios
de las proteinas, entre otros.

En nuestro laboratorio, estamos entrenando
maquinas de soporte vectorial y clasificadores
bayesianos con medicamentos que reconocen
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cinasas de cualquier fuente (clasificacion
positiva). Ademds, la maquina se entrenara
con medicamentos que no reconocen cinasas
(clasificacion negativa). Una vez entrenada la
maquina, el “cinoma” de Leishmania sera analizado
con la herramienta de inteligencia artificial para
identificar si un medicamento particular reconoce
alguna de las cinasas de Leishmania.

Actualmente, estamos haciendo la codificaciéon
vectorial de las cinasas con base en los dominios
de este grupo de enzimas. EI medicamento que
sea clasificado o establezca relaciéon con una de
las cinasas de Leishmania, sera evaluado in vitro
inicialmente y, si los resultados son promisorios,
pasara a analisis in vivo.

Se presentan las estrategias usadas en estas
aproximaciones y empleadas en la busqueda de
medicamentos anti-Leishmania, ademas de los
resultados preliminares.
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The genus Eimeria comprises protozoan parasites
that cause severe infections in domestic animals.
Seven Eimeria species are implicated with
coccidiosis of the domestic fowl, an enteric disease
that leads to important economic losses in poultry
production. The genome of the model species,
Eimeria tenella, presents a complexity of circa
55-60 MB distributed in 14 chromosomes, with an
estimated G+C content of 53% (1).

An international consortium, composed of
research groups in the UK, Malaysia and Brazil
has been established in 2000, with different tasks
being divided among the member groups (2). As
a first result of this effort, the complete sequence
of the chromosome 1 has been determined (3).
This chromosome revealed, as a major feature,
a segmentation pattern consisting of gene-rich
regions associated with a high content of short
tandemly repeated sequences, and regions with
poor gene density and low repetitive content. The
segments with a highly repetitive content were
associated with recombination events, accounting
for chromosome size variations observed in
molecular karyotypes of different E. tenella strains.
Preliminary data show that the whole genome of
E. tenella presents the same segmented structure,
and a draft sequence is publicly available at http://
www.sanger.ac.uk/Projects/E_tenella/.

In addition to the genome sequencing, a good
characterization of the parasite transcriptome may
lead to a better understanding of the parasite biology
and the development of new control strategies.

With this aim in mind, our group carried out a
comparative EST sequencing study of the three most
economically relevant Eimeria species: E. tenella,
E. maxima and E. acervulina. For this purpose, we
isolated MRNA from different developmental stages
of the parasites, and constructed cDNA libraries
using ORESTES method, a technique based on
the synthesis of cDNA molecules using arbitrarily
primed RT-PCRs (4).

In total, we have generated circa 15,000 high-
quality reads for each one of the three Eimeria
species. All generated cDNA reads were submitted
to a multistep pre-processing pipeline using
EGene, a bioinformatics platform developed by our
group for the generic construction of automated
pipelines (5). The ‘reads’ were assembled with
CAP3 and the reconstructed cDNAs submitted to a
comprehensive annotation pipeline including ORF
determination, similarity searches, protein motif
finding, KOG classification and GO mapping. This
annotation pipeline was performed using a set of
EGene’s newly developed components (Durham
and Gruber, manuscript in preparation).

In the case of E. tenella, in addition to our
ORESTES reads, we also employed in the
assembly step a set of around 35,000 ESTs
publicly available on the GenBank and the
Sanger Institute. Altogether, the full ORESTES/
EST combined set contained samples from the
following developmental stages: unsporulated
oocysts, sporulating oocysts (sporoblast phase),
sporulated oocysts, sporozoites, and first- and
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second-generation merozoites. The annotation
data in feature table and GFF3 formats, and all
supporting evidences, will be publicly released in a
near future at the address http://www.coccidia.icb.
usp.br/eimeria_tdb.

The gene expression patterns of the parasite
transcriptome were assessed by two different
methods. First, we processed the assembled
cDNAs using proprietary scripts to generate digital
expression profiles. In this approach, the number of
EST/ORESTES reads composing each assembled
cDNA is assumed to be proportional to the
abundance of the corresponding transcript in each
one of the respective developmental stages. We
estimated the expression levels of all reconstructed
transcripts in the different stages, in the three
Eimeria species. We also performed an expression
analysis on sporozoite and second-generation
merozoite stages of E. tenella using LongSAGE
(6), a variation of the original SAGE technique that
generates 21-base tags. The LongSAGE libraries
were sequenced and the ‘reads’ were processed
using both, EGene and SAGE_Suite, a locally
developed package for tag extraction and counting.
In total, we have produced more than 35,000 tags,
corresponding to 9,516 unique tags.

This number is relatively close to the estimated
complexity of circa 8,000 genes found in coccidian
(Toxoplasma and Neospora) transcriptomes. An
analysis of the tag profiles revealed that around
66.5% of the SAGE tags present single counts,
whereas more than 88% of the unique tags show
counts below to five. This result suggests that the
eimerian transcriptome is very narrowly expressed
in any stage, with some few genes presenting a
very high expression, while most of the genes are
expressed in low amounts. In both datasets, digital
Northern and LongSAGE, differentially expressed
genes were identified using Kemp (7), a statistical
frequentist exact test that uses a tag-customized
critical level which minimizes a linear combination
of type | and type Il errors.

A comparison of the digital Northern and
LongSAGE results in E. tenella showed a good
agreement, and many differentially expressed
genes have been mutually identified in both
techniques. In the case of LongSAGE, we detected
a total of 270 differentially expressed tags between
sporozoites and merozoites, and succeeded to
map 199 of these tags onto assembled cDNAs.
From this set, a total of 144 tags showed a good
agreement with the expression pattern observed
on digital Northern.

14

Biomédica 2011;31(sup.3):3-315

This result suggests that both techniques, SAGE
and digital Northern, present a good correlation for
most of the genes. We also carried out a preliminary
experimental validation with real-time quantitative
RT-PCR using twelve genes selected from sets
of differentially and non-differentially expressed
genes. In all cases, the expression status observed
on LongSAGE and/or digital Northern has been
confirmed by real-time PCR. In four tested genes,
the expression ratio observed between the tested
developmental stages has been experimentally
confirmed with a very high correlation.

Finally, the digital expression profiles were
submitted to agglomerative hierarchical clustering
analyses using Simcluster (8), and distance trees
have been determined. The topologies of the
obtained dendrograms were in good agreement
to what is known in regard to the biology of
the parasites. Thus, expression patterns of
unsporulated, sporulating and sporulated oocysts
were all clustered into a single group, whereas
sporozoites and merozoites were clustered into
separate groups. Also, distance trees of the
expression profiles clearly showed that stages
that are more closely related in the life cycle (e.g
sporulated oocysts and sporozoites) present more
similar gene expression patterns to one another
than to other developmental stages.

To identify pairs of orthologous proteins across
the different apicomplexans, we carried out an all-
against-all comparison of the translated products of
nine Apicomplexa organisms using InParanoid (9),
in a total of 36 paired analyses. Next, we merged all
pairwise ortholog clusters identified by Inparanoid
into multi-species clusters using MultiParanoid
(10). This analysis allowed us to identify proteins
that are evolutionary conserved across different
apicomplexan taxa, and that may potentially exert
common functions in the members of the phylum.
Also, we were able to identify orthologous groups
specific to the genus Eimeria.

We now intend to extend the validation of
differential expression data to a larger set of genes,
and identify genes involved in some particular
steps of the parasite life cycle. For instance, the
mechanisms and specific genes involved in the
sporulation process are still poorly understood.
Thus, by using our expression data and selecting
the most promising candidates for experimental
validation, we expect to better define proteins
associated with this essential step of the life
cycle. This knowledge may help us to devise new
strategies to control this important disease.
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