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EDITORIAL

“Protedmica”
Un esfuerzo editorial que necesita de la colaboracion de todos nosotros

A pesar de las enormes dificultades que entrafia la edicion de estos primeros nu-
meros de nuestra nueva revista “Protedmica”, tenéis en vuestras manos el nimero 1,
gue como no podia ser de otra manera, sale con cierto retraso. Esperamos que tenga la
excelente acogida de su primogénito, el nimero 0, niUmero que ha recibido numerosas
felicitaciones, tanto de este como del otro lado del Atlantico. A fuerza de ser honesto,
he de decir que desde el Comité Editorial no son felicitaciones lo que esperamos, sino
contribuciones. Insistir en la idea de que sin las aportaciones de todos nosotros este
proyecto tan ilusionante nunca sera viable es una obviedad, aunque necesaria. Seguimos
convencidos de la importancia que la revista va a tener, en especial entre los grupos
latinoamericanos, aquellos espafioles que hagan sus primeras incursiones en el area, y,
sobre todo, entre los estudiantes de doctorado y postdoctorales jovenes. También sera
un vehiculo de ensefianza y transmision de conocimientos de los grupos con experien-
ciay trayectoria contrastada. Es por ello que desde esta editorial os pedimos, de nuevo,
vuestras aportaciones, en forma de articulos originales, comunicaciones breves, articu-
los de revision, articulos de difusion, opiniones, notas, resumen de Tesis Doctorles, y
comentarios sobre cualquier aspecto relacionado con la protedbmica. Como garantia de
calidad, todas las contribuciones seran revisadas por el comité editorial y los articulos
originales, las comunicaciones breves y las revisiones seran evaluados cientificamente
por uno o dos revisores elegidos por el Comité Editorial. Gracias a todos aquellos que
creen en la revista y lo demuestran con su trabajo en favor de ella, esencialmente los
miembros del Comité Editorial, y a los que han sido sensibles a nuestras llamadas e
insistencia, por el envio y la preparacion de manuscritos que iran pareciendo en nime-
ros sucesivos. Una vez mas, la Universidad de Cordoba, a través del Vicerrectorado de
Investigacion y el Servicio de Publicaciones, esta a la cabeza de este proyecto, con la
financiacion de la version impresa. Muchas gracias, estimado Profesor Enrique Aguilar
Benitez de Lugo.

Jesus V. Jorrin Novo

11
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Noticias de la SEProt

De la andadura de la SEprot, desde que vio la
luz el nimero 0 (julio 2007), hemos venido infor-
mando puntualmente a traves de nuestra pagina
web (http://www.cbm.uam.es/seprot), incluyendo
Ccursos, congresos, talleres y otras reuniones cienti-
ficas, ofertas del trabajo. Todo ello da idea del buen
estado de salud de la protedbmica en nuestro pais y
del enorme dinamismo de nuestra Sociedad, que
sigue manteniendo una presencia muy activa en la
EuPA, de cuyas actividades os informa Concha Gil
en un articulo de este nimero. Quizés el aspecto
maés destacado y que merece una mencion especial
es el de la puesta en marcha y organizacion de las
“Jornadas Bienales de Proteémica”, cuya primera
reunion tendré lugar en Barcelona, los proximos 21
y 22 de Febrero. Es, junto con la revista Protedmica,
y una vez consolidados los Congresos de la SEProt,
el proyecto mas ambicioso de la Sociedad. Un pro-
yecto que, como no podia ser de otra manera, gestd
nuestro querido Jesus Vazquez. El propio Jesus pre-
senta, en un articulo de este nimero, estas Primeras
Jornadas. Este nimero 1 de Protedmica recoge los
excelentes trabajos presentados a estas Jornadas.
Desde aqui nuestra mas sincera felicitacion no sélo
a Jesus Vazquez, sino a los verdaderos artifices de
su organizacion: Montserrat Carrascal y Marina Gay
(Comité Organizador Local), Ana M. Maldonado
Alconada e Inmaculada Jorge. A tenor de las Jorna-
das, la Sociedad ha incrementado notablemente su
namero de socios, siendo en la actualidad de 164.

La puesta en escena del “Journal of Proteo-
mics”, con la publicacion “online” de los primeros
manuscritos merece ser destacado, con mayusculas.

ProT1eOMICA ®* NUMERO 1 * FEBRERO 2008

Juanjo Calvete, Presidente de la SEProt, y “Edi-
tor-in-Chief” de la revista comenta en un articulo
de este numero, como se gestd, su justificacion y
objetivos.

Fernando Corrales sigue trabajando en el disefio
y organizacion del que sera el 11l Congreso de la
SEProt. En la dltima reunién de la Junta Directiva
celebrado en Pamplona pudimos comprobar con que
entusiasmo su grupo y Universidad han acogido la
celebracién del Congreso en el incomparable marco
pamplonés. El congreso se celebrara de forma con-
junta con HUPO Latinoamericano (LAHUPO) y las
fechas seran similares a la de ediciones anteriores,
durante la primera quincena de febrero. Estamos
ya ultimando la configuracion del programa y otros
pormenores, aspectos de los que tendréis puntual
informacidn tanto a través de la pagina web de la
SeProt como desde la propia del congreso que pre-
visiblemente estara accesible hacia mediados de este
afio. Esperamos, como es habitual en esta nuestra
comunidad, contar otra vez con vuestro apoyo y
ciencia (de las chistorricas nos encargamos Nnoso-
tros) para culminar con éxito esta nueva andadura.

Por altimo, sefialar que en la proxima reunion
de la Junta Directiva, a celebrar durante las Jorna-
das Bienales, se van a acordar las bases de la nueva
convocatoria de becas SEProt, confiemos en la mag-
nanimidad de nuestro tesorero David Andreu, y que
asigne a esta partida una parte importante de nuestro
exiguo presupuesto.

Junta Directiva de la SEProt
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Actividades del Comité de Educacion de la EuPA para 2008

Concha Gil

Coordinadora del Comité de Educacion de EuPA

El principal objetivo del Comité de Educacion
de la EuPA (EUuPA-EC) es promover y aumentar la
calidad del conocimiento en proteémica creando pro-
gramas educativos y potenciando programas de in-
tercambio de jovenes cientificos en Europa. Durante
dos afios hemos estado trabajando en el desarrollo de
diferentes actividades educativas (Méas informacion
en James et al., 2006; Albar et al, 2007). Nuestro
Programa de Educacion incluye cursos de protedmica
bésicos y avanzados, una escuela de verano, works-
hops y tutoriales. Acabamos de iniciar un programa
de cursos béasicos para profesores “ensefiando a los
profesores”. Todos los miembros del EUPA-EC han
sido invitados a participar en el Comité de Educacion
de HUPO; de esta forma podremos unir nuestro es-
fuerzo y favorecer la educacion en protedmica.

A continuacion (Tabla 1) se detallan las activi-
dades de EuPA-EC para el afio 2008.

Cursos Basicos

Estamos desarrollando cuatro cursos basicos que
abarcan las diferentes metodologias basicas proteo-
micas: electroforesis en gel, cromatografia, espectro-
metria de masas y bioinformética. Todo el material
electrénico relacionado con el curso, presentaciones
de PowerPoint, ejercicios con los resultados correc-
tos, etc... estaran disponibles para los profesores.
También estaran accesibles en formato no editable
para todos los miembros de la EuPA a través de la
pagina web. La idea es que la EuPA organice y co-
ordine los cursos para los profesores de diferentes
paises miembros de la EUPA y que posteriormente
los profesores organicen los mismos cursos en sus
respectivos paises con dicho material.

Cursos avanzados

Ya estan programados dos cursos avanzados or-
ganizados por Ole N. Jensen (Odense, Universidad
de Dinamarca). Uno sobre “bioinformética para es-
pectrometria de masas aplicada a proteémica “y otro
de “espectrometria de masas aplicada a proteémica:

Anaélisis y cuantificacion de modificaciones post-tra-
duccionales”. La informacion sobre estos cursos se
encuentra en http://www.protein.sdu.dk/. También
se estan organizando otros cursos sobre protedmica
cuantitativa y analisis de imagen.

Escuela de Verano

La primera Escuela de Verano de Protedmica
“preparacion de muestras y separacion de proteinas”
tuvo lugar en Brixen/Bressanone, South Tyrol, Italia
del 12-18 de Agosto de 2007. Organizada por Hen-
ning Urlaub (Max-Planck-Institute for Biophysical
Chemistry Goettingen, Alemania) y Katrin Marcus
(Medizinisches Proteom-Center Bochum, Alemania).
El objetivo fue proporcionar una vision detallada de
las principales técnicas analiticas de proteémica, a
estudiantes de doctorado y jovenes post-doctorales.
Las clases trataron sobre diferentes técnicas de prepa-
racion de diferentes tipos de proteinas y los principios
bésicos de cromatografia y electroforesis en gel. Tam-
bién se trataron con detalle diferentes aplicaciones de
estas técnicas. En la escuela participaron estudiantes
de 16 paises europeos diferentes que fueron becados
por sus respectivas Sociedades de Protedmica.

Este afio va a tener lugar la segunda edicidn
”identificacion de proteinas/espectrometria de ma-
sas”, en el mismo lugar, del 13-19 de Julio 2008. Méas
informacion en http://www.proteomic-basics.eu/

Cursos en Congresos de la EUPA

Este afio 2008, el 2° Congreso de EUPA se hara
junto con el Congreso de la HUPO 2008, en Ams-
terdam. Por tanto las actividades educativas se ha-
ran en colaboracion HUPO-EUPA y se anunciaran
proximamente. Antes del Congreso habra dos se-
siones una Clinica y otra de Educacion. Ademas se
entregara el Premio EuPA Joven Investigador. En el
Congreso  HUPO2008, habra una sesion especial
donde se presentaran 4 trabajos previamente selec-
cionados entre los “Abstracts” del Congreso presen-
tados a dicho premio. El ganador recibira 1.000 €.
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CURSOS BASICOS

Proteémica basada en gel.

Organizadores: Angelika Gorg y Jean-Charles Sanchez
Localizacién: Universidad de Lund, Suecia.

Fecha: por confirmar, 2008

Protedmica basada en Cromatografia
Organizadores: Klaus Unger y Peter James. ProteoRed
Localizacion: Universidad Complutense, Madrid.
Fecha: 22-27Septiembre, 2008

Espectrometria de Masas aplicada a Protedmica
Organizadores: Peter James.

Localizacién: Universidad de Lund, Suecia.

Fecha: por confirmar, 2008

Bioinformatica aplicada a Protedmica
Organizadores: Patricia Palagi

Localizacion: Universidad de Ginebra, Suiza.

Fecha: Junio, 2008

Mas informacion sobre los cursos en  http://www.eupa.org

CURSOS AVANZADOS

22 Escuela de Verano: “ldentificacion de Proteinas/

espectrometria de masas”

Organizadores: Henning Urlaub y Katrin Marcus.

Localizacion: Kloster Neustif, Brixen/Bressanone, South Tyrol, Italy
Fecha: 13-19 de Julio 2008

http://www.proteomic-basics.eu/2008/

WORKSHOPS

Fosfo-proteémica funcional y sefializacion celular

Organizadores: Juan Pablo Albar, Ole Jensen y Concha. Gil
Localizacion: Madrid, Fundacién Ramén Areces.
Fecha: Noviembre2008

Los candidatos deben ser estudiantes de doctorado
y ciudadanos europeos o de otros paises pero que
estén desarrollando el trabajo en un laboratorio
europeo. Los candidatos deben ser presentados por
sus directores o por sus Sociedades de Protedmica.
Mas informacién en http://www.hupo2008.nl/

Workshops

Otro de los objetivos del EuPA-EC es promover,
organizar y apoyar \Workshops de Protedmica sobre
temas muy actuales. Pueden tratar sobre aproxima-
ciones tecnoldgicas relevantes (Fosfoprotedmica,
analisis de imagen por MS, bioinformaética) 6 sobre
una pregunta biolégica que puede ser contestada
mediante una combinacion de estrategias proted-
micas. Actualmente esta programado un workshop
para Noviembre de 2008 en Madrid sobre “Fosfo-
protedbmica funcional y sefializacion celular”.

Tutoriales

La idea de este programa es invitar a profesores
e investigadores a escribir articulos sobre determi-
nadas areas de la Protedmica. Dichos articulos seran
publicados en las principales revistas de Protedmica

junto con una presentacion en powerpoint que sera
utilizada en educacion. Estos articulos seréan edita-
dos con el objetivo de proporcionar el material para
un Master de protedmica. Este programa se iniciara
en Enero 2008 y seré llevado a por el Nuevo Comité
de Educacién EuPA-HUPO.

Referencias

James P, G. L. Corthals and C. Gil. 2006. Report.
Proteomics Education, an Important Challenge
for the Scientific Community: Report on the
Activities of the EUPA Education Committee.
Proteomics 6 Suppl 2:77-81.

Albar JP, Corthals GL, Gil C, James P, Jensen ON, Pa-
lagi PM, Penque D. 2007. Promoting Proteomics
Knowledge in Europe: report on the Activities
of the EuPA Education Committee 2006 - 2007.
Proteomics. 7 Suppl 1:90-4.

EuPA web page, http://www.eupa.org

HUPO web page http://www.hupo.org/

Proteomics Summer School. http://www.proteomic-
basics.eu/index.html

ProteoRed, http://www.proteored.org/
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Journal of Proteomics

Juanjo Calvete

Editor in chief, Journal of Proteomics

La idea se venia cociendo. Creo recordar que
ya en la reunidn preparatoria para la creacion de la
EuPA, que tuvo lugar el dia anterior al inicio del
primer congreso de nuestra Sociedad (Coérdoba, 13
Febrero del 2005), se tratd la cuestion de si EUPA
debia tener su propia revista. Especificamente, el
documento Program for EuPA meeting proponia
la siguiente reflexién: “why and if a new journal
should start and with what objective and plan”.
Hubo opiniones para todos los gustos, a favor y en
contra. Los mas conservadores sugirieron una alian-
za de EUPA con una revista de protedmica para la
publicacion de anuncios y de los anales de los con-
gresos y reuniones de las Sociedades de Protedmica
confederadas en la EuPA. Los mas emprendedores
abogaron por una nueva revista que ademas de servir
como medio de comunicacion de la EUPA publicara
trabajos originales, al estilo de Mol Cell Proteomics,
J Proteome Res, Proteomics, sin mas restricciones
que la calidad cientifica de los trabajos. Por motivos
econdmicos y por su bajo impacto, las editoriales
son cada vez mas reacias a publicar Proceedings de
congresos. La balanza se inclind pues hacia la crea-
cién de una nueva revista esencialmente por el tesén
y las gestiones de Jean-Charles Sanchez, Presidente
del Comité de Comunicaciones y Congresos (CCC)
de la EuPA (http://www.eupa.org/) y de la Sociedad
Suiza de Protedmica, quién, junto con Dimitrios
Noukakis, logrd despertar el interés de la editorial
holandesa en el proyecto editorial que recibiria el
nombre de Journal of Proteomics. Entretanto la Tie-
rra ya habia efectuado un cuarto de su trayectoria
anual en torno al Sol y la urgencia por encontrar un
Editor jefe empezaba a manifestarse toda vez que
varios candidatos de renombre declinaron el reto.
Solo por estas circunstancias, premura por lanzar la
revista durante el afio en curso y desercion absoluta
de candidatos de prestigio, concibo que el CCC
aceptara la propuesta de JesUs Jorrin de tantearme
para el puesto. Tenian razén quienes me previnieron
gue poner en marcha el Journal of Proteomics no
iba a ser coser y cantar, pero también es cierto que
Elsevier, y particularmente el responsable del area
de Ciencias de la Vida, Adriaan Klinkenberg, cum-
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plieron su compromiso de poner a disposicion del
proyecto todos sus medios y experiencia editorial.
Asi, para verano del 2007 ya estaba constituido el
panel de Editores Ejecutivos en las areas detalladas
en el diptico adjunto, y habian sido cursadas invita-
ciones a todas las sociedades nacionales asociadas
a EuPA para que propusieran candidatos para el Co-
mité Editorial de la nueva publicacion. Actualmente
el Editorial Board de J. Proteomics (o JPROT) esta
formado por 73 cientificos de todas las Sociedades
de Protedémica federadas en EuPA, asi como por
otros colegas protedmicos de Australia, Corea, Lati-
noamerica (Argentina, Brasil, Cuba y Uruguay), Ja-
pon, y USA. Esta lista no esta cerrada y se pretende
ir incorporando a representantes de otros paises que
estan activamente contribuyendo al desarrollo de la
Protedmica o que estan empezando a dar decidida-
mente sus primeros pasos en esta disciplina.

Tras familiarizarse los Editores con el funcio-
namiento del sistema electrénico para el manejo
de manuscritos (http://ees.elsevier.com/jprot/), el
Journal of Proteomics abrio su portal electronico el
17 de Septiembre del 2007, y ese mismo dia ya se
recibi6 el primer manuscrito. Tres meses después,
en la redaccion del J. Proteomics se han recibido
29 trabajos, de los cuales 5 han sido aceptados para
publicacidn, 8 estan en alguna fase de revision, y
16 han sido rechazados, muchos de ellos sin revi-
sién, fundamentalmente por no ajustarse al ambito
tematico de la revista, aungue éste esta claramente
especificado en las Instrucciones para Autores: The
Journal of Proteomics covers all areas of applied
and basic research in Proteomics using multidisci-
plinary approaches to unravel biological processes.
Emphasis is placed on translational research and
biomarker discovery in human, animal, microorga-
nism and plant systems...

El Journal of Proteomics publicara en 2008 seis
numeros regulares con trabajos originales, revi-
siones, notas técnicas, cartas al editor, resefias de
congresos, etc., asi como nimeros monogréficos.
Algunos de los volimenes teméticos planeados son:
Nuevas Tecnologias, Glicoprotedmica, Proteémi-
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ca de Plantas, Protedmica de Organulos Celula-
res, Fosfoprotedmica, Protedmica de Enfermeda-
des Desatendidas, y Bioinformética en Protedmica.
Dependiendo del volumen de trabajos recibidos la
periodicidad podria reducirse llegando a 12 0 mas
nameros anuales en 2009.

El Journal of Proteomics es un proyecto editorial
nuevo que nace de las cenizas del Journal of Bio-
chemical and Biophysical Methods y aprovecha, por
tanto, la cobertura que disfrutaba esta publicacion.
Los articulos aceptados en J. Proteomics estan acce-
sibles en Science Direct (http://www.sciencedirect.
com/science/journal/18743919), visibles en Google
y referenciados por CrossRef (sistema DOI) y SCO-
PUS. Una vez publicado el nimero inaugural de la
revista en Marzo-Abril de este afio, ésta sera enviada
a Thompson Scientific (ISI) y NCBI para su inclusion
en el Science Citation Index y en Medline/PubMed.

El Journal of Proteomics es la revista oficial
de la EuUPA, igual que, por ejemplo, Biochemical
Journal, FEBS Journal, Protein Science o JBC lo
son, respectivamente, de la Biochemical Society,
FEBS, la Protein Society, y la ASBMB. Y como
aquellas, JPROT desarrolla una politica editorial
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independiente y basada en la revisién por pares de
manuscritos enviados desde cualquier Institucién
del mundo adherida a los principios de Etica Cien-
tifica aceptados universalmente. Existen, asimismo,
conversaciones para que el Comité de Publicaciones
de la Human Proteome Organization dote a JPROT
del rango de revista asociada a HUPO. La preten-
sion del equipo editorial es alcanzar para el Journal
of Proteomics un factor de impacto de 4-6 que lo
situé entre las revistas de mas prestigio del campo
de la Proteémica. Esto s6lo puede lograrse mediante
una campafia de captacién de contribuidores y una
estricta seleccion de los trabajos recibidos. Somos
conscientes del inconveniente que para una revista
representa salir al ruedo cientifico sin un parametro
bibliométrico cuantificable. Sin embargo, también
estamos convencidos del éxito de esta aventura edi-
torial, y de que, por tanto, la publicacién en JPROT
representa una inversion segura cuyo rédito cienti-
fico no tardara en aflorar. Actualmente, el tiempo
medio de respuesta, desde la recepcién inicial hasta
la decisidn final, es de 4-6 semanas y esperamos po-
der mejorarlo. Desde estas lineas animamos, pues,
a todos los proteébmicos espafioles, socios o no de la
SEProt, a considerar al Journal of Proteomics una
opcidn para la publicacion de sus mejores trabajos.

http://www.surveymonkey.com/s.aspx?sm=DFtHO2zCwdVe8b7gTLwgvg 3d 3d
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Las Jornadas Bienales de Protedmica: un nuevo proyecto de la SEProt por y

para todos los socios

Jesus Vazquez

Junta Directiva de la SEProt, Vocal Responsable de las Jornadas

Uno de los objetivos méas importantes de nuestra
sociedad es la organizacion de congresos cientificos.
Por las caracteristicas de la Sociedad y el nimero ac-
tual de socios, estos congresos se organizan cada dos
afios, y los recientes éxitos de asistencia y la calidad
cientifica alcanzada en los congresos de Cordoba
(2005) y Valencia (2007) justifican, sin ninguna duda,
la principal actividad que sustenta nuestra Sociedad.

Durante el pasado congreso de Valencia, segun-
do de la SEProt y primero de la recién estrenada
European Proteomics Association (EuPA), un grupo
de miembros de la SEProt comenzamos a madurar
la posibilidad de organizar algun tipo de reunion de
caracter cientifico durante los afios “pares”. Esta
reunion debia cumplir los dos requisitos de reforzar
la comunicacion y el intercambio de experiencias
cientificas y de implicar la participacion del mayor
namero posible de socios.

Esta idea fue madurando a lo largo del afio 2007.
Durante el mes de mayo se confeccion6 un primer
borrador, y a mediados de junio la Junta Directiva
aprobé un documento que constituy6 el pistoletazo
de salida de lo que hemos denominado “Jornadas
Bienales de Proteémica”. Este documento, al que
puede accederse a través de nuestra pagina web,
recoge las ideas fundamentales del proyecto.

Las Jornadas se han concebido como una activi-
dad cientifica con un caracter mas dinamico y flexi-
ble que los congresos convencionales, que estimule
la participaciéon de los socios mas jovenes y que
contemple los aspectos técnicos y metodolégicos al
mismo nivel que los cientificos.

La idea tuvo una excelente acogida entre los
socios y ya desde el principio se recibieron muchas
propuestas de participacion. Lo primero que tuvi-
mos que decidir es dénde tendrian lugar las Jornadas
del 2008 y quiénes se encargarian de organizarlas.
Para ello la Junta Directiva selecciono, de la for-
ma mas objetiva posible, un grupo de socios con
el perfil adecuado para organizar esta actividad y

se les propuso la puesta en marcha de la idea. En
esta primera etapa y teniendo en cuenta de que se
trataba de un formato completamente virgen, todo
se fue decidiendo a través del didlogo (canalizado
a través de centenares de correos electronicos) y de
la discusion, que resulto, por cierto, enormemente
constructiva, de las diferentes propuestas. Finalmen-
te, en septiembre, se escogié la propuesta presentada
por Montse Carrascal y Marina Gay de celebrar las
| Jornadas Bienales de Protedmica en Barcelona,
el 21 y 22 de febrero del 2008. La siguiente can-
didatura mas valorada fue la presentada por Anita
Maldonado, de Cérdoba (;,cémo no?), donde sera la
sede de las Il Jornadas Bienales de Protedmica, que
se organizaran en el 2010.

El comité organizador de las Jornadas de Barce-
lona lo constituyen Monste Carrascal y Marina Gay
(Barcelona), Anita Maldonado (Cérdoba) e Inma
Jorge (Madrid). Este comité ha organizado una serie
de sesiones temaéticas, de acuerdo a las propuestas
recibidas por los socios, que estan siendo organiza-
das, cada una de ellas, por uno o mas coordinadores
de sesion. Toda la informacion referente a las Jorna-
das en general y las sesiones, la sede y la inscripcion
se han comunicado oportunamente a los socios y
esta disponible a través de nuestra pagina web.

Una vez mas las casas comerciales han respon-
dido de forma entusiasta ante un evento organizado
por nuestra sociedad, y las Jornadas van a ser ge-
nerosamente patrocinadas por ThermoFisher, Agi-
lent, Nucliber, Applied Biosystems, Sigma y Benton
Dickinson, segun la informacion que obra en mi
poder en el momento de escribir esta resefia. Las
casas comerciales participaran activamente en las
sesiones cientificas y Applied Biosystems, ademas,
donara dos premios de 150 € al mejor poster y a la
mejor comunicacion oral. Finalmente, las jornadas
también tendran el patrocinio de Genoma Espafia
a través de la ProteoRed. Es un detalle nada trivial
que habla del excelente ambiente de cooperacion
gue existe entre todos los agentes interesados en el
desarrollo de la Protedmica en Espafia.
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En el momento actual hemos computado la ins-
cripcion de 87 asistentes a las Jornadas, y tenemos
informacién que sugiere que este nimero se incre-
mentara previsiblemente durante los préximos dias.
Las Jornadas, estan, pues, siendo un éxito de parti-
cipacién, pese al breve espacio de tiempo que se ha
tenido para organizarlas, por lo que cualquier duda
original respecto a su conveniencia e importancia
gueda totalmente disipada.

Una propuesta de Gltima hora de la Junta Di-
rectiva ha sido la de publicar los resimenes de los
trabajos presentados a las jornadas en este nimero
de Protedmica. Para ello se ha disefiado un formato
gue constituye un consenso entre lo que seria el
resumen de un congreso convencional y un trabajo
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cientifico corto. El nuevo formato se ha propuesto
con el tiempo muy justo para proceder a su revision
con detalle y su publicacion en este nimero, por lo
que es previsible que no aparezcan todos los traba-
jos. En cualquier caso, los resimenes de todas las
contribuciones apareceran en nuestra web, y todos
los autores estan invitados a presentar sus trabajos
en forma de articulo cientifico en el proximo nime-
ro de nuestra revista.

So6lo me queda felicitar por su esfuerzo a los
miembros del comité organizador, a los coordinado-
res de sesion y, en general, a todos los participantes
gue se han animado a aportar sus trabajos. Reunirme,
una vez mas, con todos ellos en Barcelona los dias 21
y 22 de febrero sera una satisfaccion y un privilegio.
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REVISIONES

Protedmica aplicada al estudio bioquimico de las plaquetas sanguineas y sus

vias de activacion

Garcia A.

Investigador Ramoén y Cajal. Dpto de Farmacologia; Universidad de Santiago de Compostela. Edificio
CACTUS; Campus Universitario Sur; 15782 Santiago de Compostela; e-mail: agarcia@usc.es

Resumen

Las plaquetas son pequefias células carentes de nucleo que circulan en la sangre par-
ticipando en la formacién de coagulos en lugares de dafio vascular. Desde un punto de
vista patoldgico, la activacion plaguetaria indeseada estd asociada con las enfermedades
tromboticas y cardiovasculares, hoy reconocidas como las principales causantes de muerte
en el mundo occidental. EI hecho de que las plaquetas carezcan de ndcleo, y por tanto de
informacién gendmica relevante, hace de la proteémica una tecnologia ideal para abordar su
bioquimica. En los ultimos afios se ha progresado de forma significativa en la elucidacién del
proteoma de las plaquetas humanas en estado basal o no activado. Ademas, diversos grupos
de investigacion se han centrado en aplicar la protedmica al estudio de las principales vias de
sefializacion responsables de la activacion plaquetaria, lo que ha permitido la identificacion
de nuevas proteinas de sefializacion y membrana. En paralelo, también se ha analizado el
fosfoproteoma y el secretoma de las plaquetas activadas. De esta manera, se estan constru-
yendo las bases para que en un futuro préximo la protedmica de plaquetas pueda contribuir
al descubrimiento de nuevos biomarcadores y objetivos terapéuticos que permitan un mejor
diagnostico y tratamiento de las enfermedades cardiovasculares. Este articulo revisara los
Gltimos avances centrados en la aplicacion de la protedmica al estudio de la biologia de las

plaquetas.
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Plaquetas, vias de sefializacion intracelular, 2-DE, LC-MS/MS, fosfoproteoma.

I. Las plaquetas como objetivo
farmacologico

Las plaquetas son pequefias células sin ndcleo
que juegan un papel fundamental a la hora de salvar
la vida al dar lugar a la formacion de coagulos san-
guineos en lugares de dafio vascular. Las plaquetas se
originan a partir de la fragmentacion citoplasmatica
de los megacariocitos, células gigantes presentes en
la médula dsea. En condiciones normales, las plaque-
tas circulan como células quiescentes en la corriente
sanguinea durante unos diez dias, a una concentra-
cién media de 150-400 x 10%L, con minimas interac-
ciones con otros componentes de la sangre y las pa-
redes de los vasos sanguineos. Sin embargo, cuando
la situacion lo requiere y hay estimulos suficientes,

las plaquetas pueden reclutar toda una artilleria de
recursos anatomicos y funcionales para dar lugar a
un coagulo hemostético, y de esa manera contribuir
al cicatrizado de una herida. Asi, cuando se dafia el
endotelio de un vaso sanguineo, componentes de
la matriz extracelular, como el colageno, se unen a
receptores en la superficie de las plaquetas, activando
vias de sefializacion intracelular que finalmente dan
lugar a una reorganizacion del citoesqueleto — lo que
conlleva cambios morfol6gicos rapidos y espectacu-
lares - , agregacion plaguetaria, y secrecion granular
(Watson et al., 2001; Garcia et al., 2005).

Desde un punto de vista patoldgico, la activa-
cion plaguetaria indeseada y la correspondiente for-
macidén de trombos arteriales estan implicadas en el
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origen del infarto de miocardio y otras enfermedades
trombdticas y cardiovasculares. Asi, la aceptacion
de que las plaquetas juegan un papel fundamental en
la patogénesis de la aterosclerosis ha revolucionado
el tratamiento farmacol6gico de las enfermedades
cardiovasculares, y de hecho la aspirina es hoy en
dia un farmaco antiplaquetario esencial. También se
han desarrollado con éxito otros farmacos basados
en antagonistas de importantes receptores plaque-
tarios (Mehta et al., 2001). En cualquier caso, la
busqueda de farmacos antiplaquetarios mejores y
mas seguros — minimizando los efectos secundarios
—asi como de biomarcadores que permitan predecir
la susceptibilidad a padecer una enfermedad cardio-
vascular, es hoy en dia una de las areas mas potentes
en la investigacion bésica y clinica (Morrow et al.,
2007; Vasan, 2006).

Dado que las plagquetas carecen de nucleo, el
analisis del proteoma es la mejor manera de abor-
dar su bioguimica. Los andlisis del genoma y del
transcriptoma estan limitados por los bajos niveles
de ARNm presentes, y aungue hay estudios recien-
tes que han abordado el estudio del trascriptoma
de las plaquetas y de sus células precursoras, los
megacariocitos, que han encontrado una correlacion
entre los ARNm y las proteinas mas abundantes
(McRedmon et al., 2004; Garcia et al., Platelets
2007), el analisis molecular del transcriptoma de las
plaquetas esta limitado por el constante decaimiento
de ARNm en ausencia de nueva trascripcion génica,
lo que limita la identificacion de trascritos poco
abundantes (Gnatenko et al., 2003).

I1. Analisis del proteoma de las plaquetas

A. Preparacion de muestra

Las plaguetas son un buen objetivo para un es-
tudio por protedbmica dado que no tienen nicleo y
se pueden obtener a partir de la sangre con un gran
rendimiento y pureza. A partir de 100 mL de sangre
se pueden obtener aproximadamente 2 x 10 pla-
quetas, a partir de las cuales es posible obtener entre
16 y 24 mg de proteina, dependiendo del método
de extraccion utilizado. A modo de ejemplo, un gel
bidimensional de alta resolucién (18 x 18 cm) nece-
sita del orden de 700 ug de proteina para un anélisis
adecuado; por lo tanto no es necesario partir de un
volumen elevado de sangre.

El método utilizado para el aislamiento de las
plaquetas es crucial. El objetivo es obtener una
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muestra de alta pureza minimizando la activacion
plaguetaria. Es asi mismo importante minimizar
la contaminacion de la muestra con otras células
sanguineas, como glébulos rojos y leucocitos, asi
como con plasma, para evitar la interferencia cau-
sada por proteinas ajenas a las plaquetas. Dichas
contaminaciones se pueden evitar cogiendo sélo la
mitad superior del plasma rico en plaquetas (PRP)
y usando filtros para eliminar leucocitos. La pureza
de las plaquetas aisladas se puede estimar mediante
inspeccion microscopica y por la ausencia de pro-
teinas especificas de otras células sanguineas, como
las globinas (Garcia et al., 2005).

Es esencial extremar las precauciones para evi-
tar la activacion espontanea de las plaquetas durante
su aislamiento. Sin embargo, no hay un método
estandar aceptado de aislamiento, y es probable que
variables como la eleccion de anticoagulante, el
tampdn de extraccién, las velocidades de centrifu-
gacion, y la metodologia en general, influyan en la
naturaleza del proteoma obtenido. El protocolo a
utilizar variard dependiendo de si se quiere trabajar
con lisados celulares totales o con subproteomas
(estudios de organelas, proteinas de membrana, se-
cretomas, etc.). Otro tema fundamental es la mejora
y estandarizacion de las condiciones de extraccion
de proteina. EI método de extraccion de proteina a
utilizar, incluyendo el tamp6n donde las proteinas se
disuelven para su separacion / analisis, varia depen-
diendo de la aproximacion experimental para el ana-
lisis protedmico. En general, es importante el usar
inhibidores de proteasas y fosfatasas, asi como evitar
la presencia de sales, lipidos y acidos nucleicos en la
muestra final, lo que es especialmente relevante si el
analisis protedmico se va a basar en electroforesis
bidimensional (2-DE). Para obtener una muestra de
proteina de alta pureza y mejorar la calidad de los
geles 2D, especialmente en la regién mas basica,
es recomendable el llevar a cabo una precipitacion
de proteinas seguida de una eliminacion de lipidos.
Una opcidn preferida — especialmente para el anéli-
sis de proteinas intracelulares mediante 2-DE - es el
lisado de las plaquetas en nitrégeno liquido seguido
de una precipitacion de proteinas con &cido tricloro-
acético (TCA) y acetona en presencia de inhibidores
de proteasas. El precipitado de proteinas se lava a
continuacion con acetona fria para eliminar lipidos
y se disuelve en un tampo6n adecuado para el enfo-
que isoeléctrico (primera dimension de la 2-DE),
de manera que permita conservar la carga nativa
de las proteinas (Garcia et al., 2004a). Conviene
resaltar que la preparacion de la muestra 'y el tampon
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utilizado para disolver las proteinas suelen variar
entre grupos de investigacion, lo que influye en la
inter-reproducibilidad de los andlisis entre distintos
laboratorios.

B. Analisis del proteoma de las plaquetas en
estado basal

La electroforesis bidimensional lleva emplean-
dose en el estudio de la biologia de las plaguetas
durante mas de 30 afios (Garcia et al., 2007). Sin
embargo, no fue hasta el afio 2000 cuando se ini-
cio el salto hacia delante que supuso el empezar a
aplicar la espectrometria de masas al estudio del
proteoma de las plaquetas, sacando partido al desa-
rrollo que para la espectrometria de masas supuso
el descubrimiento a finales de los 80s de métodos
“blandos” de ionizacion de biomoléculas como el
MALDI y el electrospray (Karas y Hillenkamp,
1988; Fenn et al., 1989; Aebersold y Mann, 2003).
Fue a partir de entonces cuando se inici6 el campo
de la proteémica de plaquetas. En un primer estudio
se identificaron 186 proteinas mediante MALDI-
TOF, tras su separacion mediante 2-DE, lo que tam-
bién permitio obtener el primer mapa del proteoma
de las plaquetas en un rango de pl de 3 a 10 (Mar-
cus et al., 2000). Este primer trabajo fue enseguida
superado por las investigaciones que llevamos a
cabo en el Glycobiology Institute de la Universidad
de Oxford, que condujeron entre los afios 2002 y
2004 a la publicacion del estudio méas exhaustivo
del proteoma de las plaquetas humanas jamas rea-
lizado mediante 2-DE, permitiendo la obtencion de
un mapa con mas de 2000 proteinas. Para ello, las
proteinas fueron separadas mediante 2-DE, usando
geles zoom con un gradiente estrecho de pH para el
enfoque isoeléctrico (4-5, 5-6, 4-7, y 6-11) y geles
en gradiente 9-16% (18 x 18 cm) para la segunda
dimension (SDS-PAGE) (Figura 1). Los geles se
tifieron con una tincion fluorescente altamente sen-
sible, y los correspondientes spots con las proteinas
de interés fueron cortados y las proteinas digeridas
en el propio gel con tripsina antes de ser analizadas
mediante LC-MS/MS. En total se identificaron mas
de 1000 proteinas correspondientes a 411 genes
diferentes. El principal grupo de proteinas identifi-
cado se correspondio con proteinas de sefializacion
(24%), y cabe resaltar que un 45% de las proteinas
identificadas no habian sido descritas en plaquetas
con anterioridad, lo que indicaba el gran potencial
de la proteémica para el estudio bioquimico de las
plaquetas (O"Neill et al., 2002; Garcia et al., 2004a).
La identificacion de un alto porcentaje de proteinas
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de sefializacion supuso un impulso a la utilizacion
de la protedmica para el estudio de la activacion
plaquetaria a nivel molecular, tal y como se repasara
maés adelante.

Figura 1. Analisis del proteoma de las plaquetas humanas
mediante 2-DE. Se muestran los geles de pl 4-5, 5-6, 4-7,y
6-11. Las proteinas se identificaron mediante espectrometria
de masas y se pueden consultar en la pagina www.bioch.
ox.ac.uk/glycob/ogp. (Figura publicada originalmente en
Mass Spectrometry Reviews. “Garcia A, Watson S P, Dwek
R A, Zitzmann N. 2005. Applying proteomics technology
to platelet research. Mass spectrometry reviews 24:918-
930”. Copyright Wiley-VCH Verlag GmbH & Co. KGaA.
Reproducida con permiso).

Un subgrupo de proteinas deficientemente
analizado mediante 2-DE es el de las proteinas de
membrana, principalmente debido a los conocidos
problemas de solubilizacion de dichas proteinas en
el tampon utilizado para la separacion por enfoque
isoeléctrico (primera dimension). Aproximadamente
un 30% de todas las proteinas se pueden descri-
bir como de membrana; sin embargo, s6lo un 3%
de las proteinas identificadas en los estudios de la
Universidad de Oxford se correspondian con esa
subclase. Uno de los métodos alternativos al 2-DE
desarrollados recientemente es el llamado “com-
bined fraccional diagonal chromatography” (CO-
FRADIC). Este método se basa en una reaccién de
modificacion que altera el tiempo de retencion de
determinados péptidos (N-terminales, con cisteinas
0 con metioninas) en la columna de fase reversa en
el nano HPLC previo al analisis por espectrometria
de masas en tindem (MS/MS). Este procedimiento
es aproximadamente 100 veces mas sensible que el
andlisis basado en 2-DE y se puede llevar a cabo de
una manera totalmente automatizada (Gevaert et
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al., 2003). La tecnologia COFRADIC se ha aplicado
al estudio del proteoma general de las plaguetas,
permitiendo la identificacion de un total de 641
proteinas, el grupo méas extenso jamas identificado
hasta el afo 2005, destacando la identificacion de
un considerable nimero de proteinas de membrana
(Martens et al., 2005). Es precisamente esto Ulti-
mo una de las principales ventajas de la tecnologia
COFRADIC respecto a la 2-DE. Una desventaja a
resaltar seria la falta de informacion sobre el pl de
las proteinas identificadas, lo que dificulta el anéli-
sis de modificaciones post-traduccionales (PTMs).
Sin embargo, ambos métodos son complementarios,
poniéndose de manifiesto que los métodos de sepa-
racion “libres de geles” son capaces de solventar
algunas de las limitaciones de la 2-DE.

C. Prefraccionamiento subcelular combinado
con 1D-SDS-PAGE: anélisis de proteinas de
membrana

Una de las mejores maneras de incrementar
la cobertura del analisis del proteoma consiste en
combinar estrategias de prefraccionamiento de las
muestras con anterioridad a la electroforesis y al
analisis por LC-MS/MS. Entre los principales mé-
todos de prefraccionamiento se encuentran el uso de
disoluciones de extraccion mas o menos potentes,
precipitacion selectiva, purificacion por afinidad de
proteinas individuales o de un complejo de proteinas,
métodos de separacion cromatogréfica, eliminacion
de las proteinas mas abundantes para mejorar la de-
teccion de las més escasas, y prefraccionamiento
subcelular (Garcia et al., 2005). La combinacion de
estas estrategias con la separacion mediante 1D-SDS-
PAGE permite la identificacion de muchas proteinas
gue son dificiles de analizar mediante 2-DE, como
es el caso de las proteinas de membrana. Aproxi-
madamente el 70% de las dianas farmacoldgicas
existentes son proteinas de la membrana plasmética
(Hopkins y Groom, 2002). Asi pues, el mapeo de
la superficie de las plaquetas podria contribuir a la
identificacion de nuevos objetivos farmacol6gicos y
a un mejor conocimiento de los complejos de sefia-
lizacién anclados a la parte interior de dicha superfi-
cie. En los Gltimos afios, dos grupos de investigacion
han liderado el estudio de proteinas de membrana
en plaquetas. En 2005, el grupo de Sickmann y co-
laboradores present6 un primer estudio en el cual
llevaron a cabo un prefraccionamiento y purificacion
de membranas a partir de plaquetas humanas, basado
en un gradiente de sorbitol, lo que les permitio des-
hacerse de las proteinas del citoesqueleto, altamen-
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te abundantes en las plaquetas. Asi se obtuvo una
fraccidn enriquecida en proteinas de membrana, que
fue estudiada mediante separacion de las proteinas
por 1D-SDS-PAGE y posterior analisis por nano-
LC-ESI-MS/MS (Moebius et al., 2005). De las 297
proteinas identificadas en este estudio, 83 (28%) se
correspondieron a proteinas de membrana, lo que in-
dica el éxito del método en relacion con los estudios
antes mencionados basados en 2-DE. Este primer
estudio fue complementado mas recientemente con
otro en el que la fraccidn enriquecida en proteinas
de membrana fue obtenida mediante particion acuo-
sa en dos fases, una conteniendo PEG 3350 y otra
dextrano T500, seguida de prefraccionamiento en
HPLC por columna de intercambio catidnico, para
centrarse en el analisis de proteinas glicosiladas - ya
gue el mapeo de lugares de N-glicosilacion en pro-
teinas de membrana era el objetivo fundamental del
trabajo — y analisis mediante nano-LC-ESI-MS/MS
(Lewandrowski et al., 2007). Asi se identificaron 148
lugares de glicosilacion en 79 proteinas diferentes,
89% de las cuales eran proteinas de membrana (64%
de membrana plasmaética).

Recientemente, Senis y colaboradores emplea-
ron un abordaje global para el estudio del proteoma
de la superficie de las plaguetas humanas mediante
proteémica. Dicho abordaje se basé en la utilizacion
de tres métodos diferentes para obtener fracciones
enriquecidas en proteinas de membrana plasmatica
previo a su separacion por 1D-SDS-PAGE e identi-
ficacion por LC-MS/MS: cromatografia de afinidad
por lectinas, cromatografia de afinidad biotin/Neu-
trAvidin, y electroforesis de flujo libre. Cada método
permitio la identificacion de proteinas de membrana
desconocidas hasta entonces en plaquetas. A modo
de ejemplo, que fue validado mediante el desarro-
llo de anticuerpos para estudios bioquimicos mas
detallados, se identificd la proteina G6b-B. Dichos
estudios demostraron que esta proteina se fosforila
en residuos tirosina y se asocia con la fosfatasa con
dominios SH2, SHP-1, en plaquetas estimuladas lo
gue sugiere gque puede jugar un papel novedoso limi-
tando la activacion plaquetaria (Senis et al., 2007).

D. Anélisis del secretoma de las plaquetas

La combinacién de cromatografia liquida bidi-
mensional (LC/LC) — donde los péptidos se separan
en dos dimensiones mediante cromatografia de in-
tercambio catidnico y fase reversa — y MS/MS, ha
sido clave para la caracterizacion del secretoma de
las plaquetas recientemente llevado a cabo por Co-
ppinger y col. (Coppinger et al., 2004). Para dicho
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analisis, las plaquetas fueron primeramente estimu-
ladas con trombina (0.5 U/mL durante 3 min) para
conseguir la maxima secrecion posible a partir de
los granulos internos. La obtencion de la fraccion
correspondiente a las proteinas liberadas tras la esti-
mulacion se consiguié mediante centrifugacion. Las
proteinas fueron a continuacion digeridas con tripsi-
na y la correspondiente mezcla peptidica analizada
por LC/LC — MS/MS. El experimento se repiti6 tres
veces, permitiendo la deteccion de forma consistente
de 81 proteinas, consiguiéndose un éxito en cuanto
a la reproducibilidad del analisis de un 80%. Cabe
destacar que algunas de las proteinas identificadas no
habian sido descritas en plaquetas con anterioridad,
y que tres de ellas — secretogranin 11, cyclophilin A,
y calumenin — aparte de estar presentes en plaquetas,
se identificaron de forma especifica en lesiones ate-
roscleréticas humanas, lo que indica el potencial del
estudio desde un punto de vista clinico.

E. Andlisis de vias de sefializacion intracelular:
el proteoma de las plaquetas activadas

El proteoma de una célula puede sufrir cambios
considerables con el paso del tiempo y en respuesta
a estimulaciones puntuales. En el caso de las pla-
quetas, los mayores cambios en su proteoma tras su
activacién se deben a PTMs, ya que las plaguetas
tienen una capacidad muy limitada de sintetizar
proteinas de novo. Una de las principales PTMs es
la fosforilacion de las proteinas en residuos serina,
treonina, o tirosina, ya que dichas fosforilaciones
modulan cascadas de sefializacién intracelular en
las plaquetas — responsables de la accion biol6gi-
ca de las mismas. El estudio del proteoma de las
principales cascadas de sefializacién debe aportar
informacion relevante sobre los mecanismos mo-
leculares que regulan la activacion plaquetaria, con
las consiguientes implicaciones desde un punto de
vista farmacoldgico.

Unos cuantos grupos de investigacion se han de-
dicado a estudiar durante los ultimos afios el proteo-
ma de las plaquetas humanas activadas. La mayoria
de los estudios se han centrado en el proteoma de las
plaquetas activadas con trombina, uno de los méas po-
derosos agonistas plaquetarios. Aungue la trombina
activa principalmente serina y treonina quinasas, y
maés débilmente tirosina quinasas, la baja eficiencia
de anticuerpos anti serina y treonina para estudios
por proteémica basados en inmunoprecipitaciones,
hizo que varios de los estudios se centrasen en estu-
diar el fosfoproteoma - basado en tirosinas — de las
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plaquetas activadas con trombina (Maguire et al.,
2002; Marcus et al., 2003). Estos estudios se basaron
en 1D-SDS-PAGE y 2-DE para la separacién de las
fosfoproteinas, y MALDI-TOF MS y LC-MS/MS
para el andlisis de las mismas. Se trata de trabajos
fundamentalmente descriptivos, que abrieron el ca-
mino para futuras investigaciones, pero en los que
no se profundizo en el significado bioldgico de los
hallazgos obtenidos mediante proteémica.

En el grupo de proteémica del Oxford Glycobio-
logy Institute, del Departamento de Bioquimica de
la Universidad de Oxford (Reino Unido), nos hemos
centrado en los ultimos afios en el analisis de las
principales vias de activacion en plaquetas, comen-
zando por la activacion del receptor de trombina en
humanos, PAR-1. En este primer trabajo, se abor-
do el estudio del proteoma de plaquetas activadas
con thrombin receptor activating peptide (TRAP),
agonista especifico de PAR-1, comparado con el
de plaquetas sin activar (Garcia et al., 2004b). El
estudio proteémico se llevo a cabo en condiciones
de inhibicién de la agregacion plaquetaria, y estuvo
basado en 2-DE y MS (Figura 2).

Figura 2. Disefio experimental de un analisis protedmico
mediante 2-DE para estudiar vias de sefializacion
intracelular en plaquetas. Las proteinas procedentes de
plaquetas basales y activadas son separadas mediante
geles bidimensionales zoom (rango estrecho de pH). Tras
un minucioso andlisis de imagen diferencial, comparando
los distintos grupos de geles, los spots de interés son
extraidos del gel y las proteinas digeridas con tripsina. Las
proteinas son identificadas por espectrometria de masas,
idealmente LC-MS/MS. (Figura publicada originalmente en
Mass Spectrometry Reviews. “Garcia A, Watson S P, Dwek
R A, Zitzmann N. 2005. Applying proteomics technology
to platelet research. Mass spectrometry reviews 24:918-
930”. Copyright Wiley-VCH Verlag GmbH & Co. KGaA.
Reproducida con permiso).
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Asi se identificaron 41 proteinas, correspondien-
tes a 31 genes diferentes, que se regulaban diferen-
cialmente tras estimular las plaquetas con TRAP.
La mayor parte de dichas proteinas se correspondia
con proteinas de sefializacion — como era de esperar
— incluyendo varias cuya presencia en la cascada de
sefializacion de PAR-1 y en las plaquetas en gene-
ral era desconocida. Las proteinas mas interesantes
fueron validadas mediante experimentos clasicos de
bioguimica y biologia molecular basados en el uso de
anticuerpos especificos. A modo de ejemplo, se iden-
tifico la proteina adaptadora downstream of tyrosine
kinases-2 (Dok-2), que se comprob6 se fosforilaba
en residuos tyrosina en respuesta a la estimulacion
de las plaguetas con TRAP. Se comprob6 que dicha
fosforilacion se potenciaba de forma significativa
mediante sefializacion “de afuera hacia adentro” a
través de la integrina a.l1bp3 (principal receptor res-
ponsable de la agregacion plaquetaria). Ademas, los
estudios funcionales llevados a cabo revelaron la im-
plicacion de Dok-2 en otras cascadas de sefializacion,
con la posibilidad de jugar un papel relevante en la
activacion plaquetaria. Este trabajo marcé la pauta
a seguir para estudiar mediante proteémica vias de
sefializacién en plaquetas, ilustrando como la prote6-
mica puede ser muy relevante para la adquisicién de
informacion valiosa en este campo (Weyrich et al.,
2004). Siguiendo en esta linea, llevamos a cabo el es-
tudio por proteémica mas detallado jamas realizado
sobre la cascada de sefializacion de la glicoproteina
VI (GPVI), el principal receptor responsable de la
activacion de las plagquetas por colageno (Garcia et
al., 2006). Se trat6 de un abordaje global en el que
las plaquetas fueron activadas con collagen-related
peptide (CRP), un agonista especifico para GPVI.
Se comparo6 el proteoma de las plaquetas activa-
das y sin activar, centrandose el estudio en aquellas
proteinas fosforiladas en residuos tirosina, ya que
la mayoria de las proteinas conocidas de la via de
sefializacion de GPVI son de este tipo. El abordaje
experimental se baso en 2-DE y MS por un lado, e
inmunoprecipitaciones con un anticuerpo especifi-
co para fosfotirosina, seguidas de 1D-SDS-PAGE,
tincion para fosfoproteinas y MS por el otro (Figura
3). De esta manera, se identificaron 96 proteinas que
varian en respuesta a la activacion de las plaquetas
con CRP, incluyendo 11 nuevas. Cabe destacar que
este estudio permitio identificar en una sola vez casi
todas las proteinas conocidas que participan en la
viay algunas nuevas, como la proteina de membrana
G6f, sobre las cuales se llevé a cabo una investiga-
cion mas en detalle. En el caso de G6f, se vio que
se fosforilaba en la Tyr-281 en respuesta a CRP y
que dicha fosforilacion permitia la unién de dicha
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proteina a Grb2, una proteina adaptadora de especial
relevancia en la via de GPVI. Esto abri6 nuevas vias
de investigacion sobre el significado biolégico de
G6f, que se estan explorando en la actualidad.

Figura 3. Andlisis de las proteinas fosforiladas en tirosina
tras estimular las plaquetas con CRP. (A) lzquierda, tincion
proteica total (fluorescente) de un gel 4-12% NuPAGE Bis-
Tris donde se aprecian las proteinas inmunoprecipitadas con
el anticuerpo anti-fosfotirosina 4G10 (Upstate) en plaquetas
basales y estimuladas con CRP (las flechas indican las
bandas correspondientes a las cadenas ligera y pesada de
la IgG); derecha, tincidn de un gel equivalente visualizando
solo las fosfoproteinas (tincion con Pro-Q Diamond). Las
bandas indicadas fueron extraidas del gel para su analisis.
Las proteinas identificadas se pueden consultar en Garcia
et al., 2006. (B) Similar a (A) pero en vez de tefiir el gel, las
proteinas fueron transferidas a una membrana de PVDF
(western blo), para visualizar las proteinas fosforiladas
en residuos tirosina. B, plaquetas basales; CRP, plaquetas
estimuladas con Collagen-related peptide (10 ug/mL, 90 s);
IB, inmunoblot; IP, inmunoprecipitacion; TP, proteina total.
(Figura publicada originalmente en Proteomics. “Garcia
A, Senis Y A, Antrobus R, Hughes C E, et al. 2006. A global
proteomics approach identifies novel phosphorylated
signaling proteins in GPV-activated platelets: involvement
of G6f, a novel platelet Grb2-binding membrane adapter.
Proteomics 6:5332-5343”". Copyright Wiley-VCH Verlag
GmbH & Co. KGaA. Reproducida con permiso).

Recientemente continuamos con la linea de
investigacion antes mencionada gracias a una co-
laboracion entre las Universidades de Santiago de
Compostela, Oxford y Birmingham. En la actualidad
estamos analizando el proteoma de plaquetas adheri-
das a fibrindgeno (via de sefializacion de la integrina
allbB3), trabajando con plaquetas procedentes de in-
dividuos sanos y con enfermedades cardiovasculares
(Senis y Garcia, resultados no publicados).

I11. Conclusiones y perspectivas futuras

Esta revision ha puesto de manifiesto como en
los Gltimos afos la protedmica ha contribuido a un
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mejor conocimiento sobre la biologia de las pla-
guetas, especialmente en lo que se refiere a analisis
diferenciales que han permitido estudiar vias de se-
fializacion intracelular o las proteinas liberadas por
las plaquetas tras su activacion. Por supuesto ello
no habria sido posible sin los grandes avances que
en los ultimos afios se han llevado a cabo con la se-
cuenciacion del genoma humano y el desarrollo de
la protedmica basada en la espectrometria de masas.
Es previsible que en el futuro dichos avances conti-
nlen y que disminuyan los trabajos centrados en un
mapeo general del proteoma y aumenten aquellos
maés especificos que hagan uso de la protedmica,
combinada con métodos clasicos de bioquimica y
biologia molecular, para estudiar procesos biolé-
gicos concretos relevantes para las plaquetas. Asi
mismo, es esperable que la proteébmica de plaguetas
pueda ser aplicada de forma eficiente a la investiga-
cion traslacional. Ello so6lo sera posible si investiga-
cién clinica y basica caminan de la mano para poder
llevar a cabo estudios coherentes, reproducibles y
que ofrezcan resultados relevantes desde un punto
de vista biomédico.

En resumen, estamos ante un futuro prometedor
para la protedmica aplicada a la investigacion sobre
plaquetas, y cardiovascular en general. Los avances
recientes en este joven campo de investigacion, y los
que tendran lugar en un futuro proximo, permitiran
aumentar nuestro conocimiento sobre los mecanis-
mos de activacién plaguetaria e identificar nuevos
biomarcadores y objetivos terapéuticos que mejoren
el diagnostico y tratamiento de las enfermedades
tromboticas y cardiovasculares.
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1. PROTEOMICA CUANTITATIVA

HPLC-Chip/MS: una nueva herramienta de Agilent Technologies para mejorar
la cuantificacion y expresion diferencial de peptidos y proteinas mediante nano-

LC/MS.

Masana .

Agilent Technologies

Introduccion

La sensibilidad y robustez de los sistemas ana-
liticos utilizados es un aspecto clave para la cuanti-
ficacién y evaluacion de niveles de expresion dife-
rencial. Los actuales sistemas de Jano-cromatografia
(columnas 50-100um de diametro interno) acoplada
a espectrometria de masas mejoran muy considera-
blemente la sensibilidad con respecto a los sistemas
con columnas de mayor diametro (0.2-4.6mm d.i.),
pero su robustez es bastante delicada y requiere de
usuarios con experiencia.

Descripcion tecnologia HPLC-Chip/MS

La nano-tecnologia HPLC-Chip/MS desarrolla-
da por Agilent Technologies, solventa los inconve-
nientes descritos y proporciona una muy eficiente
y robusta separacion e ionizacion de la muestra.
Utiliza la tecnologia de microfluidica desarrollada
por HP/Agilent para impresoras de chorro de tinta,
y consigue incluir en un Chip (del tamafio similar
de una tarjeta de crédito):

- Nano-columna (75um.) y pre-columna para
preconcentracion de la muestra.

- Punta emisora para la formacion del nano-
Spray e ionizacion de la muestra.

- Todas las conexiones microfluidicas y eléc-
tricas necesarias.

La eliminacién de volimenes muertos y utiliza-
cion de un material muy inerte, proporcionan picos
muy simétricos que mejoran la calidad de la separa-
cion cromatogréfica, su sensibilidad y repetitiibili-
dad cuantitativa (asociada también a una excelente
estabilidad del nano-Spray formado y a una exce-
lente respuesta incluso con eluyentes acuosos). La

automatizacion del proceso de establecimiento de
conexiones fluidicas y de la insercién del Chip en la
fuente Nano-Electrospray incorporada proporcionan
una facil y robusta operacion del mismo. El sistema
también permite la utilizacién de nano-columnas
convencionales o la infusion de la muestra.

Resultados

El acoplamiento del HPLC-CHIP a un espec-
trometro de masas tipo QTOF permitird obtener
espectros de MS y MS/MS con “masa exacta” a
muy bajos niveles de femtomoles inyectados en
columna. Como se puede observar en la compara-
cion del espectro MS/MS de 1 fmol de un péptido
marcado isotépicamente con respecto a 100 fmol
del péptido sin marcar. No obstante, si el objetivo
es el conseguir la méxima sensibilidad en la cuan-
tificacion de péptidos concretos en digestiones de
complejas mezclas de proteinas, el acoplamiento
HPLC-Chip/QqQ permitira detectar niveles bajos
de atomoles con una buena repetitibilidad, como
se puede observar en la superposicion adjunta de 3
cromatogramas MS/MS a nivel de 40 atomoles.
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Quantification of ceramide molecular species in total lipid extracts of white

adipose tissue by shotgun lipidomics

Bonzon-Kulichenko E', Schwudke D?, Ejsing CS? Sampaio J?, Gallardo N!, Andres At

Shevchenko AZ2.
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University of Castilla-La Mancha, 13071 Ciudad Real, Spain. 2Max Plank Institute of Molecular Cell
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Introduction

Ceramides are low abundant lipids that mediate
diverse biological processes such as cell cycle, diffe-
rentiation and apoptosis. Ceramides usually consist of
a long-chain amino alcohol generally referred to as a
“sphingoid base” and an amide-linked long-chain fatty
acid (Merrill & Sweeley, 1996). ESI/MS has been
widely used to directly quantitate molecular species
of many classes in lipid extracts of biological samples
(Han & Gross, 2003). However, the quantification of
low abundant lipids is still a challenge. Herein we
present a shotgun lipidomic approach for the charac-
terization and quantification of ceramide lipids in total
extracts of white adipose tissue (WAT).

Material and methods

Total lipid extracts were obtained out of 20 mg rat
WAT by Folch. Acylglycerides, which constitute more
than 90% of the lipid contents of this tissue and inter-
fere with the ESI-MS analysis of the mixture by su-
ppressing the signal, were removed from the total lipid
extracts by TLC, and ceramides were extracted from
TLC bands by Folch (Fig.A, Inset). Ceramide mole-
cular species precursors were then readily identified in
positive ion mode by the 18-carbon sphingosine base
specific product ions m/z 252.27, 264.27 and 282.27
(Gu et al., 1997) (Fig.B) on a hybrid QSTAR pulsar
i instrument equipped with an automated nanoflow
ion source NanoMate HD System. Six endogenous
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ceramide species (Cerl16:0, 18:0, 20:0, 22:0, 24:1 and
24:0) were detected using multiple reactions monito-
ring (MRM). Absolute quantification was performed
by addition of non-naturally occurring Cer 17:0 as
internal standard prior to extraction. The method was
proven to be linear between 1 and 200 nM.

Results

The total ceramide content in rat WAT was
approximately 35 pmol/mg of tissue, from which
the most abundant were Cer 24:0 (m/z 650.6), Cer
16:0 (m/z 538.6) and Cer 24:1 (m/z 648.6), repre-
senting ca. 38, 28 and 20%, respectively, from the
total ceramide content.

Conclusions

This rapid methodology might be applied to the
study of the role of ceramides in WAT metabolism,
and could have important implications for obesity
and type 1l diabetes research.
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Figure. (A) Representative survey TOF MS spectrum of a
ceramide band obtained from a lipid extract of rat WAT by
preparative TLC. The m/z of prospective ceramide precursors
are designated by vertical bars. Inset: a schematic TLC run
with hexane/etylacetate (5/1, v/v) with assigned bands of
various lipid classes. (B) MS/MS spectrum acquired from
the precursor with m/z 538.6 (Cer 16:0). The ceramide-
specific fragments m/z 252.27, 264.27, 282.27 used for the
quantification are designated with arrows in the inset.

Andlisis diferencial del proteoma de dos cepas de Aspergillus carbonarius con diferente
nivel de produccién de ocratoxina a mediante elecroforesis bidimensional
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Introduccion

La ocratoxina A (OTA) es una micotoxina pro-
ducida por algunas especies de hongos de los gé-

neros Aspergillus y Penicillium. Dicha micotoxina
presenta propiedades carcinogénicas, nefrotdxicas,
teratogénicas y neurotoxicas (Bacha et al., 1993).
La ingesta mas importante de OTA proviene de los
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cereales, sin embargo, recientemente se han detecta-
do grandes concentraciones de OTA en vino, zumo
de uva, uvas pasas, cacao, café, cerveza y especias
(Abarca et al., 1994; Battilani y Pietri, 2002; Caba-
fies et al., 2002; Taniwaki et al., 2003).

Los ultimos estudios demuestran que las espe-
cies de Aspergillus de la seccion Nigri (Aspergillus
negros) son la principal fuente de contaminacion
por OTA de muchos de estos alimentos (Cabaries
et al., 2002), siendo A. carbonarius la especie con
mayor porcentaje de cepas ocratoxigénicas (Belli
et al., 2004). Este trabajo de investigacion pretende
ampliar el conocimiento existente a cerca de las
rutas metabdlicas implicadas en la produccion de la
micotoxina a través del estudio diferencial de dos
proteomas de Aspergillus carbonarius correspon-
dientes a una cepa altamente productora y otra que
presenta muy escasa produccion de OTA.

Material y métodos

- Extraccién de proteinas con fenol: Nos
basamos en un protocolo disefiado para la
extraccion de proteinas de tejidos vegetales
(Hurkmand y Tanaka, 1986) y se realiza-
ron algunas modificaciones. Se trituraron
finamente en un mortero 2 g de micelio,
previamente crecido en placas con CYA,
congelado a -80 °C. Se afiadieron 6 ml de
tampdn de extraccion (0.7 M sacarosa, 0.1
mM PMSF, 2% p/v B-mercaptoetanol) y se
homogeneizaron 2 veces en con un politron
(20000 rpm 30 s). A continuacidn se afiadio
un volumen de fenol (pH 8) y se agitd a 4
°C durante 30 minutos. Seguidamente, se
centrifugd (10000 g, 15 minutos) y se reco-
gi6 la fase fendlica. Se repitio la extraccion
un total de tres veces. Se precipitaron las
proteinas a -20°C con 5 volimenes de 100
mM acetato amonico en metanol. Después,
se lavo el pellet 3 veces con metanol (-20
°C) y tres veces con acetona (-20 °C). El
pellet se resuspendié con tampon pre-l1EF
(7M urea, 2M tiourea, 1% p/v NP-40).

- Electroforesis bidimensional de proteinas:
Se cargaron 75 g de proteina total durante
la rehidratacion de los geles. Las proteinas
se separaron mediante isoelectroenfoque en
inmobilinas de 24 cm y rango de pH 4-7en
un IPGphor (GE Healthcare) con el siguien-
te programa: 0 a 500 V en 2 h, 500 a 1000
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V en 2 h, 1000 a 5000 V en 2h, 5000 a 8000
V en 4 hy 8000 V 8 h. Las proteinas se
separaron segln su masa en un SDS-PAGE
12.5 % acrilamida. Los geles se revelaron
mediante tincion de plata utilizando un pro-
tocolo compatible con espectrometria de
masas (Shevchenko et al., 1996).

- Analisis de los geles. Se analizaron me-
diante el programa PDQuest (BioRad) tres
réplicas de las dos cepas cuyo proteoma se
comparaba utilizando el criterio cuantitativo
de una diferencia de 2 veces en intensidad
y el estadistico t-student con un de 95% de
confianza para considerar un cambio como
significativo.

Resultados

La preparacion de los extractos de proteinas para
la electroforesis de geles bidimensionales es un paso
critico y esencial para la correcta resolucion de las pro-
teinas del extracto y la reproducibilidad de los resulta-
dos. La presencia en los hongos filamentosos de una
pared celular robusta y pigmentos de melanina influye
enormemente sobre ello. Inicialmente se emplearon
los protocolos de extraccién de proteinas descritos
en la bibliografia (Shimizu y Wariishi, 2005; Knie-
meyer et al., 2005) para hongos filamentosos. Estos
protocolos no resultaron apropiados para Aspergillus
carbonarius debido a la gran cantidad de pigmentos
de melanina que se extraen junto a las proteinas. La
extraccion de proteinas con fenol consigui6 que los
pigmentos no interfirieran en la migracion. Se obtuvo
un rendimiento de proteinas de 0,86 g/g de micelio y
se visualizaron un total de 960 spots/gel con amplio
rango de pesos moleculares y Pls (Figura 1).

La comparacion de los geles bidimensionales
realizados a partir de los extractos de proteinas del
micelio de las cepas productora y no productora per-
mitio la identificacién de 31 proteinas diferenciales
gue podrian tener implicacion en las rutas metabo-
licas de produccion de ocratoxina A.

Conclusiones

Se ha conseguido la separacién por electrofo-
resis bidimensional del proteoma de Aspergillus
carbonarius. La comparacion de los proteomas ob-
tenidos ha permitido detectar proteinas diferencia-
les potencialmente implicadas en la produccion de
ocratoxina A.
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Functional and quantitative proteomics using SILAC in cancer research

Luque-Garcia JL, Epifano C, Casal JI

Protein Technology Unit. Spanish National Cancer Research Center (CNIO)

In recent years, mass spectrometry-based pro-
teomics has emerged as a powerful tool in cancer
research and the importance of gquantitation stra-
tegies has become appreciated. Several methods
based on stable isotope coding and MS have been
established and have become increasingly popular
as alternatives to 2D-PAGE-based methods (Gorg
et al., 2005). Among these methods, stable-isotope
labeling by amino acids in cell culture (SILAC)
has shown great promise for the simultaneous
identification and quantitation of complex pro-
tein mixtures (Mann, 2006). Here we present two
applications of functional and quantitative proteo-
mics in cancer research. In the first approach, the
discovery of novel FGFR3-related effectors and
signaling mechanisms is being addressed. FGFR3
is one of the four receptor-tyrosine kinases that
respond to fibroblast growth factor (FGF) and its
overexpression has been related to bladder cancer,
cervical carcinomas and multiple myeloma. In our
experiments a bladder cancer cell line (RT112)
and the HEK293 cell line stably transfected with
FGFR3 are being used together with the SILAC
strategy to compare protein expression levels in
pY IPs from cells stimulated or unstimulated with

FGF9/heparine with the aim to propose a signa-
ling network for this receptor. This would help to
understand the role of FGFR3 in cancer and the
pathways that confer the oncogenic potential and
how they differ from the “healthy” situation. In
our second approach, two colorectal cancer cell
lines (KM12C and KM12SM) representing two
stages of cancer progression (metastatic vs. non-
metastatic) are being used to compare differences
in protein expression. The study has been focused
on the membrane proteome since 2/3 of the current
protein targets for drugs are membrane proteins.
Differentially expressed proteins are providing us
clues for the discovery of novel potential biomar-
kers and drug targets for colorectal cancer and
to better understand the mechanisms involved in
cancer progression.
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Aplicacion de iTRAQ para la caracterizacion del perfil protedmico en la pulpa
de la baya de uva de mesa (vitis vinifera cv. Moscatel de hamburgo)
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Introduccion

La baya de vid presenta una curva de creci-
miento doble sigmoidal, con un primer periodo de
formacién de las bayas que termina en el envero,
punto donde comienza la segunda fase de madura-
cion de las frutos (Coombe, 1976). Se ha analizado
cualitativamente mediante protedmica la pulpa de
la baya (Sarry et al, 2004), pero no se tienen datos
acerca del perfil cuantitativo de proteinas. Por tan-
to, nuestro trabajo es pionero en la aplicacion de
la técnica de protedmica cuantitativa iTRAQ para
caracterizar el perfil de proteinas de las bayas de
uva a lo largo de su desarrollo. Se han realizado dos
experimentos iTRAQ, uno con estadios maduros
y otro con estadios verdes con un punto comln de
pre-envero. La técnica iTRAQ nos va a permitir
identificar proteinas marcadores asociadas a los es-
tadios de desarrollo.

Material y métodos

- Material vegetal. Los estadios de las bayas
de uva (Vitis vinifera Moscatel de Hambur-
go) seleccionados fueron: cuajado, 4 mm,
7 mm, 15 mm, envero 100%, 110 g/l, 140
g/l.

- Preparacion de los extractos proteicos. Para
la extraccion de proteinas aplicamos una
modificacion del protocolo desarrollado por
Hurkman et al. basado en el uso del fenol
tris saturado (Hurkman y Tanaka, 1986).

- ITRAQ. A partir de las muestras analiza-
das se precipitaron 100 pg con acetona y
se procesaron aplicando una modificacién
del protocolo comercial recomendado por

Applied Biosystems (ABI). Se realiz6 una
cromatografia de intercambio cationico off-
line. Y se analizaron entre 18-20 fracciones
mediante LC-MS/MS en QSTAR Pulsar |
(ABI). Finalmente, los datos se procesaron
mediante ProteinPilot realizando las bus-
quedas contra la base de datos NCBInr.

Resultados

En el experimento iTRAQ de estadios verdes
se han identificado 542 proteinas con una confianza
mayor del 90 %, encontrando 234 proteinas con ra-
tios de expresion mayores de 1,5 veces. Y para los
estadios maduros se han identificado 1121 proteinas
con una confianza mayor del 95%, encontrando 420
proteinas con ratios de expresion mayores de 1,5
veces.

Conclusiones

Los periodos a lo largo del desarrollo de los
frutos en los que se encuentra mayores cambios de
expresion son al comienzo de la fase de formacion
de las bayas y desde su entrada en el envero hasta el
inicio de la maduracion.
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Introduction

Clontech’s Antibody Microarray 500 is a power-
ful tool for proteomic analysis of differential expre-
ssion patterns between cell, tissue, or body fluids
samples. Antibody (Ab) Array analysis detects re-
lative differences in protein abundance of over 500
target antigens simultaneously. Here we demonstra-
te the utility of the Ab Array approach by profiling
protein expression patterns of matched normal vs.
tumour cell lines. Differential protein expression
was validated by Western blotting, and by compari-
son with data from the literature.

Material and methods

Clontech’s Ab Array consists of over 500 dis-
tinct monoclonal antibodies covering five major
functional categories: apoptosis, cancer, the cell
cycle, protein kinases, and neurobiology. The care-
fully selected, well-characterized monoclonal anti-
bodies offer the advantages of unlimited supply, re-
producibility, sensitivity and specificity. Clontech’s
proprietary process ensures that the covalently im-
mobilized antibodies remain functionally active.

In this study, a human lymphoblastoid cell line
(normal) and a human breast carcinoma cell line
from the same individual (both from ATCC) were
compared. Proteins were extracted with Clontech’s
nondenaturing Extraction/Labelling Buffer and Cy3/
Cy5 labelling was performed according to the Ab Mi-
croarray User Manual. Labelled protein extracts were
analyzed on the Ab Microarray 500. Internal norma-
lisation was achieved through a dye swapping proce-
dure and data analysis with the internally normalized
ratio (INR) algorithm (Andersson et al., 2005).

Results

Twenty-three proteins with elevated abundan-
ce levels in the tumor sample (Table I1) and nine

proteins with elevated abundance levels in the nor-
mal sample (Table 1) were identified. Twenty-four
proteins comprising targets from both groups were
validated by Western blot analysis. Seventeen con-
firmed the array results, four were inconsistent and
three did not show a signal (Tables I, I1). The Ab
Aurray results showed 81% correlation with the Wes-
tern blot results, confirming the validity of the array
screening approach.

Clontech’s Ab Arrays have been used succe-
ssfully in many other proteomics studies, e.g. on
spinal muscular atrophy (Anderson et al., 2003),
mantle-cell lymphoma (Ghobrial et al., 2005), cys-
tic fibrosis (Srivastava et al., 2006), detection of
autoantibodies (Ehrlich et al., 2007) and biomarker
discovery (Caiazzo Jr. et al. (2007).

Conclusions

A fast-growing number of published studies des-
cribe the successful use of Clontech’s Ab Array in
research fields such as signal transduction, cancer
and other diseases, underlining its potential for the
discovery of disease markers and drug targets.
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Ave. Ave.

Ab-Ag INR Literature Western ap. can. cc neuro pk Ab-Ag INR Literature Western ap. can. cc neuro pk

Perforin 0.67 + + hcKrox 0.77 +

DNA Topoiso-

merasellb 070 + + Myogenin 078  + +

ap: apoptosis; can: cancer; cc: cell cycle; neuro: neurobiology; pk: protein kinases

Ave. Ave.

Ab-Ag INR Literature Western ap. can. cc neuro pk Ab-Ag INR Literature Western ap. can. cc neuro pk

EGF

Receptor 2.02 + + + + +

Neurogenin 3 3.38

Flotillin 2

(ESA) 3.04 + + Mcl-1 1.92 + -

IL-5 2.52 + NA + CAS 1.91 + + + +

cGB-PDE

SMRT 2.15 + NA + (PDES)

1.88 + +

NMDA

Brm 2.11 + Receptor  1.87 +
NR-2B

MAP4 1.79 + + +

INR < 0.79: Protein more abundant in control (normal)

INR > 1.79: Protein more abundant in breast cancer (tumor)
Ave. INR = 1.19

NA: no signal on the Western blot
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Introduccion

Las uniones gap (UG) son sistemas de comu-
nicacion de la membrana celular que une los cito-
plasmas de células adyacentes. Estan constituidas
por proteinas de membrana denominadas conexi-
nas (Cx), que en grupos de seis rodean un poro de
la membrana formando un hemicanal o conexon.
Las UG permiten actividades de coordinacion ra-
pida como la contraccion del musculo cardiaco o
la transmision de sefiales eléctricas neuronales. En
el corazén predomina la Cx43, localizada princi-
palmente a nivel de los discos intercalados (DlI)
del miocardio ventricular. El precondicionamien-
to isquémico (IP) (isquemia+reperfusion) retrasa
la muerte de los cardiomiocitos tras un periodo
prolongado de isquemia. La Cx 43 se expresa en
los cardiomiocitos (Schulz et al., 2004) y esta im-
plicada en este proceso; sin embargo el estudio de
la distribucion subcelular de esta proteina no esta
clara todavia. Por otra parte, se ha observado que
el precondicionamiento isquémico no tiene lugar
en ratones Cx43K132 (Garcia-Dorado et al., 1997).
El objetivo de este trabajo fue la identificacion de
Cx43 en membrana mitocondrial de cardiomiocitos
de rata y estudio de la distribucién mitocondrial de
la Cx32 en ratones transgénicos Cx43KI132 me-
diante espectrometria de masas.

Material y métodos

El flujo metodolégico se esquematiza en la Fi-
gura 1. Las proteinas extraidas de la mitocondria de
higado y corazén de raton y de ratones Cx43KI132
se separan por SDS-PAGE y se someten a digestion
triptica. Posteriormente, las muestras se analizan
mediante espectrometria de masas. En primer lugar,

se realiza una busqueda contra una base de datos de
raton para identificar los péptidos correspondientes
a Cx43y Cx32. Posteriormente, se utiliza la técnica
SMIM (selected MS/MS ion monitoring) (Jorge et
al., 2007), para concentrar la potencia de la trampa
idnica lineal sobre los péptidos derivados de estas
dos proteinas, llevando a cabo varias etapas de frag-
mentacion (MS/MS) y subfragmentacion (MS3).

Resultados

Se identificd, de forma completamente inequi-
voca, un péptido de la Cx43 en membrana mito-
condrial de cardiomiocitos de rata (TYIISILFK) y
dos péptidos de la Cx32 en mitocondria de higado
de ratéon: LEGHGDPLHLEEVKR y LLSEQDGS-
LKDILR. Estos péptidos no se identificaron en la
mitocondria de corazon de ratones Cx43KI32.

Conclusiones

A partir de este estudio podemos concluir que
mientras que la Cx43 se expresa en mitocondria de
corazon de rata, la Cx 32 no se expresa en mitocon-
dria de corazon de ratones Cx43KI32. El resultado
apoya el papel de la Cx43 en el proceso de precon-
dicionamiento isquémico.
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Figura 1. Esquema del proceso de identificacion de Cx43 en la membrana mitocondrial de cardiomiocitos de rata

Perfil de expresion proteica diferencial de la infeccién porcina con PCV2 por
SDS-PAGE, marcaje enzimatico mediante isétopos estables (**O/**Q) y trampa

ionica.
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Introduccion

El circovirus porcino tipo 2 (PVC2) es el agente
primario causante del llamado sindrome del deste-
te, enfermedad que afecta al sistema inmune y al
patron de expresion de muchas proteinas del cerdo.
Con vistas a caracterizar los mecanismos inmuno-
I6gicos implicados en la interaccion cerdo-PCV2,
hemos realizado estudios de expresion diferencial
en ganglios linfaticos mediante una combinacion

de SDS-PAGE, seguida de una digestion en gel de
las proteinas separadas, marcaje de los péptidos con
80/*80 e identificacion y cuantificacion con trampa
idnica lineal.

Material y métodos

Diez cerdos obtenidos por cesarea y privados
de calostro (4 controles y 6 inoculados con PCV2)
fueron sacrificados, comprobandose que habian de-
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sarrollado una infeccion subclinica. Los ganglios
linfaticos inguinales fueron resuspendidos en tam-
pon de lisis (urea 7M, tiourea 2M, CHAPS 4% (p/
v), DTT 1% (p/v), anfolitos 0,8%, PMSF 0,2M) y
sometidos a disociacion mecénica. Los extractos
de proteina fueron mezclados en cada uno de los
grupos y se analizaron mediante SDS-PAGE, se
cortaron en 19 fracciones y se sometieron a diges-
tion en gel, marcaje isotdpico estable de los péptidos
resultantes con **0/*0, y analisis por trampa i6nica
lineal, segiin hemos descrito previamente (Serrano
et al., 2007). Para el procesamiento y analisis de
datos se utilizaron los programas pRatio y QuiXoT,
desarrollados en el Laboratorio de Quimica de Pro-
teinas y Proteémica (CBMSO, CSIC-UAM, Ma-
drid) (Navarro et al., 2007).

Resultados

Los resultados obtenidos tras la busqueda fueron
analizados por el pRatio con una FDR del 5%, y
cuantificados con el QuiXoT. Se realizé un analisis
conjunto de todas las fracciones ya que mostraban
una distribucion semejante. Se eliminaron del anali-
sis aquellos péptidos cuya eficiencia de marcaje fue
menor que 0.7. Hasta ahora se ha analizado un 30%
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del proteoma total y se han conseguido cuantificar
més de 1000 proteinas, de las cuales, una docena
presentaron cambios de expresion. La digestion de
las muestras fue homogénea y la oxidacion de las
metioninas no afectd al calculo de la cuantificacion.
(Fig.1). Los cambios de expresion encontrados se
recogen en la (Fig.2).

Conclusiones

Nuestros resultados demuestran que, usando la
electroforesis 1DE acoplada a un marcaje enzimati-
co mediante isotopos estables con *0/*0 y el anéli-
sis de los péptidos marcados mediante trampa ionica
lineal, es posible detectar cambios de expresion de
proteinas en ganglios linfaticos, con vistas a mejorar
nuestro conocimiento de la respuesta inmune del
cerdo al PCV2.
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Analisis de las proteinas intactas Eritropoyetina y NESP mediante electroforesis
capilar acoplada a la espectrometria de masas con analizador de trampa

ionica
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Introduccion

La Eritropoyetina (EPO) y su analogo hipergli-
cosilado NESP (Novel Erythropoiesis Stimulating
Protein) son glicoproteinas ampliamente utilizadas
en el tratamiento de anemias derivadas de transtor-
nos diversos, aunque su popularidad deriva de su
uso ilegal en deportes de resistencia [1,2]. Su de-
terminacion y la caracterizacion de sus glicoformas
es de interés, tanto para asegurar la calidad de los
analogos sintéticos, como para detectar su uso frau-
dulento en determinadas disciplinas deportivas.

Material y métodos

El instrumento de electroforesis capilar utili-
zado ha sido HP®*® CE de Agilent Technologies,
empleandose capilares recubiertos con polimeros de
poliacrilamida derivarizada (UltraTol™ LN y HR de
Target Discovery)

Se ha utilizado un electrolito de separacion
consistente en una disolucion de &cido acético 2M
(pH<3). Los parametros éptimos de uso del espec-
trometro de masas (LC/MSD Trap SL de Agilent
Tecnologies), se han establecido por infusion directa
de glicoproteinas con diferente grado de glicosila-
cién. El acoplamiento se ha llevado a cabo mediante
una interfase con liquido auxiliar de isopropanol:
agua (1:1 (v/v)) con acido acético a concentracion
del 1%. Las proteinas estudiadas han sido EPO
humana recombinante (rHUEPO, Farmacopea Eu-
ropea) y NESP (Amgen Inc.).

Resultados

Con el objeto de evitar, en la medida de lo po-
sible, el efecto negativo que los azlcares de las gli-
coproteinas tienen en la respuesta del espectrémetro
de masas, se han optimizado los parametros de ope-
racion del analizador de trampa de iones utilizando
glicoproteinas con diferentes grados de glicosilacion
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Figura 1.Electroferograma correspondiente a rHUEPO

(transferrina, fetuina, alfa-glicoproteina &cida). Se
ha podido observar que el pardmetro que mas in-
fluencia presenta es el trap drive, relacionado con
la fuerza del campo de radiofrecuencia de la trampa
de iones que determina los valores de m/z que el
analizador atrapa.

Con estos parametros éptimos, se ha utilizado
una metodologia CE-ESI-IT-MS, para el andlisis de
rHUEPO y NESP y la caracterizacion de sus glico-
formas [3,4]. Los mejores resultados se han obte-
nido al utilizar un recubrimiento de poliacrilamida
derivatizada de caracteristicas neutras, con el que el
flujo electrosmético se suprime casi por completo
al emplear un electrolito de separacion &cido. La
Figura 1 muestra el electroferograma obtenido para
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el andlisis de rHUEPO, en el que se puede observar
la presencia de un cierto nimero de glicoformas. La
interaccion entre éstas y el recubrimiento del capilar
determina la resolucién obtenida en el andlisis.

Junto al electroferograma (Figura 1) se mues-
tra el espectro de masas de las glicoformas més
abundantes y su deconvolucién. La informacion que
proporciona el espectro de masas deconvolucionado
se ha utilizado para obtener el electroferograma de
iones extraidos, que se puede observar superpuesto
en la Figura 1.

En el caso de la NESP, su mayor grado de glico-
silacién provoca una interaccion mas fuerte con las
paredes del capilar, dificultando la caracterizacion
de sus glicoformas. Ademas, la eficacia y la resolu-
cion van disminuyendo con el namero de analisis,
sugiriendo la falta de estabilidad del recubrimiento
utilizado. El uso de otros recubrimientos mas esta-
bles, ha proporcionado resultados similares en la se-
paracion y caracterizacion de glicoformas de NESP
y rHUEPO. En el caso de esta glicoproteina, se ha
demostrado que, aunque el analizador de trampa
ibnica no es capaz de caracterizar completamente
el elevado numero de glicoformas de la rHUEPO,
proporciona suficiente informacién para caracterizar
las principales [3].
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Conclusiones

Se ha llevado a cabo la identificacion de las
principales glicoformas de una glicoproteina intacta
de considerable complejidad como es la rHUEPO,
mediante el uso de la electroforesis capilar con ca-
pilares recubiertos acoplada a un espectrometro de
masas de trampa idnica. Los resultados son menos
significativos en el caso de NESP debido a su mayor
grado de glicosilacion. En ambos casos, la optimiza-
cion correcta de los parametros del analizador es cri-
tica. La deteccion 6ptima de los analitos requiere el
uso de un electrolito de separacidn extremadamente
acido, con el consiguiente deterioro en la estabilidad
de los recubrimientos.
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Estudio de los cambios de expresion en el proteoma de membrana mitocondrial
de cardiomiocitos de rata en respuesta a un modelo de precondicionamiento
isquémico
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en la biologia y la investigacion médica (Li et al.,
2003). En un trabajo anterior (Serrano et al. 2007)
describimos un método para llevar a cabo una iden-
tificacion y deteccion masivas de los cambios de
expresion en proteinas de membrana mitocondrial.

Introduccion

El anélisis de la expresion diferencial en pro-
teinas es fundamental para entender los procesos
biolégicos y juega cada vez mas un rol importante
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Con objeto de profundizar en los mecanismos mo-
leculares del proceso de precondicionamiento is-
guémico (IP) (isquemia+reperfusidn) en un modelo
animal, proceso que se ha demostrado que retrasa
la muerte de los cardiomiocitos tras un periodo pro-
longado de isquemia (Garcia-Dorado et al., 1997),
hemos utilizado el método descrito para estudiar los
cambios de expresion que tienen lugar en el proteo-
ma de membrana mitocondrial de cardiomiocitos de
ratas precondicionadas.

Material y métodos

El extracto de proteinas (100 pg) proviene de
una preparacion de membranas de mitocondria de
tejido de miocardio de rata, segun se describe (Hol-
muhamedov et al., 1998; Ruiz-Maena et al., 1999).
El proteoma se separé mediante SDS-PAGE en 5
fracciones que se sometieron a digestion en gel,
marcaje isotopico estable de los péptidos resultan-
tes con %0/*0, y andlisis por trampa ionica lineal,
segun hemos descrito previamente (Serrano et al.,
2007) (Figura 1). Para el procesamiento y anali-
sis de datos se utilizaron los programas pRatio y
QuiXoT, desarrollados en nuestro laboratorio (Na-
varro et al., 2007).

Resultados

Hemos identificado mas de 600 proteinas mito-
condriales, de las cuales hemos conseguido cuanti-
ficar 850 pares de péptidos, correspondientes a 385
proteinas. El andlisis estadistico revela un aumento
significativo de expresidn en tres proteinas de mem-
brana mitocondrial, y una disminucién de expresion
en cinco proteinas de membrana relacionadas con el
metabolismo energético, de las cuales tres de ellas,
que muestran el mismo cambio de expresion, perte-
necen al mismo complejo.

Conclusiones

A través de este método hemos conseguido ob-
tener algunas pistas del mecanismo molecular de
los procesos relacionados con el acondicionamiento
isquémico en la membrana mitocondrial. Estos re-
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sultados sugieren que la metodologia desarrollada
podria permitir el estudio de diferencias de expre-
sion de proteinas de membrana en diferentes mode-
los de interés.
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Figura 1. Procedimiento para el andlisis de expresion
diferencial en el proteoma de membrana mitocondrial en
respuesta al pre-condicionamiento isquémico
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Multiplex protein expression profiling with Panorama™ antibody arrays

Kopf E, Zharhary D.

Sigma-Aldrich Israel Ltd., Rehovot, Israel

Introduction

Antibody microarray technology has become a
central tool for the identification, quantitation and
functional analysis of proteins. This high throughput
proteomic technology enables efficient and sensitive
protein analysis thus accelerating protein profiling
studies for biomarker discovery (Kopf, E. and Zhar-
hary, D., 2007).

Material and methods

Panorama™ Antibody Arrays are kits that con-
tain nitrocellulose-coated glass slides spotted with
84 to 725 antibodies. The series includes arrays
specific for Cell Signaling proteins (Product code
CSAALl), for MAPK & PKC Pathway proteins
(Product code MPAAZ3), and for Gene Regulation
proteins important in chromatin remodeling (Pro-
duct code GRAA2). There is also an array for p53
pathways proteins (Product code PPAA4), as well
as a large array with 725 antibodies representing
many biological pathways (Product code XP725).
Protein extract samples from human, mouse, or rat
cells and tissues can be assayed using these arrays.
The extracts are labeled with Cy3 or Cy5 fluores-
cent dyes and then applied to the array. After a
short incubation and wash, the array is scanned and
numerical values of the fluorescence intensity are
obtained. Numerical values for each spot are nor-
malized against that of antibodies to house-keeping
gene proteins present on the array, to eliminate the
effect of dye conjugation efficiency. Differences
in protein expression between two samples can be
assayed on one array by labeling samples with di-
fferent dyes (Cy3 or Cy5) and applying a mixture of
both on the array.

Results

Many applications of the Panorama™ Ab Micro-
array family of products have been reported. They
were employed in identifying proteins involved in
differentiation of F9 embryonic mouse stem cells by
retinoic acid (Kopf, E., et al., 2005), and in the iden-
tification of proteins involved in extracellular and in-
tracellular signaling components of the mammary ad-
ipose tissue and its interstitial fluid in high-risk breast
cancer patients (Celis, J.E., et al., 2005). Other appli-
cations were the identification of proteins involved in
drug resistance (doxorubicin) in human breast cancer
cells (Smith, L., et al., 2006), and the identification of
the cellular pathways involved in the maintenance of
human embryonic stem cell pluripotency and viabil-
ity (Armstrong, L., et al., 2006). Antibody arrays are
also useful in studying the effect of gene silencing by
SiRNA as demonstrated using LAP2[3 gene silencing
as a model system. The antibody array was also used
in protein/protein interaction studies to identify 3-cat-
enin binding proteins in NIH-3T3 cells. All array re-
sults were confirmed by using other immunochemical
assays such as immunoblotting, immunoprecipitation
or immunocytochemistry.
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2. MODIFICACIONES POSTRADUCCIONALES

Herramientas de cuantificacion en fosfoprotedmica: el uso de la tecnologia hibrida
triple cuadrupolo- trampa de iones 4000 QTRAP

Serna A.

Applied Biosystems Madrid.

La cuantificacion es una técnica dentro de la
protedmica que estd adquiriendo una importancia
creciente como herramienta fundamental para el
entendimiento de numerosos procesos bioldgicos.
En transduccion de sefial o en la basqueda de bio-
marcadores, pequefios cambios en los niveles de
ciertas proteinas o de sus isoformas, pueden en rea-
lidad esconder la clave para entender mejor ciertos
mecanismos celulares. La fosforilacion es una mo-
dificacion post-traduccional que altera o modifica
las caracteristicas fisicoquimicas de las proteinas.
Este cambio puede afectar a su solubilidad, a su
estructura terciaria y en definitiva a su actividad o
funcidn. Estas variaciones no son mas que los deto-
nadores de otros cambios mas profundos que van a
concluir con una respuesta celular a un determinado
estimulo. La fosforilacion afecta a cerca del 30%
del proteoma, y alrededor del 10% de esas fosfori-
laciones, representan cambios que regulan procesos

de vital importancia en la célula. Parece obvio por
tanto, resaltar la importancia no solo de la identifi-
cacion de las proteinas fosforiladas y sus residuos
de fosforilacion, sino sobre todo, de la cuantifica-
cion de los cambios en el equilibrio entre las distin-
tas isoformas. Hemos de entender la fosforilacion
como un proceso altamente dinamico. Trabajar en
la identificacién de sitios de fosforilacion requiere
una sélida estrategia y equipos que gocen de cierta
versatilidad y sensibilidad en el analisis. Si ademas
queremos cuantificar los cambios que estan ocu-
rriendo, necesitamos equipos que ofrezcan un alto
rango dindmico y una estrategia de cuantificacion
reproducible. En la siguiente exposicion se destaca-
ra el papel que puede desempefiar en estos estudios
los métodos de marcaje isobarico como el iTRAQ Y
la importancia de los métodos dirigidos de analisis
(MRMs) empleando triples cuadrupolos, en la ca-
racterizacion y cuantificacion de fosfopéptidos.

Monomeric and heterodimeric differential phosphorylation pattern in the Cyclin-

A2/CDK2 complex

Casado-\ela, J.; Martinez, J.; Romero, S.; Casal, 1.J.

Centro Nacional de Investigaciones Oncoldgicas, CNIO, Madrid

The Cyclin-A2/CDK?2 is a protein heterodimer
with kinase activity that plays a key role in centro-
some duplication and meiotic cell division. In this
study we used baculovirus-infected cells for the
production of both, monomers and the heterodimer.
We used a segmented linear ion trap mass spectro-

meter to identify the phosphorylated residues in
Mus musculus Cyclin-A2 and CDK2 proteins, after
individual expression in baculovirus and after for-
mation of the heterodimer. By using a combination
of trypsin and chymotrypsin digests to increase the
sequence coverage and data dependent neutral loss
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(DDNL) for phosphopeptide analysis, we identified
a differential phosphorylation pattern before and af-
ter the formation of the protein complex. The analy-
sis of the individual proteins showed that Cyclin-A2
is phosphorylated on two Ser residues (Serl4 and
Ser421) and CDK2 on a single residue (Thr160).
After the formation of the heterodimer Cyclin-A2
was phosphorylated only on Serl4 whereas CDK2
presented two Thr residues (Thr39 and Thr160).
These results suggest that baculovirus expression
represents an efficient system for the production
of functional proteins and the analysis of authentic
phosphorylation sites in regulatory proteins.
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Identificacion de fosfopéptidos en células T humanas primarias mediante IMAC

y T10, secuencial

Casas V, Carrascal M, Ovelleiro D, Gay M, Abian J.

LP-CSIC/UAB, IIBB-CSIC, IDIBAPS, Rosellon 161, 7 Planta , 08036 Barcelona, Spain.

Introduccion

La fosforilaciéon de proteinas es uno de los
principales mecanismos para la regulacion de la
funcion celular en eucariotas. El conjunto de prote-
inas fosforiladas de una célula, tejido u organismo
constituye el denominado fosfoproteoma. Un mal
funcionamiento de los mecanismos de fosforilacion
proteica puede tener graves implicaciones patold-
gicas y pueden ser la causa o la consecuencia de
enfermedades autoinmunes como la diabetes o la
artritis reumatoide o de enfermedades que, como el
cancer, implican fallos en la regulacion de la pro-
liferacién o diferenciacién celular. Farmacos como
la ciclosporina o la rapamicina son inhibidores de
cinasas y fosfatasas. La identificacion de nuevos
substratos de fosforilacion y la caracterizacion de
sus funciones asi como de sus niveles en diversas
condiciones son pasos necesarios tanto para me-
jorar la comprension de los mecanismos celulares
como para el desarrollo de nuevos farmacos. Con
este objetivo en este trabajo se han puesto a punto
tecnologias combinadas de purificacién haciendo
uso de columnas IMAC y TiO, para la purificacion
de fosfopéptidos a partir de células T humanas pu-
rificadas de sangre periférica.

Material y métodos

- Preparacién de las muestras: los pellets
enriguecidos en linfocitos T se obtuvieron
a partir de concentrados leucoplaguetarios
mediante centrifugacion en gradiente de
Ficoll, se lisaron en 6M urea, 50 mM Tris
pH 7.4, DTT, inhibidores de fosfatasas y
proteasas y las proteinas se precipitaron con
10% TCA 'y lavado con acetona y se sepa-
raron mediante SDS-PAGE. El gel se tifio
con Coomassie y se cortd en 11 bandas que
se digirieron con tripsina. El extracto pep-
tidico se evaporo y se redisolvié en 100 pl
de 250 mM AcOH/30% ACN

- Purificacion con IMAC y TiO,: se adicio-
naron 20 pl de fase Phos-Select a la mezcla
de péptidos y se incubd durante 90 min. Los
fosfopéptidos se eluyeron con 1% NH,OH
(1) EI material no retenido se diluy6 en 1M
acido glicélico, 5%TFA, 80% ACN vy se
cargé en una columna de TiO, preparada en
una punta de pipeta Gel Loader Tip (2). Los
fosfopéptidos se eluyeron con NH,OH, pH
10.5y con ACN al 30%.
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- PC-capLC-pESI-IT-MS/MS: las muestras
se inyectaron en un sistema cromatografico
conectado on-line a un espectrometro de
masas de trampa ionica lineal (LTQ, Ther-
moFisher). El analisis se realiz6 en modo
dependiente, adquiriéndose un espectro de
barrido completo y 8 MS/MS de las sefiales
més abundantes. En el caso de los fosfo-
péptidos que perdian el grupo fosfato, se
realizo un tercer barrido de MS? sobre el
ion derivado de dicha pérdida. Se utilizo
el software SEQUEST para la busqueda en
bases de datos.

Resultados

El andlisis de estos extractos nos ha permitido
caracterizar 331 puntos de fosforilacion (279 pSer,
49 pThr y 8 pTyr) en un total de 322 fosfopéptidos
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Unicos correspondientes a 247 proteinas. Alrededor
de la mitad de estos puntos de fosforilacion no se
encuentran anotados en SwissProt. Esta coleccion
deriva de espectros de fragmentacion de alta fiabi-
lidad seleccionados en condiciones muy restricti-
vas en las que no se obtenia ningun falso positivo
cuando la busqueda se realizaba sobre el conjunto
de las bases de datos SwissProt y Trembl humanas
mezcladas con las mismas bases de datos invertidas.
En el caso de fosforilacion en Ser se han podido de-
finir al menos 4 motivos claros de fosforilacion. Esta
coleccion es la Unica existente hasta el momento en
linfocitos T primarios humanos.
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Phosphoproteomics: analytical strategies and computational data analysis

Lépez Villar E.*, Nombela C.5, Hjerng K.*, Jensen ON*.
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In order to achieve high-sensitivity analysis of
phosphoproteomes with a high dynamic range, it is
crucial to couple complementary methods for separa-
tion and sequencing of (phospho) peptides. Large-scale
phosphoproteomic strategies (Ficarro et al., 2002;
Gruhler et al., 2005; Li et al., 2007) typically include
enrichments on phosphopeptides using IMAC or TiO,
resin or Calcium phosphate precipitation (Connor et
al., 1999; Larsen et al., 2005; Zhang et al., 2007;
Thingholm et al., 2007) followed by reverse-phase
liquid-chromatography (LC) coupled to ESI tandem
mass spectrometry (MS"). In addition, the combina-
tion of CID and ETD fragmentation in MS/MS is a
very promising approach for phosphoproteomic stud-
ies (Gruhler et al., 2005). Quantitative methods (i.e.
SILAC and iTRAQ) in phosphoproteomics provide
new insights into functional phosphorylation events.

Various strategies for functional phosphopro-
teomic analysis of signaling pathways are being

established in biological and biomedical research,
for example for the identification of novel drug
targets and for the understanding of disease patho-
genesis.

We will discuss several strategies for large-scale
phosphoproteomics, focusing on critical steps which
could increase the number of identified phosphory-
lated sites, especially those which belong to low
abundance proteins. We will also discuss the im-
portance of using bioinformatic tools and validation
of MS/MS spectra in order to avoid errors in the
assignments phosphorylation sites (Kjerng 2002,
Mann et al., 2002, Jensen 2006), e.g. using Mascot,
MS Quant, VEMS, and ProteinCenter (Schulze et
al., 2003; Matthiesen 2007, Ingrell et al., 2007).
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New insights in the study of s-nitrosylation & s-nitration: strategies and
problems
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Introduction

The study of the physiological role of reactive
nitrogen species (RNS) is attracting increasing inter-
est in the biomedical community. The most common
protein modifications by RNS are S-nitrosylation
or covalent incorporation of a nitrosile radical to
a thiol group, and nitration, or incorporation of a
NO, group, generally to tyrosine residues. It is cu-
rrently thought that nitrosative stress is one of the
most relevant pathogenic factors in cardiovascular
pathology, including atherosclerosis, hypertension,
diabetes and cardiac insufficiency, and NO has be-

come recognized as a key signaling molecule in
plants. Moreover, there are evidences that exposing
endothelial cells to the immunosupressor cyclos-
porin A (CsA) increases production of RNS, and
particularly peroxinitrite, that stimulates nitration
of proteins, being the protein MnSOD one of the
candidates to CsA-induced nitration (Horcajo-Re-
dondo et al., 2005). Here we have developed and
used proteomics techniques to identify specific sites
of S-nitrosylation and S-nitration in protein extracts
from different species. The growing interest in the
study of these modifications have led to the creation
of a Spanish working group, the “Nitrosoteam”,
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with the objective of increasing the knowledge of
the modifications in different kinds of samples by
using a common strategy.

Material and methods

We used the “biotin-switch” method (Martinez-
Ruiz et al., 2005) to selectively enrich nitrosylated
peptides in human and plant protein extracts. The
Selected MS/MS lon Monitoring (SMIM) techni-
que using a linear ion trap mass spectrometer (LTQ,
Thermo-Fischer Scientific, San Jose, USA) (Jorge
et al., 2007) was used to identify a specific site of
nitration in a MnSOD peptide.

Results

Here we present the first results of the “Nitroso-
team”. The first goal was to apply the “biotin-swit-
ch” method to the purification of peptides instead of
proteins, what is an innovation of the technique. We
first used synthetic peptides as probes and after opti-
mization of the mass spectrometer and the database
searching conditions we proceeded to the study of in
vitro cell culture extracts without blocking free cys-
teine thiols with MMTS. Elution of peptides from the
avidin column was made with either acid or reducing
conditions. The acidic elution had the advantage that
biotin remained attached to the peptide, whereas in
the reducing elution more peptides could be identified.
Some problems in the different steps of the experi-
ment have emerged. We observed that the biotin moie-
ty attached to the peptides produced a lot of fragments
that could not be assigned (Figure 1). Besides, the ma-
nipulation of the samples produced different atypical
adducts that make the identification more difficult. For
studying the nitration of a specific site in MnSOD, we
had to optimize the mass spectrometer conditions in
order to identify beyond any doubt the modification
site using multiple fragmentation stages (MS?®).

Conclusions

Several technical problems were resolved du-
ring the course of this study to analyze S-nitrosyla-
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tion and S-nitration sites by MS approaches. Our
preliminary results give us good indications about
the viability and specificity of the technique and
encouraged the “Nitrosoteam” to apply these de-
velopments to the analysis of physiological sam-
ples.
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Figure 1: Fragmentation spectra of a non biotinilated (upper
panel) and a biotinilated peptide (lower panel) showing the
presence of multiple fragments produced by biotin that could
not be assigned (circles).
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Introduccion

La S-nitrosilacién de proteinas se esta estudian-
do actualmente como una modificacion postraduc-
cional no enzimética que puede constituir un nuevo
paradigma en sefializacion celular (Martinez-Ruiz
y Lamas, 2004, 2007). El estudio del S-nitrosopro-
teoma se inicid practicamente con la invencion de
la técnica del “cambio por biotina” o “biotin switch”
(Jaffrey et al., 2001). Sin embargo, esta técnica pre-
senta aun algunas limitaciones, entre las cuales se
puede destacar su reducida sensibilidad.

Material y métodos

Se han preparado extractos de células endo-
teliales de la linea EA.hy926 tratadas con 1 mM
S-nitrosocisteina (CysSNO), segin hemos descrito
previamente (Martinez-Ruiz y Lamas, 2004, 2006).
El método de derivatizacion consta de dos pasos,
incluyendo la precipitacion con acetona tras cada
paso: 1) bloqueo con N-etilmaleimida; 2) reduccion
con &cido ascérbico y marcaje simultdneo con ma-
leimida fluorescente o maleimida-biotina.

Resultados y conclusiones

Al cambiar la quimica de la derivatizacion para
utilizar reactivos basados en maelimidas, se hicieron
controles para comprobar especificidad y ausencia
de reacciones secundarias en cada paso de la reac-
cion. Posteriormente se ha comprobado la especi-
ficidad del método comparando células en estado
basal o nitrosiladas con CysSNO, usando maleimi-
da-biotina y comparandolo con el método de “cam-
bio por biotina” ya establecido. Se han comprobado
especialmente las condiciones de marcaje para evi-

tar reacciones secundarias de la maleimida marcada.
Finalmente, se han realizado geles bidimensionales
de los extractos derivatizados, detectando simulta-
neamente fluoresceina y marcaje de proteina total
con Lucy565 (Fluka), observandose un buen nu-
mero de proteinas marcadas, aun empleando una
cantidad sensiblemente menor de proteina que en
nuestro trabajo anterior.

Aunque estos resultados aun tienen que ser ana-
lizados en mayor detalle, hemos desarrollado una
metodologia que permite aprovechar varias ventajas
del marcaje fluorescente y separacién en 2D-PAGE
para su aplicacion al estudio del S-nitrosoproteoma:
mayor sensibilidad en la deteccion e identificacion
de proteinas, cuantificacién relativa mediante el em-
pleo de varios fluoréforos. Asimismo, el desarrollo
de la derivatizacion con maleimida permite tam-
bién el analisis por otras metodologias proteémicas
de los sitios precisos de marcaje provenientes a
S-nitrosilaciones.
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Introduction

Although cysteines are one of the most rarely
used amino acids, they are usually highly conserved
and can play crucial roles in the structure and func-
tion of proteins (Pe’er et al., 2004). The reactive thiol
group may undergo a number of modifications such
as nitrosylation, oxidation to sulfenic (-SOH), sulfin-
ic (-SO,H) or sulfonic (-SO,H) and involvement in
disulfide bonds. The redox state of a protein’s thiol
groups can influence the protein’s structure and func-
tion and form the molecular basis of redox control
of many proteins (Leichert and Jakob, 2006). It is
widely regarded that the formation of disulfide bonds
including glutathiolation, is a form of protection in the
presence of oxidants and conditions of oxidative stress
(OS). Reversible changes may be a means of protec-
tion from further irreversible oxidation which would
result in protein degradation (Ying et al., 2007).

Material and methods

Protein extracts from exponentially growing
Sacchromyces cerevisiae (A,,, = 2-3) exposed to
100 uM H,0O, for one hour were used for initial
experiments. Proteins involved in disulfides were
detected by a “Biotin Switch” method adapted from
(Poole et al., 2004), except 100mM NEM was used
instead of 50mM IAM in the lysis buffer. Proteins
were separated by 1D electrophoresis, numbered
bands were excised and tryptic digested for analy-
sis by MALDI-TOF. For gel-free identification of
proteins, biotinylated peptides were tryptic digested
before avidin capture. Peptides were released by
mercaptoethanol and subjected to LC-MS/MS.

Results

Proteins identified by MALDI-TOF in Figure
1 are known to contain cysteines and have been

reported as been involved in disulfide bonds. Lanes
3 and 4, show precipitated proteins after first wash
of avidin beads i.e. proteins not bound to avidin.
Lanes 5 and 6 indicate there are no unbound pro-
teins after final wash and the method is selective for
proteins involved in disulfide bonds. Proteins con-
sistently identified by the gel-free method include
those identified by MALDI-TOF. In general a larger
population of proteins were identified as containing
disulfides in yeast treated with H,O,.

The major goal in identifying redox regulated
proteins involves determining which proteins are
involved, which cysteines within those proteins are
most reactive and identifying the thiol modification
itself (Ying et al., 2007). In the gel-free identifica-
tion, release of biotinylated peptides by mercaptoth-
anol allows the identification of the Cys involved,
when there is only one Cys in the identified peptide.
Oxidation of thiol groups to —SOH, has been pro-
posed to be an intermediary step in the formation
of disulfide bonds (Le Moan et al., 2006), although
sulfenics are thought to be unstable there has been
reports of stable long lived protein sulfenates (Le
Moan et al., 2006). We have also used sodium ar-
senite to specifically reduce sulfenics (Saurin et al.,
2004). Using glutaredoxin 2 yeast mutants we aim
to detect, identify and compare proteins involved in
disulfide bonds and containing SOH and help eluci-
date the mechanisms of cellular response to OS.

Band Protein Score | Mol. Wat .
No. (kDa )

1 Dihydrolipoamide 128 54.26
dehydrogenase

2. Translation 203 504
elongation factor
EF -1alpha -A

o s owm

3 Alcohol an 37.28
deydrogenase

4, Glyceraldehyde 3 281 357
phosphate
dehydrogenase

5, Triosephosphate 363 26.76
isomerase

Figure 1. Lanes 1 & 2, proteins released from avidin beads,
lanes 3 &4 unbound proteins after incubation with avidin
beads, lanes 5 & 6 absence of protein after final wash.
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Fosfoprotedmica cuantitativa en células madre embrionarias humanas
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Las células madre embrionarias son un tipo ce-
lular proveniente de la masa interna del blastocisto
gue se caracterizan por su capacidad de autorenova-
cion ilimitada y por ser pluripotentes ya que pueden
originar cualquiera de los mas de 200 tipos celulares
que constituyen el ser humano. Debido a esta ultima
propiedad, tienen un enorme potencial terapéutico
sobre todo en el campo de la medicina regenerativa.
En este sentido, se hace necesario profundizar en
los mecanismos moleculares que gobiernan los pro-
cesos de diferenciacion hacia un determinado des-
tino celular, ya que esto permitira, entre otras cosas,
aumentar la eficiencia de los cultivos o mejorar la
supervivencia de las células una vez transplantadas.
Los mecanismos de sefializacion se transmiten, a
menudo, mediante modificaciones post-traduccio-
nales entre las que la fosforilacion es una de las méas
importantes ya que controla numerosas funciones
celulares. En nuestro estudio hemos utilizado una
aproximacién de proteémica cuantitativa para tra-

tar de definir los cambios a nivel de fosforilacion
implicados en las primeras etapas del proceso de
diferenciacion de células madre embrionarias hacia
cardiomiocitos: 30, 60 y 240 minutos. Para ello
nuestra aproximacion combina SILAC para la cuan-
tificacion, SCX y TiO2 para enriquecer en fosfopép-
tidos y espectrometria de masas (Orbitrap y FT-ICR)
para la identificacion. Asi, hemos logrado identificar
alrededor de 4000 fosfopéptidos, muchos de los cua-
les no han sido descritos hasta el momento. Mas de
2000 han sido cuantificados, mostrando perfiles de
expresion diferenciales en los tiempos estudiados.
Nuestro trabajo muestra, por primera vez, los cam-
bios dinamicos que tienen lugar en el fosfoproteoma
de las células madre embrionarias humanas cuando
se diferencian hacia cardiomiocitos y podria supo-
ner un punto de partida en la optimizacion de las
terapias celulares en pacientes que padezcan algun
tipo de cardiomiopatia como por ejemplo el infarto
de miocardio.
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Analysis of phosphorylation of the nuclear chaperona nucleoplasmin

Omaetxebarria MJ 12, Larsen MR?, Ramos I*, Prado At, Muga A!, Arizmendi JM?, Jensen ON?

1Department of Biochemistry and Molecular Biology, University of The Basque Country, POBox 644, 48080
Bilbao, Spain. 2Department of Biochemistry and Molecular Biology, University of Southern Denmark,

Campusvej 55, DK-5230 Odense M, Denmark.

Multisite phosphorylation of proteins is a widely
spread mechanism aimed to regulate protein func-
tion and protein-protein interactions. Nucleoplasmin
(NP), the first molecular chaperone ever described,
is a pentameric protein built of identical 200 amino
acid subunits each organized in two domains. The
core domain, corresponding to the 120 N-terminal
amino acids, is responsible for oligomerization and
confers the protein an extreme thermal stability (Hi-
erro, 2002). The tail domain, which comprises the
remaining 80 residues, harbours a segment rich in
negatively charged residues (“poli-glu™) and a nu-
clear localization signal (NLS), and it is thought to
adopt a natively disordered conformation (Hierro,
2001). NP is involved in nucleosome assembly,
chromatin decondensation at fertilization and ap-
optosis (Leno, 1996; Lu, 2005). To carry out these
activities NP has to interact with different types of
histones. As a means to do that, NP removes sperm
nuclear basic proteins, replacing them with histones.
Binding of NP to basic proteins has been commonly
assigned to the negatively charged poly-glu tract,
which contains 20 aspartic and glutamic acid resi-
dues among the C-terminal 30 residues. However,
it has been proved that the phosphorylated core
domain, lacking this poly-glu tract, is also able to
decondesate chromatin by its own, suggesting that
the poly-glu tract is not the only region involved in
NP activity and ligand binding (Bafiuelos, 2003).

With the aim of identifying the phosphorylation
sites present in NP isolated from eggs of Xenopus
laevis, a strategy that combines TiO, enrichment

of phosphorylated peptides and mass spectrometry
was used. We identified eight phosphorylated sites.
Our results show that among the eight phosphoryl
groups experimentally detected, four are located at
the flexible N terminus, and the rest are found at
the tail domain, flanking the nuclear localization
signal. These results indicate that phosphorylation
of both protein domains is required for NP to effi-
ciently extract linker-type histones from chromatin
(Bafiuelos, 2007).
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Expresion diferencial de las cuatro isoformas de la proteina de union a calcio
S100A9 (Calgranulina B) en células mononucleares de sangre periférica de
pacientes con lupus eritematoso sistémico respecto a controles sanos
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Introduccion

La S100A8 y la SI00A9 pertenecen a la familia
S100 de proteinas de union a calcio. Normalmente
forman un heterodimero (S100A8/S100A9) llama-
do Calprotectina. Se expresan preferentemente en
células de origen mieloide. Muestran capacidad de
union a calcio en estados de diferenciacion tempra-
na de monocitos y neutrofilos, donde representan
aproximadamente el 40% del contenido proteico
del citosol, no detectandose en macréfagos en repo-
s0, 0 en linfocitos. Aunque su localizacion principal
sea citosolica, pueden traslocarse al citoesqueleto
0 a la membrana celular cuando ocurren aumentos
de la concentracion de calcio intracelular. También
pueden secretarse de forma activa al medio extra-
celular por neutréfilos estimulados y monaocitos, o
liberarse al medio externo como producto de rotura
0 muerte celular. Se han descrito incrementos en
la expresién de S100A8 y S100A9 en procesos
inflamatorios.

Material y métodos

Se analizaron 30 muestras de pacientes con lu-
pus previamente diagnosticados segun los criterios
de reumatologia americano, y 16 muestras de perso-
nas sanas voluntarias que sirvieron como controles.
Las PBMCs se obtuvieron por centrifugacion en
gradiente de densidad con Histopaque 1077 (Sigma-
Aldrich guimica S.A Spain) de sangre periférica a
la que se le ha afiadido el anticoagulante K2-EDTA
(BD Vacutainer). La separacion de las proteinas en
geles 2-DE se realizo utilizando el sistema Protean
IEF (Bio-Rad) en la primera dimension y el sistema

CRITERION (Bio-Rad) en la segunda (Pavon et al,
2006). Los geles se tifieron secuencialmente con
Pro-Q-Diamond, Sypro-Rubi y Bio-Safe Coomas-
sie. La identificacion de proteinas por MALDI-TOF
MS o por secuenciacion utilizando nano(n)ESI. IT
MS/MS se realizd de forma idéntica a la de nuestro
trabajo previo (Pavén et al, 2006).

Resultados

Se han identificado, por espectrometria de ma-
sas, los spots 6, 7 y 19 (Figura 1): 7 corresponde
a S100A9 wild-type, 6 a S100A9 truncada en su
extremo N-terminal (spot inferior) y a SI00A9 wt
fosforilada en la Thr C-terminal (spot superior), y
19 a S100A9 truncada y fosforilada en la Thr C-
terminal. La expresion de las variantes del spot 6
esta aumentada en pacientes con lupus eritematoso
sistémico respecto a controles sanos.

Figura 1. Spots identificados

Conclusiones

La utilizacion de geles 2-D, tincion secuencial
con Pro-Q-Diamond y Sypro-Ruby e identificacion
de las proteinas por MS y posterior secuenciacion
de péptidos especificos por MS/MS permite identi-
ficar modificaciones postraduccionales como fosfo-
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rilacién en treonina o truncaciones “naturales”, asi
como determinar cambios relativos de estas modi-
ficaciones en situaciones patoldgicas (enfermedad
autoinmune vs controles sanos).
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Regulacion de la Metiltioadenosina Fosforilasa por oxido-reduccion en células
hepaticas. Mecanismo e implicaciones funcionales
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La enzima 5 -metiltioadenosina fosforilasa
(MTAP) cataliza de la formacion de adenina y 5'-
metiltioribosa 1 fosfato a partir de la 5"-metiltio-
adenosina (MTA). En humanos, una deficiencia en
la actividad MTAPasa se ha correlacionado con di-
versas enfermedades, incluyendo cirrosis y hepato-
carcinoma. En el presente trabajo se ha investigado
la regulacion de la actividad MTAPasa por especies
reactivas del oxigeno. Los datos obtenidos muestran
la inactivacion de la enzima MTAP hepética tanto
en un modelo de ratdn tratado con lipopolisacarido
bacteriano (LPS) como en células HepG2 incubadas
con de tert-butil hidroperdxido. Por otra parte, la

MTAP recombinante purificada se inactivo de forma
reversible en presencia de peréxido de hidrogeno.
La pérdida de actividad de la MTAP mediada por
radicales libres resulta de la reduccion de la Vmax y
ocurre por la oxidacion especifica de los residuos de
cisteina 136 y 223 a acido sulfénico, que podrian ser
estabilizados mediante la formacidn de intermediarios
sulfenil amidas. Ademaés, identificamos un puente di-
sulfuro entre las cisteinas 145y 211 tras la exposicion
de la enzima a peroxido de hidrégeno. Sin embargo,
esta modificacion no participa en la inactivacion de
la actividad MTAPasa, como se pudo comprobar me-
diante experimentos de mutagénesis dirigida.

From liver tissue to phosphorylation sites

Rodriguez-Suarez EM ', Galan Cousillas A *, Elortza F ', Castro Espido A *, Martinez-Chantar

ML " and Mato JM'.

'CIC bioGUNE (Tecnological Park Bizkaia, Spain). *OWL Genomics (Tecnological Park Bizkaia, Spain)

Non-alcoholic steatohepatitis (NASH) is a pro-
gressive disease that develops from hepatic steatosis
to cirrhosis and liver failure. S-adenosylmethionine
(SAMe) is considered a key metabolite that regu-
lates hepatocyte growth, death and differentiation. A
chronic hepatic SAMe deficiency facilitates the de-

velopment of fatty liver and its progression to NASH
and hepatocellular carcinoma (HCC). Methionine
adenosyltransferase 1A (MAT1A) is expressed ex-
clusively in the liver and in the pancreas in adults and
synthesizes SAMe. Another key player in the metabo-
lism of methionine is Glycine N-methyltransferase
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(GNMT). GNMT is an abundant enzyme in liver that
catalyzes the methylation of glycine by using S-ad-
enosylmethionine (AdoMet). GNMT KO mice spon-
taneously develop steatohepatitis and fibrosis. It has
been shown that eight months old MAT1A KO mice
developed spontaneous NASH and the majority of
them developed HCC at the age of eighteen months.
Consequently, these KOs mice have been chosen as
model for the study of the metabolic pathways impli-
cated in the development of NASH.

Phosphorylation is a key regulation event in
cell signalling and in consequence, in the function
of biological systems. The use of phosphoprotein
enrichment procedure is a method to simplify the
proteome of KO and WT liver mice. Phosphopro-
tein enrichment was performed using Qiagen kit for
phosphoprotein purification. The phosphoproteins
were loaded into a 2D SDS-PAGE, visualized with
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Sypro Ruby and further analyzed by PDQuest soft-
ware. In parallel, the phosphoproteins were digested
by trypsin and titanium oxide and IMAC enrichment
was performed on the tryptic peptides. Analysis
of the phosphopeptides recovered for this second
enrichment step at the peptide level was performed
by LC-MS/MS using a nanoAcquity-UPLC system
(Waters) coupled to a QToF Premier (Waters). The
characterization of the proteins was carried out us-
ing Mascot Database Searching.

Differences in phosphorylation have been ob-
served by Sypro Ruby staining of 2D gels for the
phospho-proteomes of KOs and WTs mice. The
biological analysis of these changes in phosphor-
ylation levels of phosphoproteins between KO and
WT liver homogenate mice it will provide valuable
information about the role of phosphorylation in the
development of the disease.

Major targets of iron-induced protein oxidative damage in frataxin-deficient

yeasts are magnesium-binding proteins

Irazusta V, Moreno-Cermefio A, Cabiscol E, Ros J, Tamarit J.

Bioguimica de I’Estrés Oxidatiu, Departament de Ciéncies Médiques Basiques, IRB Lleida, Universitat de

Lleida, Spai

Introduction

Iron accumulation has been associated with seve-
ral pathological conditions such as Friedreich ataxia
(FRDA\). This human disorder is caused by decreased
expression of frataxin (Roy & Andrews, 2001). Oxi-
dative stress due to iron-overload promoted selective
damage to proteins. Such damage can be evaluated
by analyzing protein- carbonyl content (Tamarit et
al, 1998, Cabiscol et al 2002, Schacter et al 1994).
In yeast cells lacking the frataxin ortholog YFH1,
we have identified a set of 14 carbonylated proteins
which include mitochondrial ATP synthase, phospho-
glycerate kinase, pyruvate kinase and molecular cha-
perones. The fact that most of the target proteins are
magnesium and/or nucleotide-binding proteins, leads
us to postulate that when iron accumulates, it replaces
magnesium at the corresponding metal-binding site,
promoting selective damage to these proteins.

Materials and methods

- Western blot Analysis and carbonyl content
quantitation.- Oxidative damage to proteins
was evaluated by carbonyl-group deriva-
tization with 2,4-dinitrophenyl hydrazine
(DNPH). Antibodies against DNPH allow
the immunodetection of this compound
bound to proteins by classic western-blot
techniques. Crude extracts were separated
in one- or two-dimensional gels (Irazusta et
al, 2006). In both cases, antibodies against
DNPH (Dako) were used at 1:5,000 dilu-
tion. Images were acquired in a ChemiDoc
XRS System (Bio-Rad) and analyzed with
PDQuest or Quantity One software (Bio-
Rad). Proteins were identified by peptide
mass fingerprinting after tryptic digestion
and MALDI-TOF analysis.




54

Results

- Selective protein oxidation in Ayfhl mutants.-
To analyze oxidative damage to specific proteins,
crude extracts from wild type and Ayfh1 cells grown
in YPG where prepared and analyzed by western
blots from two-dimensional electrophoresis. Most
of the carbonylated proteins in Ayfhl were mito-
chondrial ones: Ssc1, Hsp78, Ctal, Atpl, Atp2 and
1Iv5, highlighting the relevance of oxidative stress
in this organelle in Ayfhl cells. These results also
showed that iron can promote selective oxidation of
proteins containing ATP/magnesium binding sites.
Pure preparations of such proteins incubated with
iron/ascorbate as oxidant system showed increased
carbonylation when ATP was present in the assay.

Conclusions

Our work uncovers a mechanism for under-
standing the specificity of protein oxidative damage.
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These results confirm that iron-induced oxidative
damage plays a relevant role in FRDA disease and,
as a consequence, it is conceivable that this would
apply to all the pathologies in which iron accumula-
tion is involved.
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3. SECUENCIACION DE NOVO

De novo sequencing of proteins not represented in databases using LTQ-Orbitrap:

a case study

Casado-\kla, J.V; Martinez-Ballesta, M.C.?; Muries, B.?; Carvajal, M 2; Matthiesen, R. ®; Elortza, F.V
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Protein identification using proteomic technolo-
gies is routinely achieved through the comparison of
experimental MS or MS? spectral peak lists with the
theoretical ones calculated from peptide/nucleotide
sequence databases. Whist this general strategy is
successful when applied to fully sequenced species, it
is very limited when species underrepresented in da-
tabases are the aim of the study (Jensen et al., 2006).
In this study we take advantage of the high mass ac-
curacy of LTQ-Orbitrap (Thermo Fisher Scientific),
combined with the use of the de novo sequencing soft-
ware PEAKS (Bioinformatic Solutions, Inc.) to ap-
proach the characterization of plasmatic and vacuolar
aquaporins isolated form broccoli (Brassica oleracea
L. var italica) plants. Aquaporins belong to the major
intrinsic protein (MIP) family and facilitate the flow
of water across cellular membranes (plasma and vacu-

olar membranes), following osmotic or hydrostatic
pressure gradients (Chrispeels and Maurel, 1994). In
most of plant species investigated, pharmacological
and/or genetic evidence has suggested that aquaporins
represent a major role during water uptake by roots
(Martinez-Ballesta et al., 2006).
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Secuenciacion de novo de peptidos diferenciadores del decapodo de interées

comercial Pleoticus muelleri

Ortea I, Barros L., Gallardo J. M.

Introduccion

La identificacion de especies marinas tiene capi-
tal importancia en la industria pesquera, ya que las
regulaciones comerciales impuestas por diferentes
paises imponen requisitos de trazabilidad y de co-
rrecta identificacion y etiquetado de los productos
(Secretaria General de Pesca Maritima, 2005). El
objetivo de este trabajo es caracterizar, por medio

de técnicas de protedmica, péptidos marcadores de
una determinada especie de crustaceo decapodo de
gran interés comercial: Pleoticus muelleri.

Material y métodos

Se solubilizaron las proteinas de la fraccién sarco-
plasmica del abdomen de individuos de P. muelleri 'y
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de otras especies de decapodos comerciales préximas
filogenéticamente. Estas proteinas sarcoplasmicas se
separaron por electroforesis bidimensional, y se selec-
ciond un spot presente en los geles de todas las espe-
cies estudiadas, identificado como Arginina Kinasa.
Este spot fue recortado de cada gel y digerido in situ
con tripsina, (Jensen et al., 1999), y una fraccion de
los péptidos resultantes de la digestion de cada spot
fue analizada mediante espectrometria de masas con
fuente de ionizacién tipo MALDI y analizador de
tiempo de vuelo, para obtener su huella peptidica e
identificar la presencia de péptidos especificos de P.
muelleri. Una vez que estos péptidos fueron identifi-
cados, se analiz6 otra fraccion mediante cromatografia
liquida en fase reversa acoplada a espectrometria de
masas trampa idnica e ionizacién por electrospray
(HPLC-ESI-IT MS) o mediante nanospray (nESI-
IT MS) (Pifieiro et al., 2001). Se obtuvieron asi los
espectros de fragmentacion de los péptidos diferen-
ciadores, que debido a la ausencia de informacién de
P. muelleri en las bases de datos, fueron analizados
mediante secuenciacion de novo con interpretacion
manual, obteniéndose asi su secuencia aminoacidica.

Resultados y conclusiones

Aunque se observo poca variabilidad entre las
especies estudiadas, se detectaron y caraterizaron 3
péptidos presentes tnicamente en P. muelleri. En la
Figura 1 se presenta el espectro de fragmentacion de

ProTeOMICA * NUMERO 1 * FEBRERO 2008

uno de ellos, de 1130.6 Da. Se concluye que estos
péptidos pueden utilizarse como marcadores para
identificar esta especie.

Fig. 1. Espectro MS/MS de un péptido especifico de P.
muelleri.
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Introduccion

El analisis de proteinas de especies poco repre-
sentadas en bases de datos y la presencia de fami-

lias multigénicas en eucariotas dificultan e incluso
previenen la identificacion del origen génico de
la proteina, el cual proporciona una informacion
valiosa para comprender el proceso bioldgico en
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el que participa. Nosotros hemos desarrollado una
estrategia para solucionar este problema con la fa-
milia multigenica de polifenol oxidasa (PPO) en el
fruto de nispero que combina fuentes proteémicas
y bioinformaticas, las cuales nos permiten obtener
informacién del origen génico de la PPO.

Material y métodos

Las fracciones de PPO- soluble, particulada y
latente pura- del fruto de nispero se prepararon de
acuerdo a (Sellés et al., 2006). La extraccion de pro-
teinas se realiza en varios pasos usando TCA/DXC y
fenol/acetato amoénico/metanol. Las bandas de interés
son digeridas con tripsina usando el equipo de diges-
tion ProGest. Los péptidos extraidos se analizan por
LC-MS/MS usando el sistema de Agilent 1100 series
nano-HPLC en linea con un espectrémetro de trampa
de iones XCT plus y una fuente nano-ESI. La separa-
cion de los péptidos se realiza en una columna de fase
reversa Zorbax 300SB-C18. Los espectros de MS se
adquieren en modo standard (26000 m/z por s), y MS/
MS en modo ultrascan (8100 m/z por s). Para poder
identificar las proteinas de nuestro interés se utiliza
el programa informético Spectrum Mill Proteomics
Workbench. Cada uno de los espectros se busca en
NCBInr en modo identidad utilizando la herramienta
de busqueda MS/MS y considerando un buen espectro
el que presenta un score >13y SPI >70%. A continua-
cidn los espectros restantes con score medio no inter-
pretados por MS/MS, se someten a secuenciacién de
novo usando la herramienta del Spectrum Mill que usa
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el algoritmo de la secuenciacion de novo de Sherenga
(Dancik y col., 1999). A las secuencias se les realiza
un BlastP buscando frente a NCBInr.

Resultados

La combinacién de western-blot y la LC-MS/
MS ha demostrado la presencia de dos paralogos de
PPO cuyos productos proteicos estan en el fruto de
nispero en el estadio de recoleccion, uno homélogo
a PPO 2 de Malus domestica (Acc. 14194273) y
otro homologo a PPO de Prunus armeniaca (Acc.
3282505). Ademas, se ha obtenido otro paralogo
de PPO, homdlogo a PPO de Pyrus Pyrifolia (Acc.
15487290), cuyo polipéptido no se encuentra en
frutos en el momento de la recoleccion.

Conclusiones

El uso de secuencias de péptidos, deducidas de
la interpretacion por secuenciacién de novo de los
espectros de MS/MS para interrogar las bases de
datos, permite la identificacion de proteinas basa-
das en homologia, incrementando notablemente la
cobertura de secuencias.
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4. BIOINFORMATICA

Herramienta online de generacion y almacenamiento de documentos MIAPE

Martinez-Bartolome, S., Medina, J.A., Carazo J.M. y Albar J.P.

La PSI (Proteomics Standards Initiative), se
cred como grupo de trabajo de la HUPO (HUman
Proteome Organization) en el 2002 con el principal
objetivo de definir estandares de representacién de
datos en Protedmica para facilitar su comparacion,
intercambio y/o verificacion. PSI trabaja en el desa-
rrollo de estandares en Protedmica principalmente
en tres areas: la representacion de datos (formatos
de almacenamientos de datos protedmicos estan-
dares), el desarrollo de vocabularios controlados u
ontologias, y la definicion de una serie de directrices
con respecto a la minima informacion necesaria para
describir, y en su caso reproducir en lo posible, un
experimento protedmico. Estas directrices se descri-
ben en los llamados documentos MIAPE (Minimum
Information About a Proteomics Experiment) (Chris
F. Taylor, 2007), especificos para cada técnica pro-
tedbmica. Varias revistas cientificas han empezado
también a definir sus propias directrices (Wilkins,
M.R. et al, 2006), (Bradshaw, R.A. et al, 2006), y
cada vez es mas comun la obligatoriedad de almace-
nar los datos protedmicos en un repositorio publico
(Prince, J.T. et al, 2004), (Garwood, K. et al, 2004),
(Hermjakob, H. et al, 2006) antes de su publicacién
en una revista, asegurando asi, su persistencia y su
méaxima usabilidad.

Desde un principio, en ProteoRed hemos querido
participar activamente en las actividades del HUPO-
PSI, y aplicar en lo posible las estandarizaciones a
nuestros laboratorios. Uno de nuestros objetivos es
estandarizar el informe de resultados que cada ser-
vicio aporta a sus clientes, conteniendo la minima
informacién definida en los documentos MIAPE
para cada técnica. Por ello, en el grupo de trabajo de
Bioinformética de ProteoRed, hemos desarrollado
una herramienta que facilita la generacion de infor-

mes bajo las directrices MIAPE. Esta herramienta,
accesible via web, permite crear y almacenar online
varios tipos de documentos MIAPE. Debido a que
gran parte de la informacion contenida en estos
documentos es comun para distintos experimentos
(composicion de los buaferes utilizados, parametros
de motores de busqueda, etc...), la herramienta per-
mite acceder y utilizar facilmente informacién ya
introducida en otros documentos, evitando asi la ar-
dua tarea de escribir en los formularios los mismos
datos cada vez que queramos generar un documento
de este tipo. La herramienta estara disponible para
la comunidad cientifica en general en un tiempo ra-
zonablemente corto a través de la web http://www.
proteored.org, e ira actualizandose paralelamente
al trabajo del grupo HUPO-PSI en los documentos
MIAPE. Actualmente, es posible la generacion de
los documentos MIAPE GE (Gel Electrophoresis),
Gl (Gel Informatics), MS (Mass Spectrometry) y
MSI (Mass Spectrometry Informatics).
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Introduccion

La identificacion de péptidos a partir de espec-
tros MS/MS vy la cuantificacién usando is6topos
estables en experimentos de alto rendimiento re-
quieren algoritmos de proceso de datos altamente
automatizados. Nuestro laboratorio ha desarrolla-
do herramientas para validar las identificaciones,
pRatio (Martinez de Bartolomé et al, in review),
y para calcular el ratio de expresion y la eficiencia
de marcaje de los péptidos marcados mediante 20,
QuiXoT (Ramos et al., 2007). Recientemente he-
mos observado que el analisis de un experimento
control a gran escala (hipétesis nula) mediante los
modelos estadisticos convencionales da lugar a fal-
sos cambios de expresion que resultan estadistica-
mente significativos. El objetivo de este trabajo es
perfeccionar nuestras herramientas bioinformaticas
actuales y la incorporacion de un modelo estadistico
adecuado.

Material y métodos

Los programas utilizados, pRatio y QuiXoT, han
sido desarrollados integramente en nuestro laborato-
rio y han sido programado en C#.

Resultados

El experimento control es el analisis compa-
rativo de un proteoma obtenido a partir de células
endoteliales HUVEC contra si mismo. Se identi-
ficaron mas de 2700 péptidos, correspondientes a
1400 proteinas, de los que se consiguieron cuanti-
ficar mas de 1500 péptidos correspondientes a mas
de 800 proteinas. Hemos introducido mejoras en
pRatio que aumentan sus prestaciones, que supe-
ran las de otros métodos reconocidos publicados
muy recientemente (Elias et al, 2007). También
hemos desarrollado un modelo jerarquico lineal
que ha permitido estudiar en detalle las diferentes

fuentes de error que influyen en los experimentos
de cuantificacién masiva mediante marcaje isoto-
pico estable usando 0. No se detectaron falsos
cambios de expresion cuando el nuevo modelo
se aplicé al anélisis estadistico del experimento
control.

Figura 1: Se muestra el flujo del andlisis de datos en un
experimento de identificacion y cuantificacion de péptidos
mediante marcaje isotdpico estable de 2O. Los espectros MS/
MS de los archivos correspondientes a las diferentes carreras
del experimento fraccionado mediante intercambio catiénico
(SCX) son buscados en una base de datos mediante un motor
de busqueda (SEQUEST). Los archivos de resultados de esta
blsqueda son validados por el software pRatio, resultando
en un Unico archivo de identificaciones validas que es
introducido en el programa de cuantificacion (QuiXoT),
el cual consulta los espectros ZoomScan asociados a cada
identificacion validada. Posteriormente se realiza el anélisis
estadistico que determina aquellos cambios de expresion
que son estadisticamente significativos.

Conclusiones

Las herramientas bioinforméticas desarrolla-
das permiten un flujo de trabajo completo (Fi-



60

gura 1) y automatizado para la identificacion y
cuantificacion masiva de péptidos mediante mar-
caje isotopico estable con 80, ofreciendo unas
prestaciones superiores en cuanto a identificacion
(mayor nimero de identificados con la misma tasa
de error) y en cuanto a robustez en la deteccion
de cambios de expresion estadisticamente signi-
ficativos.
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Introduccion

El estudio de la expresion de genes mediante
técnicas de alto rendimiento, como los microarrays de
ADN, obligd a un cambio de paradigma en la inter-
pretacion de los resultados obtenidos con respecto a
la experimentacion clésica empleada en biologia. La
bioinformética tiene entre sus principales objetivos
dar respuesta a estas nuevas necesidades desde multi-
ples disciplinas, como son la estadistica y la informa-
tica. En protedmica las necesidades computacionales
han surgido principalmente de los experimentos de
identificacion de proteinas mediante geles 2D y es-
pectrometria de masas, es decir, han estado orientadas
a la gestion de grandes cantidades de informacién, el
procesado de imagen y de espectros y la busqueda en
bases de datos. Sin embargo, la aplicacion de méto-
dos ya empleados en gendmica a estos datos, o la apa-
ricién de nuevas tecnologias como los microarrays de
proteinas o el SELDI-TOF, abren nuevas expectativas
en el area de la protedmica, tanto en el ambito cienti-
fico como en el ambito clinico.

Material y métodos

El analisis de los datos obtenidos en un experi-
mento de microarrays de ADN requiere una serie de
procesos independientemente de la plataforma o del
objetivo del estudio (Hoheisel, 2006): calculo de los
niveles de expresion utilizando el método de norma-
lizacion adecuado, acondicionamiento de la matriz
de expresidn, y la aplicacion del método de seleccion

(foldchange, estadistica t, modelos lineales, etc), con
el fin de identificar los genes de interés. A partir de
esta lista de genes existe una gran diversidad de op-
ciones para la interpretacion de los resultados: ana-
lisis de los perfiles de expresion, andlisis funcional,
estudio de factores de transcripcion, o la integracion
de informacién mediante redes de genes con progra-
mas como Ingenuity (www.ingenuity.com).

En el ambito de la proteémica, con el empleo
de nuevas tecnologias como los microarrays de an-
ticuerpos (Madoz-Gurpide et al, 2007) o el SELDI-
TOF (Vorderwilbecke, 2005), el analisis precisa de
métodos similares a los empleados en gendmica,
ya sea para el proceso de normalizacién, o para la
seleccion, mediante métodos estadisticos y herra-
mientas bioinformaticas apropiadas, de las proteinas
alteradas o de la expresion diferencial de péptidos.

Conclusiones

La bioinformatica permite, con datos prove-
nientes de la experimentacion en protedmica, el
desarrollo de nuevas aplicaciones, como son la iden-
tificacion de biomarcadores o de nuevas dianas tera-
péuticas para el desarrollo de medicamentos.

Bibliografia

JD., Hoheisel. Nature Reviews Genetics 2006, 7, 3,
200-210.



ProTEOMICA * NUMERO 1 ¢ FEBRERO 2008

J., Madoz-Gurpide, M., Cafiamero, L., Sanchez, J., So-
lano, P., Alfonso, JI., Casal. Molecular&Cellular
Proteomics 2007, 6, 12, 2150-2164.

61

S., Vorderwilbecke, S., Cleverley, SR., Weinber-
ger, A., Wiesner. Nature Methods, 2005, 2,
393-395.

Desarrollo de una base de datos de proteinas identificadas en estudios de
interaccion patdgeno-hospedador: PROTEOPATHOGEN

Fernandez Vital V, Pascual-Montano A, Gil C.

Departamento Microbiologia 11, Unidad I. Facultad de Farmacia. UCM

Introduccion

A medida que la tecnologia protedmica mejora
en sensibilidad y resolucion se hace necesario el uso
de herramientas adecuadas que permitan almacenar,
analizar e interpretar los datos generados en los
experimentos, tareas en las que la bioinformatica
juega un papel esencial. La combinacién de técnicas
como la electroforesis bidimensional y cromato-
grafia, usadas para la separacién de proteinas; y la
espectrometria de masas, para su identificacion, ge-
neran una enorme cantidad de datos muy complejos
gue han de ser convenientemente almacenados para
gue puedan ser consultados y analizados de manera
eficiente. El objetivo de este trabajo es el desarrollo
de una base de datos que resuelva esta necesidad
existente en un laboratorio de proteémica.

Material y métodos

Datos biolégicos. Los datos almacenados co-
rresponden a proteinas procedentes de diversos ex-
perimentos enmarcados en estudios de patogenici-
dad microbiana e interaccion patdégeno-hospedador.
La mayor parte de las identificaciones corresponden
a la levadura Candida albicans (Fernandez-Arenas
et al., 2007) y a proteinas de macr6fagos murinos
(Martinez-Solano et al., 2006).

Implementacion y estructura de la aplicacion. La
base de datos se presenta como un modelo servidor-
cliente que permite multiples conexiones y consultas
a través de una interfaz web de acceso. El sistema
gestor de bases de datos relacionales utilizado es
PostgreSQL. Otros recursos usados en el desarrollo
son php, Apache, Perl y R-cran. En todos los casos

se trata de software de libre acceso, ampliamente
utilizado y de comprobada robustez y fiabilidad.

Resultados

PROTEOPATHOGEN es una base de datos
en desarrollo que almacena y relaciona de forma
eficiente informacion relativa a proteinas implica-
das en interaccién patégeno-hospedador. Ademas
la creacién de una interfaz de acceso web permite
realizar consultas de manera sencilla e intuitiva. La
unidad bésica de consulta es la proteina, a través
de la cual se puede recuperar informacion como
el experimento y la especie de origen, los identifi-
cadores o la lista de péptidos correspondiente a la
identificacion.

Conclusiones

El desarrollo de una base de datos que integre y
relacione la informacién generada en experimentos
de proteémica no solo supone la forma adecuada
de almacenar los datos sino que proporciona una
herramienta de gran utilidad para el anlisis e in-
terpretacion de los resultados de experimentos en
protedmica.
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5. PROTEOMICA VEGETAL

Analisis mediante electroforesis bidimensional de las diferencias de expresion
proteica producidas durante la maduracion del fruto y entre especies cultivadas
(Fragaria x ananassa) y silvestres (Fragaria vesca) de fresa
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Introduccion

Hasta ahora Gnicamente se han publicado dos
estudios de proteémica de fresa, y en ellos sélo
se analizaron diferencias entre frutos maduros de
diferentes variedades (Hjerng et al., 2006; Alm et
al., 2007). Mediante electroforesis bidimensional
hemos estudiado los cambios proteicos que ocurren
en la transicion de fruto verde a maduro, asi como
las diferencias que existen entre frutos rojos de es-
pecies cultivadas (Fragaria x ananassa) y silvestres
(Fragaria vesca).

Material y métodos

La extraccion de proteinas de frutos de fresa se
optimiz6 solubilizando las proteinas en fenol (Sa-
ravanan y Rose, 2004; Zheng et al., 2007). Para la
generacion de los geles bidimensionales se emplea-
ron tiras con gradiente de pH inmovilizado de 7 cm
y 17 ¢cm, de rangos de pH 3-10 lineal y 5-8 lineal.
Los geles se tifieron con Azul de Coomassie y se
analizaron las imagenes de tres réplicas de cada uno
de ellos con el programa informéatico PDQuest, bus-
candose proteinas de diferente abundancia entre los
extractos estudiados. Las proteinas seleccionadas se
analizaron mediante MALDI-MS/MS para obtener
la huella peptidica, y las busquedas se realizaron con
MASCOT en las bases de datos MSDB y FREST
(base de datos de ESTs de fresa).

Resultados

Los primeros experimentos se centraron en el pro-
ceso de maduracidn, y los primeros geles bidimensio-
nales (rango 3-10 lineal, 7 cm) permitieron comprobar
la reproducibilidad tanto entre diferentes extracciones
proteicas, como entre duplicados, y en diferentes apa-

ratos de isoelectroenfoque. Los geles analiticos corres-
pondientes a los estados de maduracion verde y rojo
maduro se generaron con tiras con gradiente de pH
inmovilizado de rangos 3-10 6 5-8, ambos de 17 cm.
Las tinciones con Azul de Coomassie permitieron re-
solver unos 400 puntos proteicos con pl entre 5y 8,y
masa molecular comprendida entre 15 kDa y 90 kDa.
Las imagenes de los geles se analizaron con el fin de
seleccionar proteinas expresadas mas de diez veces en
frutos verdes o rojos, para su posterior identificacion
por espectrometria de masas. Siguiendo la misma
metodologia se analizaron extractos de proteinas pro-
cedentes de frutos maduros de una variedad comercial
(Fragaria x ananassa, cv. Camarosa) y de una especie
silvestre (Fragaria vesca) de fresa. La comparacion
de estos geles mostré numerosas diferencias tanto
cualitativas como cuantitativas.

Conclusiones

El analisis de las proteinas seleccionadas por
su expresion diferencial entre frutos verdes y rojos,
ha permitido la identificacion de diversas proteinas
involucradas en la maduracion del fruto de fresa.
Con el programa informéatico PDQuest se han iden-
tificado 54 proteinas cuyo contenido en frutos ma-
duros es superior en mas de diez veces al contenido
de los frutos verdes. Se han analizado 10 proteinas
presentes en frutos verdes y ausentes en frutos rojos
de fresa, identificandose con éxito el 30% de ellas.
Por otro lado, se ha identificado con éxito el 53.6%
de las 41 proteinas mas abundantes en frutos rojos
analizadas (21 proteinas ausentes en frutos verdes
y 20 proteinas 10 veces mas abundantes en frutos
rojos). Entre éstas, destacan proteinas relacionadas
con la maduracion del fruto de fresa, como son una
quinona oxidorreductasa, una chalcona sintasa, y
una dioxigenasa.
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Resumen

Los climas mediterraneos semiaridos son espe-
cialmente limitantes para el establecimiento de repo-
blaciones forestales (Ceballos et al., 2004), siendo
el déficit hidrico, asociado a otros factores como las
altas temperaturas, el déficit de presién de vapor o las
elevadas radiaciones la causa principal de mortalidad
de la planta (Calamassi et al., 2001). Pinus hale-
pensis Mill. es capaz de sobrevivir en situaciones
de fuerte estrés hidrico siendo una de las especies
mas utilizadas en los programas de reforestacion del
sureste espafiol (Peman y Navarro, 1998).

La protedmica, a través del estudio de las protei-
nas presentes en una unidad biolégica, bajo condi-
ciones ambientales determinadas, constituye un buen
indicador del estado fisioldgico de la planta (Canovas
et al., 2004., Rossignol et al., 2006) y predictor de su
respuesta a estrés (Jorge et al., 2006). El objetivo de
este trabajo es aplicar la protedmica para el estudio
del efecto de la fecha de plantacién sobre una repo-
blacion de Pinus halepensis en el levante espafiol.

Se ensayaron dos fechas de plantacion, una
temprana (noviembre 2005) y una tardia (enero de
2006). Durante el primer afio se estudi6 la influen-
cia de la fecha de plantacion sobre las variables
supervivencia, crecimiento, potenciales hidricos,
capacidad fotosintética a traves de la fluorescencia
de la clorofila y sobre la expresion de proteinas. La

extraccion se realizé mediante el protocolo de Da-
merval (1986), tras la cual se realiz6 la separacion
de las proteinas mediante electroforesis bidimen-
sional en gel de poliacrialmida al 13%. Los geles
resultantes se digitalizaron y analizaron mediante
la aplicacién informatica PD-Quest (Bio-Rad). La
fecha de plantacion tuvo efecto sobre las variables
crecimiento y potencial hidrico, no siendo notable
su influencia sobre la supervivencia o la fluorescen-
cia de la clorofila. Mediante el analisis protedbmico
se encontraron algunas diferencias a nivel de expre-
sion de algunas proteinas que pueden servir como
marcadores moleculares de estrés hidrico.
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Introduccion

La encina (Quercus ilex L.) es la especie forestal
mas representativa del bosque mediterraneo. Muestra
gran variabilidad fenotipica, algo caracteristico de es-
pecies alégamas poco intervenidas por el hombre, de-
bido a su origen y condiciones ambientales (Jiménez
etal., 1999). En Espafia, es una especie ampliamente
utilizada en programas de reforestacion (Navarro y
Calzado, 2008, en prensa), y aungue se considera to-
lerante a la sequia, ésta constituye la primera causa de
mortalidad de individuos tras el transplante (Navarro
etal., 1998a, Navarro et al., 1998b).

En nuestros grupos de investigacion se esté
llevando a cabo un proyecto multidisciplinar con
la especie Q. ilex utilizando la protedmica como
herramienta clave. Los primeros trabajos pusieron
de manifiesto la existencia de gran variabilidad en
el perfil proteico 2-DE de hojas, tanto intra e inter-
poblacional, como en un mismo individuo (Jorge et
al., 2005), y pusieron de manifiesto cambios en el
mapa proteico en respuesta a estrés moderado (Jorge
et al., 2006).

Tras estos trabajos preliminares, se realizaron
nuevos experimentos con un doble objetivo: (i) ca-
racterizar la variabilidad genética de las poblaciones
para su posterior catalogacion utilizando bellotas, ya
que su proteoma se considera mas estable que el de
hojas y (ii) dilucidar los mecanismos moleculares
responsables de la respuesta a estrés hidrico a partir
de la identificacion de cambios en el patron de pro-
teinas en condiciones de sequia.

Material y métodos

Para los estudios de variabilidad se utilizaron be-
llotas de Q. ilex de cuatro poblaciones de Andalucia
geograficamente distantes. Para los ensayos de estrés
hidrico, se usaron hojas de plantones de Q. ilex de la
procedencia Extremadurense-Sierra Morena Occiden-
tal sometidos a tres tratamientos: i) riego a capacidad
de campo, ii) sequia (ho riego) durante 14 dias y iii)
sequia durante 7 dias mas 7 dias de riego. La extraccién
de proteinas se llevé a cabo por precipitacién con TCA/
acetona (Damerval et al., 1986). Las SDS-PAGE se rea-
lizaron en geles al 13% de poliacrilamida. Los IEF se
llevaron a cabo en tiras IPG 5-8 de 17 cm. Las imagenes
de los geles capturadas con un densitometro (GS-800,
BioRad) se analizaron con los programas QuantityOne
0 PDQuest (BioRad). Los spots diferenciales se escin-
dieron de los geles y analizaron por MALDI-TOF/TOF
0 LC-MS/MS. La identificacion de las proteinas se
realizo utilizando los motores de busqueda MASCOT
o0 ProteinPilot (Applied Biosystems).

Resultados

Las distintas poblaciones presentan patrones de
bandas (SDS-PAGE) o spots (2-DE) caracteristicos
y diferenciales, estableciéndose los agrupamientos fi-
logenéticos mostrados en la Figura 1. Algunos de los
spots diferenciales se identificaron como pertenecien-
tes al grupo de las leguminas. En respuesta a sequia,
se observo un descenso en la expresion de proteinas
de la fotosintesis (PSII OEC 1y 2) y ruta glicolitica
(triosafosfato isomerasa, fructosa bifosfato aldolasa).
En el tratamiento de recuperacion, las proteinas del
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metabolismo fotosintético tienen valores similares a
los del control, no asi las de la glicolisis, que no se
recuperan tras este corto periodo de riego.

Figura 1. Relaciones filogenéticos de las cuatro poblaciones
de encinas andaluzas calculadas con los patrones de bandas
(SDS-PAGE) (a) y de spots (2-DE) (b).

Proceso/proteinas Sequia Recuperacién
Fotosintesis
PSIT OEC 1 4 <>
PSII OEC 2 ¥ <>
Glicolisis
Triosafosfato isomerasa { {
Fructosa-1,6-bifosfato <= {
aldolasa
Estrés
Peroxidasa f <=
Peroxirredoxina (@] <>
Otras
Glutamina sintetasa <> }
Isoflavona reductasa % }
F23N19.10 v -

Tabla 1. Proteinas diferenciales identificadas y sus
correspondientes efectos en sequia y recuperacion con respecto
al control. ¥, el spot correspondiente disminuye en intensidad;
4 el spot aumenta en intensidad; O el spot desaparece; <=,
el spot presenta una intensidad similar a la del control.

Conclusiones

1. Es posible discriminar entre poblaciones de
encina mediante electroforesis SDS-PAGE
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y 2-DE. Un aspecto clave de esta linea de
investigacion es el uso de 6rganos de pro-
teoma estable, como son las semillas.

2. En condiciones de sequia moderada, se ob-
servo un descenso en la expresion de en-
zimas de la fotosintesis y la glicolisis. Las
primeras tienen un nivel similar al control
en las plantas recuperadas mientras que las
segundas no llegan a recuperarse tras el
corto periodo de 7 dias de riego.
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Introduccion

La conversion fotosintética de energia luminica
en el cloroplasto genera especies reactivas de oxige-
no. Una de dichas especies, el peroxido de hidrégeno,
juega un papel importante como molécula sefializado-
ra, pero debido a su conversion en radicales hidroxilo
altamente reactivos es toxica en concentraciones ele-
vadas (Apel y Hirt, 2004). El perdxido de hidrégeno
es fundamentalmente destoxificado en el cloroplasto
por medio de la ascorbato peroxidasa. Ademas, las
peroxirredoxinas juegan un papel importante en la
reduccién de peroxidos de hidrégeno (Dietz, 2003),
siendo reducidas por tiorredoxinas con electrones
procedentes del flujo fotosintético. Nuestro grupo ha
identificado un nuevo tipo de NADPH tiorredoxina
reductasa, NTRC, con un dominio tiorredoxina en
el extremo C-terminal y localizacion cloroplastidica,
capaz de reducir eficientemente una 2-Cys-peroxirre-
doxina cloroplastica en un sistema reconstituido in
vitro (Serrato et al., 2004). Mutantes knock-out para
NTRC de Arabidopsis muestran hipersensibilidad a
estrés oxidativo, sugiriendo que esta enzima puede
jugar un papel importante en la proteccion de la plan-
ta frente a este tipo de estrés (Pérez-Ruiz et al., 2006).
Con objeto de profundizar en el papel desempefiado
por NTRC, se ha llevado a cabo un anélisis proted-
mico comparativo de plantas silvestres y mutantes
deficientes en NTRC de Arabidopsis.

Materiales y métodos

Nuestro analisis se basa fundamentalmente en la
preparacion de fracciones estromaticas de cloroplas-
tos, y electroforesis bidimensional e identificacion
de proteinas mediante espectrometria de masas. Para
ello, se ha puesto a punto un método de aislamiento
de cloroplastos intactos y rotura controlada en tampén
hipo-osmético. Las proteinas del estroma se sometie-
ron a isoelectroenfoque en tiras de pH 3-10 no lineales
y separacion en geles de poliacrilamida. Finalmente,
se tifieron con plata o SyproRuby, identificandose los
spots de interés mediante analisis MALDI-TOF.

Resultados

El andlisis del proteoma estromatico en plantas de
Arabidopsis silvestres y mutantes crecidas en dia lar-
go mostré algunas diferencias de expresion de protei-
nas en ambos fondos, si bien el fenotipo de las plantas
crecidas tanto en dia largo (Figura. LA) como en dia
corto (Figura 1 B) sugeria la existencia de diferencias
mas drasticas. Las proteinas que se expresaban dife-
rencialmente en uno u otro fondo genético se anali-
zaron mediante espectrometria de masas, permitiendo
identificar proteinas implicadas en diversas funciones
celulares. En un experimento tipico (Figura 1C), 25
proteinas mostraron expresion diferencial, identifi-
candose 11 de ellas mediante MALDI-TOF. Entre
éstas cabe destacar proteinas del ciclo de Calvin y el
Ciclo Oxidativo de las Pentosas Fosfato, como la Ru-
bisco activasa (spots 2, 3y 16) y la fructosa bifosfato
aldolasa (spot 22). Otro grupo de spots corresponde
a proteinas del fotosistema 11, incluyendo la proteina
de 23kDa del Oxygen Evolving Complex (7, 8) y la
PSBP (Oxygen-Evolving Enhancer protein 2, calcium
ion binding; spot 9). Finalmente se han identificado
proteinas implicadas en el plegado proteico (Peptidil
isomerasa ROC4, spot 10) y de interaccién con RNA
y DNA (spots 4 y 19).

Fenotipo de plantas silvestres (izquierda A, B)
y deficientes en NTRC (derecha A, B) crecidas en
condiciones de dia largo (A) y corto (B). Las pro-
teinas del estroma se sometieron a electroforesis bi-
dimensional y tincién con plata (C) identificandose
los spots sefialados expresados diferencialmente en
el fondo silvestre (cuadrado azul) o mutante (circulo
rojo) mediante MALDI-TOF.

Conclusiones

Si bien el proteoma estromético de plantas sil-
vestres y deficientes en NTRC no muestra dife-
rencias drasticas en las condiciones analizadas, el
método puesto a punto en el laboratorio permitira
estudiar condiciones de estrés oxidativo en las que,
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dada la hipersensibilidad de las plantas mutantes,
son de esperar mayores diferencias en ambos pro-
teomas. Asi mismo es una herramienta til para el
andlisis de diferentes mutantes, deficientes en dis-
tintas enzimas que median la transferencia de poder
reductor del NADPH a los perdxidos, disponibles
en nuestro grupo con objeto de identificar posibles
rutas de destoxificacion dependientes de NTRC.
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Figura 1. Analisis proteémico comparativo del estroma de
plantas silvestres y deficientes en NTRC.

2DE vs cromatografia liquida ProteomelLab PF 2DE en embridn de trigo
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Introduccion

Los avances tanto en la separacion liquida de
proteinas como los realizados en los sistemas de
deteccion de proteinas han permitido desarrollar
otras ideas para la separacion de proteinas en dos
dimensiones, este es el caso de la casa Beckman
Coulter y su apuesta por un sistema de separacion
en dos dimensiones, acoplando a una cromatografia
en gradiente de pH una segunda separacion basada
en la hidrofobicidad de las proteinas. (Wall, D. B.,
etal., 2000) (Wall, D. B., et al., 2001) (Wang, H., et
al., 2002). La eleccion de una metodologia es critica
a la hora de estudiar mezclas complejas de proteinas
como demostraremos en esta comunicacion. Parti-
endo de una misma muestra, en este caso embrién
maduro de trigo, hemos separado extractos totales de
proteinas utilizando métodos convencionales 2DE y
sistemas de cromatografia liquida (ProteomeLab PF
2DE) (Andrea, P., et al., 2006). Nuestros resultados
indican que ambas metodologias son complemen-

tarias y nos ayudan a tener una visién mas amplia
del Proteoma.

Material y métodos

Como material vegetal utilizamos embriones de
trigo, (Triticum derum Desf.) de la variedad Oum
Rabiaa, variedad tolerante a sal y sequia. Los em-
briones maduros se separan del endospermo. En
mortero con nitrégeno liquido se trituran y se guar-
dan hasta la extraccion de proteinas a -80°C. (Brini,
F., et al, 2007)

- Extraccidn de proteinas para estudios 2DE:
150 mg de embriones de trigo se resuspen-
den en 1,2 ml de Tampo6n de lisis. (7 M
Urea, 2 M Tiourea, 18 mM TrisHCI pH 8.0,
4% CHAPS, 1% Triton X-100, suplemen-
tado con coctel de inhibidores de proteasas,
DNasa y RNasa). Se incuba 20 min a 4°C.
Se afiade DTT 14 mM. Las muestras se cen-
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trifugan a 350009 durante 10 min a 4°C. Se
separa el sobrenadante y se cuantifica con
BCA protein assay reagent kit (Pierce).

- Extraccién de proteinas para ProteomelLab
PF 2DE: 150 mg de embriones de trigo se
resuspenden en 1,2 ml de tampdn de lisis.
(6 M Urea, 2 M Tiourea, 10% Glicerol, 50
mM TrisHCI pH 8.0, 2% octal-pB-D-glu-
copyranoside, suplementado con coctel de
inhibidores de proteasas, DNasa y RNasa).
Las muestras se centrifugan a 35000g du-
rante 10 min a 4°C. Se separa el sobrena-
dante y se cuantifica con BCA protein assay
reagent kit (Pierce). A continuacion se cam-
bia el tampén de la muestra con columnas
PD-10 (ProteomeLab PF 2DE kit, Beckman
Coulter).

- Separacion 2DE y separacion mediante
ProteomeLab PF 2DE: La separacion 2DE
se realiz6 siguiendo las indicaciones de (
Irar. S., et al 2006) y la separacién con Pro-
teomeLab PF 2DE se realizé atendiendo
a (Ménica, S., et al, 2005) modificando el
tampon de lisis, no utilizamos TCEP y la
cantidad inicial de proteinas que inyecta-
mos fue de 2.5 mg.
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Resultados y conclusiones

Concluimos que la cromatografia liquida es mas
resolutiva a pl &cidos y basicos que la 2DE. Asi
mismo, la 2DE es mas resolutiva a pl entre 5.0-
6.5. La segunda conclusion que sacamos es que
el nimero de proteinas que se resuelve por ambos
métodos es similar. Esto significa que ambas meto-
dologias amplian la comprension del proteoma de
una muestra.
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Introduccion

El 6xido nitrico es una molécula esencial en la
regulacién de numerosos procesos fisioldgicos ve-
getales; concretamente, desempefia un papel crucial
durante la sefializacion en las respuestas de defensa
frente a patdgenos y ejerce su papel principalmente
a través de la modificacion reversible de los grupos

tioles de cisteinas (S-nitrosilacion) (Delledonne,
2005). La identificacion de las dianas de S-nitro-
silacion y de los residuos especificos impliados es
un paso previo indispensable para conocer los me-
canismos por los cuales esta molécula regula la
activacion de las respuestas de defensa en plantas.
Con este objetivo se ha llevado a cabo el presente
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trabajo utilizando el sistema modelo Arabidopsis
thaliana- Pseudomonas syringae.

Material y métodos

Se han preparado extractos proteicos a partir de
suspensiones celulares y hojas de Arabidopsis sin
tratar (controles), tratados con S-nitrosoglutation
(genera nitrosotioles in vitro) e infectadas con la
bacteria P. syringae (Maldonado et al., 2002). He-
mos usado el método del “biotin swich” (Jaffrey and
Snyder, 2001) para purificar selectivamente protei-
nas y peptidos nitrosilados, afiadiendo, en este Ulti-
mo caso un paso adicional de digestion con tripsina
previo a la purificacion, que a su vez se ha llevado a
cabo en condiciones reductoras o acidas. El analisis
se llevo a cabo mediante un sistema nano-HPLC
acoplado a un espectrometro de masas LTQ (Ther-
moFisher Scientific) (MS+MS/MS). La identifica-
cion de proteinas se llevo a cabo utilizando el motor
de busqueda MASCOT (Matrixscience, UK).

Resultados y conclusiones

Hemos identificado un listado de proteinas can-
didatos de S-nitrosilacion: in vivo (en respuesta a la
infeccién bacteriana) e in vitro (en las muestras trata-
das con S-nitrosoglutation) que pertenecen a diversos
grupos funcionales: proteinas relacionadas con las res-
puestas a estrés y defensa, sefializacion y regulacién,
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proteinas del citoesqueleto y enzimas del metabolismo.
Muchas de estas proteinas han sido descritas previa-
mente en Arabidopsis y en otros sistemas bioldgicos
en el contexto de la regulacion redox y S-nitrosilacion.
En paralelo y como parte del trabajo del “Nitroso-
team” (grupo de trabajo cuyo objetivo es el estudio
de este tipo de modificaciones en distintos sistemas
biol6gicos) estamos desarrollando una metodologia
para identificar péptidos nitrosilados que permitiria
identificar el residuo modificado. En el caso de la elu-
cion reductora todas las identificaciones positivas lo
hacen con péptidos que contienen cisteinas; en el caso
de la elucidn acida, la cantidad de positivos disminuye
drasticamente, lo cual era esperable debido a la frag-
mentacidn de la biotina, que en este caso queda unida
a los residuos de cisteina. Los resultados obtenidos
ponen de manifiesto la especificidad de la metodologia
utilizada y son indicativos de su viabilidad y potencial
para el estudio del S-nitrosoproteoma en plantas.
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Introduccion

El intercambio ditiol/disulfuro de las cisteinas
constituye la base molecular tanto para la regulacién
de una amplia variedad de actividades enzimaéti-
cas como para la transduccion de sefiales celulares
(Cooper et al., 2002). Por lo tanto, la basqueda de
proteinas con cisteinas reactivas y accesibles puede

contribuir a revelar nuevos mecanismos moleculares
de dichos procesos. Las tiorredoxinas conforman
una familia de enzimas con actividad redox que
catalizan la reduccion de enlaces disulfuro y &ci-
dos sulfénicos de otras proteinas. Recientemente,
la tiorredoxina de tipo m, TrxA, de la cianobacteria
Synechocystis sp. PCC 6803 se encontr( asociada a
membranas tilacoidales purificadas (Srivastava et
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al., 2005). Debido a la dificultad del trabajo con pro-
teinas de membrana, el estudio de éstas se ha pasado
por alto en muchos analisis protedmicos sobre la
interaccidn con tiorredoxinas (Meyer et al., 2005).

Materiales y métodos

En este trabajo hemos desarrollado un proce-
dimiento para aislar proteinas de membrana que
interaccionen con la tiorredoxina TrxA mediante
la union “in situ” a una tiorredoxina alterada (Tr-
XAC35S), con una sola cisteina en el sitio activo,
y con una secuencia adicional de seis histidinas, la
cual fue afiadida directamente a membranas intactas.
Posteriormente al fraccionamiento y solubilizacion
de las membranas, las potenciales proteinas diana
de tiorredoxina fueron aisladas mediante cromato-
grafia de afinidad por niquel y electroforesis des-
naturalizante bidimensional bajo condiciones no
reductoras en la primera dimension y reductoras en
la segunda.

Resultados

Utilizando este método hemos identificado 50
posibles proteinas diana de tiorredoxina, 38 de las
cuales han sido identificadas como tales por primera
vez para Synechocystis en este trabajo, aunque 10
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de ellas ya fueron descritas como tales en trabajos
previos para otros organismos. Entre las dianas cabe
destacar varias subunidades ATPasa de transporta-
dores y miembros de la familia AAA* de ATPasas,
e.g. FtsH. (Mata-Cabana, et al., 2007).

Conclusiones

En este estudio se describe por primera vez una
posible regulacion por la luz a través de tiorredoxi-
nas de procesos tales como el transporte a través de
la membrana o la proteolisis, con lo que se abren
nuevas vias de estudio para profundizar en estas
nuevas relaciones tanto en cianobacterias como en
otros organismos.

Bibliografia

Cooper, C.E., Patel, R.P., Brookes, P.S., Darley-Usmar,
V.M. Trends in Biochemical Sciences 2002, 27,
489-492

Mata-Cabana, A., Florencio, F.J., Lindahl, M. Proteom-
ics 2007, 7, 3953-3963

Meyer, Y., Reichheld, J.P., Vignols, F. Photosynthesis
Research 2005, 86, 419-433

Srivastava, R., Pisareva, T., Norling, B. PCC 6803.
Proteomics 2005, 5, 4905-4916

Tomato chromoplast proteome: challenges and perspectives

Petrizzo R.}, Reisinger V.2, Eichacker L.?, Rose Campbell J. K3, Bellido D.%, Oliveira E.*, Odena

MA?* and Boronat A.

!Department of Biochemistry and Molecular Biology, University of Barcelona, Faculty of Biology, Avda.
Diagonal 645, 08028-Barcelona. 2Department fur Biologie I, Ludwig-Maximilians-Universitat, Miinchen,
Germany. 2Emerson Hall Department of Plant Biology, Cornell University, Ithaca, NY 14853 USA.
“Plataforma de Protedmica, Parc Cientific de Barcelona, Campus Diagonal, Universitat de Barcelona, C/

Josep Samitier 1-5, 08028 Barcelona.

Introduction

In our work we focus on non-photosynthetic
plastids (i.e Chromoplasts) which are part of the
compartimentalised genetic machinery of the plant
cell and originated from endosymbiosis. Chromo-
plasts derive from the chloroplasts present in the

green fruit (Camara et al., 1995). The chloroplast to
chromoplast transition is marked by the degradation
of the thylakoid membrane system and the reduction
in the level of proteins associated with photosynthe-
sis (Cheung et al., 1995). The role of chromoplasts
in other metabolic processes relevant for fruit qual-
ity (such as the production of flavors, aromas, or
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defense compounds) remains unexplored. To evalu-
ate the metabolic role of chromoplasts during fruit
ripening we have undertaken a proteomic study of
this organelle. We report about different proteomics
technology to characterize the functional genome
of the organelle.

Material and methods

For chromoplast isolation and protein extrac-
tion, approxymatively 300 g of firm ripe tomato
fruits in a specific ripening stage (B+8 to B+12)
were collected from wild-type, T1 (DXS), and T2
(PSY). Fruits harvesting and protein preparation
were repeated from four independent batches of
plants, to give four independent biological replicate.
Chromoplasts from firm-ripe fruits have been puri-
fied using sucrose density-gradient centrifugation.
The purity of the isolated chromoplasts have been
evaluated by electron microscopy but also and the
use of enzymatic markers (cytosol, mitochondria,
peroxisome and ER). After extraction with a phenol
based protocol, proteins were labelled with CyDyes
DIGE® fluorochromes (GE Healthcare). Equal
amounts (50 ug) of transgenic (Cy3), Wt (Cy5)
and the mixture (Cy2) of the individually labeled
samples were loaded on the gel resulting in each 75
pg of protein from transgenic and Wt. First dimen-
sion (IEF) was carried out on both 18 and 24cm pre-
cast IPG strips (GE Healthcare) with a pH gradient
of 3-11INL. The second dimension (SDS-PAGE)
was performed using the Ettan DALTSsix system. To
ensure statistical significance 4 biological replicates
were used. After SDS-PAGE gels were scanned us-
ing a TyphoonTRIO (GE Healthcare). Gel images
were processed using the DeCyder Software v6.5
(GE Healthcare). After the Student’s t-test (P-values
<0.05), spots of interest were picked on preparative
gels containing 500 ug of a protein mixture from
all samples and stained by Colloidal Coomassie.
Picked spots were submitted to tryptic digestion and
analyzed by nanoLC/ESI-Q-TOF. BN-PAGE was
performed as described by Reisinger et al. (2006).
Acquired spectra were then searched with Mascot
(Matrix Science, UK) against the NCBI database
and blasted against the Tomato EST database.

Results

The total chromoplast proteome could be re-
solved into 660 protein spots after the application
of the filtering option offered by the DeCyder soft-
ware, and the gels showed a similar pattern, show-
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ing that protein extraction procedure, labeling and
2-D PAGE are reproducible. Our preliminary results
show clear differences between tomato chromoplasts
from Wt and transgenic lines. A number of spots dis-
playing at least 2-fold changes in relative abundance
were chosen for identification. Since tomato genome
has not been yet fully sequenced, the obtained MS
and MS/MS results were matched against all se-
guence data available on public databases using the
Mascot and dBEST engines. Chromoplast proteins
from wt and transgenic line that showed significant
changes in abundance were classified into different
categories. The dominant group of proteins chang-
ing in abundance in our study was defence/repair
and ripening related.

Conclusions

In conclusion, in this study we applied subcel-
lular fractionation and protein quantification using
differential gel electrophoresis (DIGE) to obtain a
first insight into tomato chromoplast proteome of wt
and transgenic fruits. We know that 2D-DIGE and
DeCyder image analysis is a sensitive, MS-com-
patible, and reproducible technique for identifying
statistically significant differences in the protein
expression profiles of multiple tomato samples. The
differential analysis revealed the presence of sig-
nificant differences in 62 spots; 45 of them were
identified by nanoLC-ESI-MS/MS. The identified
proteins, differentially expressed in the transgenic
line and that participate in specific carotenoid ac-
cumulation within the tomato chromoplasts but also
in other plastid metabolic functions, indicating that
carotenoid accumulation involves a more complex
mechanism than just accumulation of the caroten-
oid biosynthetic pathway enzymes. We identified
those spots having moderate and intense fluores-
cence intensity. Spots with lower intensity and some
spots corresponding to low MW proteins were not
identified. This is probably due to the shift that low
MW proteins labelled with CyDye do have in DIGE
studies. This study not only provides a new insight
into carotenoid accumulation within the chromo-
plast of transgenic lines of tomato fruit, but also
demonstrates the importance of subfractionation
for the full understanding of the changes in protein
abundance during metabolic responses.

The proteins identified by DIGE analysis were
grouped in functional categories: 1) metabolism;
2) ionic channels, ion transporter and related; 3)
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defence/repair; 4) miscellaneous; 5) Unknown; 6)
Not identified. Membrane protein complexes were
also studied using BN-PAGE. The BN-SDS PAGE
technique has been proven to be a good method
to resolve highly hydrophobic integral membrane
proteins from chromoplast preparations. These
membrane protein complexes are just now being
analyzed by nanoLC/ESI-Q-TOF. With BN-PAGE
we have been able to get for the first time the chro-
moplast membrane pattern and to identify all sub-
units of the ATPase complex and 2 subunits of the
NdhI complex. The last one was also confirmed by
in gel enzymatic assay, indicating a possible role of
that complex in chromorespiration.
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Introduccion

El uso de la técnicas protedmicas para el ana-
lisis de la respuesta de las plantas a cambios en su
entorno estd mereciendo un interés creciente (ver
revisiones Rossignol et al., 2006; Jorrin et al., 2007).
El cloroplasto ha resultado ser un eficaz sensor am-
biental y en los Gltimos afios se han registrado nota-
bles avances en el conocimiento de su proteoma (ver
PPDB, http://ppdb.tc.cornell.edu/subproteome.aspx;
van Wijk 2004). Analisis protedmicos recientes han
destacado ademas el papel de este organulo en la
defensa de la planta frente al ataque por patégenos y
en las rutas de sefializacion que éstos desencadenan
(Jones et al. 2006; Zhou et al. 2006). En ensayos
previos con plantas de Nicotiana benthamiana in-
fectadas con PMMoV hemos detectado cambios en
el proteoma cloroplastidico de la planta huésped que
afectaban al sistema de oxidacion/fotolisis del agua
(Pérez-Bueno et al., 2004); en el presente trabajo,
hemos profundizado en el impacto causado por la
infeccion viral en la expresion proteica de este or-
ganulo.

Material y métodos

El cultivo de plantas, asi como la infeccién ex-
perimental, se realizaron segin Pérez-Bueno et al.,
(2004) y las preparaciones cloroplastidicas se ais-
laron de plantas control e infectadas (Reche et al.,
1997) a los 14 dias post-inoculacion. Los cambios
en el proteoma cloroplastidico de N. benthamia-
na durante la infeccion con la cepa espafiola de
PMMoV (PMMoV-S) fueron analizados mediante
electroforesis bidimensional (rangos de pH 4-7 y
6-11; Pineda, 2007), seguida de espectrometria de
masas (MALDI-TOF/TOF MS) y busqueda en bases
de datos.

Resultados y conclusiones

La técnica de electroforesis bidimensional
permitio la obtencion de mapas proteicos de clo-
roplastos de plantas control, en los que se distin-
guieron al menos 200 manchas, de las cuales un
75% aparecieron en el rango de pH 4-7. Se consi-
guieron identificar un total de 72 polipéptidos, 55
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de ellos en el rango de pH 4-7. La mayor parte de
las proteinas identificadas pertenecian a la cadena
de transporte de electrones fotosintético y al ciclo
de Benson-Calvin. La infeccién por PMMoV-S de
plantas de N. benthamiana indujo la regulacién
a la baja de algunas proteinas constituyentes del
cloroplasto.
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Introduccion

La protedmica vegetal es un campo de investiga-
cion emergente que cobra gran interés para el trata-
miento holistico de los sistemas bioldgicos (Chen y
Harmon, 2007). Dado que se encuentra todavia lejos
de igualar los estandares de los sistemas de levadu-
ras y mamiferos, cualquier informacion acerca de un
subproteoma vegetal y sus modificaciones en respues-
ta a distintas condiciones de crecimiento o estrés, ad-
quiere un alto valor. Las plantas son organismos sésiles
gue responden a cambios en el medio modificando sus
caracteristicas fisicoquimicas, lo que les otorga una
gran plasticidad (Casal et al., 2004). Por esta razén,
los nlcleos vegetales presentan un alto numero de
proteinas implicadas en mecanismos de transduccion
de sefiales y regulacion génica (Bae at al., 2003).

En nuestro laboratorio estamos interesados en
los cambios que ocurren en el subproteoma nuclear
de A. thaliana en respuesta al suministro de azlca-
res. La funcion reguladora de los azlcares es cono-
cida desde hace tiempo. Sin embargo, poco se sabe
acerca de la maquinaria transcripcional involucrada,

sobre todo qué factores de transcripcién controlan
la expresion de genes sometidos a regulacion por
azlcares. En ese sentido hemos desarrollado un
protocolo con el cual, mediante un acercamiento
protedmico, pretendemos identificar los factores de
transcripcion y proteinas sefializadoras que modulan
la respuesta en funcién del azlcar afiadido.

Material y métodos

El método se basa en la utilizacion de dos téc-
nicas bioquimicas de elevada resolucion: la electro-
foresis bidimensional y la espectrometria de masas
MALDI-TOF. El protocolo disefiado se basa en la
purificacion de ndcleos de plantas de A. thaliana var.
Col-0 cultivadas en medio MS (control) y medio MS
suplementado con 5% (p/v) de sacarosa; extraccion
de las proteinas nucleares con alta fuerza i6nica y en-
riquecimiento de las muestras en potenciales factores
de transcripcion. Este Gltimo paso incluye tratamien-
tos cromatogréficos clasicos como la filtracion en gel
en columna de Sephadex, y una cromatografia de
afinidad en la que se utiliza una matriz de heparina-
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sulfato. En ambos pasos cromatograficos se emplea
el sistema AKTAFPLC™, Las fracciones proteicas
son sometidas a una electroforesis bidimensional:
isoelectroenfoque en strip ReadyStrip™ IPG y sepa-
racién en SDS-PAGE en geles Criterion XT Bis-Tris
(Bio-Rad). Los geles son tefiidos inicialmente con
SYPRO Ruby y subsecuentemente con Coomas-
sie coloidal. Las proteinas de interés son analizadas
mediante espectrometria de masas MALDI-TOF e
identificadas con el programa MASCOT.

Resultados

Hemos obtenido mapas de referencia de la com-
posicion del subproteoma nuclear de A. thaliana en
presencia o0 ausencia de sacarosa. Se han analizado
las proteinas que presentan expresion diferencial
en ambas condiciones experimentales. Asimismo,
se han analizado proteinas cuya expresion no varia
en ambos tratamientos y que permiten caracterizar
de forma general este subproteoma nuclear de A.
thaliana. De las 36 proteinas analizadas en un ex-
perimento tipo, se identificaron 15, que se presentan
agrupadas atendiendo a su funcién celular en la
tabla I. Cabe destacar la identificacion de 4 protei-
nas involucradas en sefializacion y regulacion de la
expresion génica como es el caso de FRIGIDAY de
ATMYB3R4 cuya expresion parece, respectivamen-
te, aumentar y reprimirse en presencia de sacarosa.
El grupo mas representativo corresponde a proteinas
implicadas en el metabolismo del carbono, méas con-
cretamente en el metabolismo de los azucares.
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Conclusiones

En conjunto, estos resultados preliminares su-
gieren que la respuesta a azlcares en plantas esta
sometida a un mecanismo de regulacién en el que
intervienen varias vias de transduccion de sefia-
les que posiblemente estén interconectadas. Hasta
ahora nos hemos centrado Unicamente en la bds-
queda de factores de transcripcion implicados en la
respuesta al suministro de sacarosa, y los resulta-
dos obtenidos parecen confirmar nuestro abordaje.
Eventualmente, para la completa identificacion y
caracterizacion de estas proteinas se requiere la
aplicacion de otros métodos bioquimicos y mole-
culares. En suma, se trata de un abordaje bastante
prometedor para la definicién de un subproteoma
nuclear de Arabidopsis, permitiendo descubrir
“cuanto” y “qué” cambia, a este nivel, en respuesta
al suministro de azucares.
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Tabla 1. Identificacion de las proteinas nucleares posiblemente involucradas en la modulacién de
la respuesta al suministro de sacarosa. p.l.. punto isoelectrico. +. Proteinas cuya expresion parece ser
inducida por sacarosa. -. Proteinas cuya expresion parece ser reprimida por sacarosa. Nimeros sin signos.
Proteinas que se expresan de igual forma en ambas condiciones experimentales.

Masa

Categoria Proteina Descripcion Spot L
g P P Molecular P
Implicado en el proceso de floracion, regulando la transicién|
Sefializacién FRI entre la fase vegetativa y la fase reproductiva 2+ 18731 Da 4,74
Y, Factor de transcripcién involucrado en procesos de
y regu!aclon CPC diferenciacion celular 4 21378 Da 4,60
genica ATMYB3R4 Factor de transcripcién 1- 18237 Da 5,49
GLP3 Implicado en el mecanismo de respuesta al frio 14382 Da 5,86
P;?:i::;;i?ﬂzzg;izd Actividad de transferencia de grupos glucosil 5 16904 Da 11,41
ESM1 Implicado en el metaboli de losiziicares 8+ 44061 Da 7,30
Metaboli TGG1 Implicado en el metaboli de losiziicares 9+ 50544 Da 6,12
del carbono Xiloglucosil Implicado en el metab ". de los gl actividad 6 34002 Da 7,00
transferaa hidrolitica
TGG2 Implicado en el metaboli: dﬁlos azicares, con actividad 10 53880 Da 6,43
PYK10 Actividad B-glucosidasa 7- 60000 Da 6,75
. Implicado en los de splicing, exportacién y
Mst?l;{)l\l;zmo SAD1 transporte del mRNA. Responde a la presencia de ABA y 1+ 10658 Da 4,17
¢ privacion de agua
R;e':"[;;f/:’“ MSH2 Implicado en los de reparacion del DNA 5 30633Da | 8,23
caracljeoizadas Pr:(:lell;ztl;eglzzleos?: a Funcién desconocida 4+ 19969 Da 4,95
0 +
Hipotéticas 20 2 Desconocidas 56- izggg g: 3:?;
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Effects of Cd in the root proteome of tomato plants

Rodriguez-Celma J, Lépez-Millan AF, Abadia A, Abadia J.

Departamento de Nutricion Vegetal, Estacion Experimental Aula Dei (CSIC), Apdo. 202, Zaragoza, E-

50080.

Introduction

Heavy metals constitute a heterogeneous group
of essential and non-essential elements. Non-essen-
tial heavy metals such as Cd behave as phytotoxic
elements, even when present at low concentrations
(Vazquez et al., 1992). Cd accumulation in soils
may come from different sources, such as air pollut-
ants and soil applications of commercial fertilizers.
When present, Cd is easily taken up by plant roots
and mobilized throughout the plant, where it can
reach edible parts and become a potential hazard for
human and animal health. The aim of this work was
to investigate the effects of Cd on the root proteomic
profile in tomato to further understand the physi-
ological responses of plants to heavy metals.

Material and methods

- Plant Culture: Tomato (Lycopersicon esculentum)
plants were grown as described in Zouari et al.,
2001. Nutrient Solution was supplied with 0, 10,
or 100 uM CdCl,.

- Growth Parameters: Ten days after treatment on-
set plants were harvested. Each plant was divided
in leaves, stems, and roots, fresh and dry weights
were recorded, and ca. 1 g root samples were fro-
zen in liquid N,. Cd concentration in plant tissues
was determined by ICP after tissue digestion in a
microwave system.

- Protein extraction: Frozen root tissues were
ground in a Retsch M301 mill and proteins were
extracted with phenol, precipitated and resuspen-
ded in rehydration buffer (Meyer et al., 1988)

- 2D electrophoresis: A first dimension IEF separa-
tion was carried out on 7 cm ReadyStrip IPG Strips
(pH 5-8; BioRad), with a linear pH gradient in a
PROTEAN IEF Cell (BioRad). SDS-PAGE (12%
polyacrylamide) was carried out at 20 mA per gel
for 1.5 h, and gels were subsequently stained with
Commassie-blue and analysed with the PDQuest
8.0 program (BioRad). Experiment was repeated 5
times with 2 different plants per batch.

Results

Cd in nutrient solution decreased root and shoot
fresh and dry masses, when compared to control
plants. Plants grown with Cd had brownish roots
and showed necrotic lesions in the leaf blades. Cd
concentrations in roots from plants grown with 0,
10 and 100 uM Cd were 0.7, 1607 and 4731 ug g*.
Two-dimensional separation of root extracts from
plants grown with 0, 10, 100 uM Cd resolved 194,
193 and 162 spots, respectively. Averaged polypep-
tide maps analysis indicated that the 10 uM Cd treat-
ment caused increases in signal intensity in 35 spots
and decreases in 16 spots, when compared to control
plants. Also, 7 and 1 spots were only detected in
plants grown with 10 and 0 uM Cd, respectively.
When analyzing plants grown with 100 uM Cd, 17
and 47 spots increased and decreased their signal
intensity, and 4 and 11 spots were only detected in
the 100 and 0 uM Cd grown plants, respectively.
From the spots whose intensity changed with Cd
supply, 11 spots increased their signal intensity in
both 10 and 100 uM Cd treatment, while 7 spots
decreased in both.

Conclusions

Cd toxicity induces significant changes in to-
mato development and root proteome. Further in-
vestigation is needed in order to identify the spots
that showed changes in intensity with Cd supply and
thus better understand plant physiological responses
to Cd toxicity.
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6. PROTEOMICA CLINICAAPLICADA

Estudio de la interaccion de las porinas PorA y PorB de Neisseria por
incorporacion en liposomas y “Blue Native Electrophoresis”
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Introduccion

En Neisseria meningitidis las proteinas mayo-
ritarias de la membrana externa, las porinas PorA'y
PorB, son los principales componentes de las actua-
les vacunas desarrolladas contra el meningococo de
serogrupo B. Hasta la actualidad se ha establecido
que ambas porinas poseen una estructura homotrimé-
ricay que de forma minoritaria podrian estar forman-
do heterotrimeros PorA/PorB. Esta hip6tesis esta
basada en estudios con porinas recombinantes en los
gue Unicamente se utiliza uno de los dos tipos de pro-
teinas (Derrick, 1999). En este trabajo se utilizaron
de manera conjunta las dos porinas recombinantes
con el fin de estudiar la interaccion entre ambas. El
entorno de la membrana externa se simuld mediante
su reconstitucion e incorporacion en liposomas y la
caracterizacion de los complejos formados se llevd
a cabo utilizando la denominada “Blue Native Elec-
trophoresis” (Shagger y von Jagow, 1991).

Material y métodos

El clon de expresion de la porina recombinan-
te PorA fue amablemente cedido por el grupo del
Dr. Feavers del NIBSC, Reino Unido. La porina
recombinante PorB fue cedida por el grupo del Dr.
Gorringe de la HPA, Reino Unido.

- Expresion y purificacion de las proteina
recombinante PorA: las células transfor-
madas de Escherichia coli conteniendo el
plasmido de expresion se hicieron crecer en
medio YTX2 con kanamicina. La expresion
de la proteina se indujo afiadiendo IPTG y
se solubiliz6 con tampon de lisis (urea 8 M,
NaH,PO,0.1 M, Tris-HCI 10 mM pH 8.0 e
imidazol 20 mM) y posterior sonicacion.
Finalmente, la rPorA se purificé por IMAC
(immobilised metal affinity chromatogra-
phy) con una columna de Ni-NTA.

- Renaturalizacion de las proteinas recombi-
nantes por incorporacién en liposomas: las
laminas lipidicas para la obtencion de los
liposomas se prepararon en un rotavapor a
25°C disolviendo en cloroformo L-a-fosfa-
tidilcolina y colesterol, en una proporcion
de 7:2. La incorporacion en los liposomas
de la rPorA, de la rPorB o de ambas a la
vez, se realizé disolviendo la lamina lipi-
dica en HEPES 10 mM (pH 7.2) con oc-
tyl-B-D-glucopiranosido y la/s proteina/s a
una concentracion de 1mg ml2. Las vesicu-
las unilaminares se obtuvieron por dialisis
frente a PBS con 0.0001% de timerosal v,
posterior sonicacion.

- Caracterizacion de los complejos de las po-
rinas por electroforesis 2D BN /SDS-PAGE:
la primera dimension en “blue native elec-
trophoresis” se llevo a cabo utilizando el
sistema de geles NativePAGE™ Novex®
Bis-Tris de Invitrogen. La muestra se pre-
pard en Bis-Tris 50mM con &cido amino
caproico 1M, dodecil-maltosido al 10% y
Coomassie® G-250 al 5% y se cargd en
geles con un gradiente de poliacrilamida del
3-12%. Tras el tratamiento a 85°C de la pri-
mera dimension en tampdn de muestra con
DTT, la caracterizacion de los complejos se
realizé en SDS-PAGE utilizando un gel del
10% y tincion con Coomassie.

Resultados

Los homocomplejos constituidos exclusivamen-
te por la porina rPorA son complejos con tres movi-
lidades electroforéticas y probablemente originados
por la asociacion de un namero diferente de moné-
meros. De igual modo, la asociacion de subunida-
des de la porina rPorB da lugar a homocomplejos
con diferentes movilidades electroforéticas, pero
en este caso son dos los tipos de homocomplejos
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detectados. Sin embargo, cuando ambas porinas son
utilizadas conjuntamente, Gnicamente se obtiene un
tipo de complejo heteromérico (Figura 1).
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Figura 1. Andlisis por 2D BN/SDS-PAGE de los complejos
de porinas recombinantes de Neisseria incluidas en
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liposomas. (a) Caracterizacion de homocomplejos de
rPorA; (b) Caracterizaciéon de homocomplejos de rPorB;
(c) Andlisis de la interaccion entre entre la rPoAy la rPorB.
Encima de cada gel se muestra la correspondiente primera
dimension por ““blue native electrophoresis™. Las imagenes
se corresponden a tinciones con Comassie.

Conclusiones

El analisis por electroforesis 2D BN/SDS-PAGE
de los complejos formados al incluir en liposomas
los dos tipos de porinas de Neisseria, permitié com-
probar que cuando ambas porinas estan presentes
en la membrana lipidica, éstas interaccionan para
reorganizarse formando Gnicamente heterocomple-
jos PorA/PorB.
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El gen NcGRAY codifica el antigeno inmunodominante de 17-KDa de Neospora
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Introduccion

La fraccion antigénica de 17-19 kDa (pl17) de
Neospora caninum es el principal antigeno inmu-
nodominante reconocido por sueros de bovinos
infectados naturalmente con N. caninum en geles
de poliacrilamida unidimensionales (SDS-PAGE)
(Alvarez-Garcia et al., 2002).

Material y métodos y resultados

Con el objetivo de identificar las proteinas
gue componen la fraccion p17, en primer lugar, se

construy6 una genoteca de cDNA de taquizoitos
de N. caninum la cual, posteriormente, se enfren-
té a un anticuerpo purificado por afinidad que
reconocia la fraccion pl7 (APAL17). Se aislaron
varios clones de cDNA cuya secuencia presentd
un 100% de identidad con el gen NcGRA7que
codifica la proteina NcGRA7 de 33 kDa (Lally et
al., 1997). A continuacién se realiz6 un abordaje
protedmico en el cual se combind la electroforesis
en geles bidimensionales de poliacrilamida (2D-
PAGE), el western blot y la espectrometria de
masas con la finalidad de caracterizar la fraccion
pl7. Tanto el anticuerpo APA17 como los sueros
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de bovinos con una infeccion natural reconocie-
ron dos proteinas acidas minoritarias de 17 y 33
kDa, las cuales a su vez estaban compuestas por
4 y 2 isoformas, respectivamente. La fraccion
pl7 resuelta mediante 2D-PAGE se sometio a
secuenciacion peptidica mediante espectrometria
de masas obteniéndose una secuencia parcial de
17 aminoécidos. La secuencia obtenida corres-
pondié a la region amino terminal de la proteina
NcGRA7. Finalmente, la proteina NcGRA7 fue
clonada sin el péptido sefial localizado en el ex-
tremo amino terminal y expresada en Escherichia
coli, siguiendo la metodologia descrita por Fer-
nandez-Garcia et al. (2006). Cuando se analizd
la proteina recombinante (rNcGRA7) mediante
SDS-PAGE vy espectrometria de masas se resol-
vieron dos bandas de 24 y 33 kDa que correspon-
dieron a la proteina NcGRA7.
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Conclusiones

Los resultados obtenidos demuestran que el gen
NcGRAY codifica el antigeno inmunodominante de
N. caninum (Alvarez-Garcia et al., 2006).
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Analisis protedmico de la matriz exocelular (ME) de las biopeliculas formadas
por una cepa silvestre y por una mutante del hongo Candida albicans con una
interrupcion en el gen PGAL0 que codifica para una proteina que contiene el
dominio CFEM rico en cisteina
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Introduccion

Candida albicans es un hongo patdgeno oportu-
nista capaz de producir graves infecciones sistémi-
cas en individuos inmunocomprometidos. Entre los
atributos bioldgicos que le confieren a C. albicans su
potencial patogénico, la capacidad de formar biopeli-
culas parece jugar un papel esencial. Las biopeliculas
son comunidades celulares altamente organizadas
con una compleja estructura tridimensional, adheri-
das a un sustrato sélido (biol6gico o no biol6gico),
en la que las células se encuentran embebidas en una
matriz exocelular (ME) formada por polisacaridos,
proteinas y otros componentes minoritarios. La ME
juega un papel critico en el mantenimiento de la in-

tegridad estructural de las biopeliculas y en la protec-
cion de las células frente a factores externos adversos
como el sistema inmunitario y/o el tratamiento con
antimicrobianos (Branda et al., 2005). Por lo tanto,
un mejor conocimiento a nivel molecular y funcional
de los constituyentes mayoritarios de la ME podria
ser esencial en el desarrollo de nuevas estrategias
para el diagndstico, prevencién y control de las can-
didiasis (Thomas et al., 2006).

La formacion de biopeliculas es un proceso bio-
I6gico muy complejo durante el cual las células fun-
gicas deben establecer multiples interacciones con el
entorno ambiental. En este contexto, se ha descrito la
presencia en C. albicans de una familia de proteinas
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gue contienen un dominio formado por 8 cisteinas, de-
nominado CFEM (common in several fungal gxtrace-
Ilular membrane proteins), y que pueden actuar como
receptores de superficie, en transduccion de sefiales,
y como moléculas de adhesion en las interacciones
huésped-parasito (Kulkarni et al., 2003). Nuestro gru-
po ha clonado un gen que codifica la sintesis de una
proteina de la familia CFEM (PGA10; también desig-
nado como RBT51 y HPBL), obteniéndose el mutante
nulo para dicho gen (pgal0A), que forma biopeliculas
muy fragiles y con poca capacidad de adherencia al
sustrato (Figura 1 B) frente a lo observado en la cepa
parental (Figura 1 A) (Pérez et al., 2006).

Material y métodos

Con objeto de profundizar en el conocimien-
to de los componentes proteicos de la ME y ca-
racterizar especies que puedan ser esenciales en el
establecimiento y mantenimiento de la integridad
estructural de las biopeliculas, se ha procedido a
realizar un andlisis protedmico de las proteinas de la
ME extraidas mediante tratamiento secuencial con
etanol (Figura. 2, calles Ay C) y B-mercaptoetanol
(B-ME) (Fig. 2, calles B y D) de las biopeliculas
formadas por la cepa parental (CAI4-URA3) y la
mutante nula para el gen PGA10 (pgalOA). Las
especies solubilizadas fueron separadas mediante
SDS-PAGE (Figura. 2) y las bandas seleccionadas
sometidas a analisis proteémico.

Resultados y conclusiones

El andlisis comparativo de los diferentes ex-
tractos puso de manifiesto la existencia de diferen-
cias en los respectivos perfiles proteicos (Figura 2),
detectandose especies que se expresan diferencial
0 mayoritariamente en la ME de la cepa parental
(CAI4-URA3). Se destaca la presencia de 2 especies
proteicas, una proteina de 29 kDa miembro de la fa-
milia ThiJ/Pfpl con propiedades antigénicas que se
encuentra de forma mayoritaria en la ME de la cepa
parental (bandas 1y 5) respecto a la cepa mutante
(bandas 7y 9) y otra proteina peptidil-propil isome-
rasa (cyplp) que liga ciclosporina. Esta proteina se
encuentra tanto en la cepa parental (banda 2) como
en la mutante (banda 8).
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Figura 1. Cutivo de las cepas parental (CAI4-URA3) y
mutante (pgal0A).
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Figura 2. Perfiles electroforéticos (SDS-PAGE) de extractos
de la ME de células CAI4-URA3 y pgalOA, obtenidos
mediante tratamiento secuencial con etanol (Ay C) y B-
mercaptoetanol (B y D)
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Proteomic analisys of human articular chondrocytes treated with glucosamine
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Introduction

Osteoarthritis is the most common joint disease
in the world, and it is rapidly becoming a major
public health issue among the aged population. The
initiating event of osteoarthritis is still unknown
and believed to be multifactorial. It is characterized
by quantitative and qualitative destructive changes
in the architecture and composition of all the joint
structures. Chondrocytes are the only cell type that
is present in mature cartilage, and is responsible for
repairing the damaged tissue.

In vitro and in vivo studies on chondrocytes and
experimental animal model treated with sympto-
matic slow-acting drugs, such as glucosamine com-
pounds, have suggested their capability to inhibit
cartilage destruction and to promote disease sup-
pression (Scotto d’Abusco et al., 2007). However,
their exact mechanisms have not been completely
elucidated. In order to describe more clearly the
effects of glucosamine compounds on cartilage biol-
ogy, we have analyze whether glucosamine sulphate
(GS) is able to modify the protein expression profile
of normal chondrocytes stimulated with interleukin-
1B (IL-1B) and/or to modify the protein expression
profile of osteoarthritic chondrocytes in basal con-
dition.

Materil and methods

Chondrocytes were obtained from 3 osteoar-
thritic patients undergoing joint replacement, and
from 1 healthy donor. Normal chondrocytes were
treated with GS 10mM and IL-1B 10ng/mL, while
osteoarthritic chondrocytes were treated with GS
10mM alone. Whole cell proteins were isolated 24
hours after cellular stimulation and resolved by two-
dimensional electrophoresis (2-DE) as previously
described (Ruiz-Romero et al; 2005). The gels were
stained with SYPRORuby and digitized using a

CCD. The images analysis was performed using the
PDQuest 7.3.1 computer software. Using PDQuest
tools, protein spots were enumerated, quantified and
characterized with respect to their molecular mass
and isoelectric point by bilinear interpolation be-
tween landmark features on each image. Protein ex-
pression data from each gel were normalized for the
total density present in the gel images. Some of the
altered proteins were identified by matrix-assisted
laser desorption/ionization-time of flight (MALDI-
TOF) or MALDI-TOF/TOF mass spectrometry.

Results

We examined a mean of 500 protein spots that
were present in each gel. Both qualitative and quan-
titative changes in protein expression patterns be-
tween controls (normal chondrocytes stimulated
with IL-1B and osteoarthritic chondrocytes in basal
condition) and treated cells (normal chondrocytes
stimulated with IL-18 + GS 10 mM and osteoarthrit-
ic chondrocytes stimulated with GS 10 mM alone)
were studied. In normal chondrocytes, 39 protein
spots were modulated by GS treatment compare to
the control condition. In osteorthritic chondrocytes,
11 protein spots were found to be statistically altered
in GS treated cells compare to the untreated cells
(p<0.05). Identified proteins are listed in the Table.
The most of them (36,8%) are involved in cellular
metabolism (in particular glycolysis), protein fold-
ing (36,8%) and stress response (10,5%).

Conclusions

This preliminary study describes the differences
between the protein expression profiles of normal
and osteoarthritic chondrocytes treated with glu-
cosamine sulphate. We have identified novel molec-
ular targets that maybe could explain the beneficent
effects of glucosamine sulphate in osteoarthritic
treatment.
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Protein identified in normal chondrocytes
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NAME Protein ID  Ratio IL-1B +GS/IL-1B  SSP (PDQuest)
Protein disulfide-isomerase precursor PDIAL 6.39 611
78 kDa glucose-regulated protein precursor GRP78 7.89 802
Heat shock cognate 71 kDa protein HSP7C 7.57 1820
Protein disulfide-isomerase A3 precursor PDIA3 10.89 2610
Protein disulfide-isomerase A3 precursor PDIA3 10.00 3601
Superoxide dismutase [Mn], mitochondrial precursor SODM 0.17 7002
Annexin A2 ANXA2 4.01 7201
Annexin A2 ANXA2 2.63 7210
Alpha-enolase ENOA 0.50 7402
Pyruvate kinase isozymes M1/M2 KPYM 0.61 8607

Protein identified in osteoarthritic chondrocytes

NAME

Protein ID  Ratio GS/untreated cells SSP (PDQuest)

14-3-3 protein theta (14-3-3 protein tau)
Calumenin precursor (Crocalbin)
Endoplasmin precursor (GRP94)

Endoplasmin precursor (GRP94)

L-lactate dehydrogenase B chain

Isocitrate dehydrogenase [NADP] cytoplasmic
Inosine-5’-monophosphate dehydrogenase 2+
Glucose-6-phosphate 1-dehydrogenase
Destrin (Actin-depolymerizing factor)

1433T 6.53 206
CALU 227 602
ENPL 2.70 1701
ENPL 21 1702
LDHB 2.73 4302
IDH1 1.4 7605

”\égF',*é* No in GS 7706
DEST 143 9002
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Introduccion

La mitocondria esta involucrada en numerosos
procesos celulares, y se ha demostrado que disfun-
ciones mitocondriales estan asociadas con apoptosis,

envejecimiento y numerosas condiciones patolégi-
cas, incluyendo la osteoartritis (OA). El objetivo de
este trabajo es analizar los cambios en las proteinas
mitocondriales caracteristicas de condrocitos OA
mediante técnicas de protedmica.
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Material y métodos

Los condrocitos fueron obtenidos a partir de 12
pacientes; de los cuales 6 eran OA que se sometie-
ron a un reemplazamiento articular, y los otros 6
cartilagos se obtuvieron de autopsias de pacientes
gue no mostraban enfermedades articulares. Las mi-
tocondrias fueron aisladas por homogeneizacion y
centrifugacion diferencial. El analisis de la expresion
diferencial se llevo a cabo usando tecnologia dife-
rencial en gel de electroforesis (differential in-gel
electrophoresis technology: DIGE). Las muestras de
proteinas mitocondriales tanto controles como OAs
fueron marcadas con diferentes fluoroforos mezclan-
dose por pares, y se resolvieron conjuntamente en una
electroforesis bidimensional, utilizando un pool de
todas las muestras como control interno. Las image-
nes de los geles fueron adquiridas usando el escaner
Typhoon, y el analisis de la variacion biolégica se lle-
Vo a cabo usando el software DeCyder 6.5. Proteinas
relacionadas con la OA fueron identificadas usando
MALDI-TOF (Matrix-Assisted Laser Desorption/
lonizacién-Time Of Flight) o espectrémetro de ma-
sas MALDI-TOF/TOF. Los andlisis estadisticos y
clustering fueron realizados usando el software EDA
Module of DeCyder. Estos resultados fueron valida-
dos por Western blot e inmunoflorescencia.
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Resultados

Examinamos més de 1500 manchas que se de-
tectaron en seis geles de DIGE. Se estudiaron tanto
los cambios cuantitativos como los cualitativos en
la expresion de proteinas entre las mitocondrias de
los condrocitos controles y los condorcitos OA.
Encontramos que 36 proteinas se expresaban signifi-
cativamente mas en condrocitos OA al compararlos
con el patron de condrocitos controles (ratio OA:
N>1.3, p<0.05), incluyendo la proteina asociada con
el receptor de TNFo (TRAPL) y dos subunidades
del complejo | de la cadena respiratoria mitocon-
drial (Tabla). También detectamos que la expresion
de 60 proteinas se encontraba disminuida en con-
drocitos OA, incluyendo dos mitofilin y dos iso-
formas de la superoxido dismutasa. El andlisis de
componentes principales y hierarchical clustering
nos permitid reconocer las muestras de OAy de los
controles mediante su perfil proteomico. Los re-
sultados obtenidos para TRAP1 fueron confirmados
mediante inmunoflorescencia, PCR a tiempo real y
Western blot. Esta proteina se encuentra aumentada
en condrocitos procedentes de la zona profunda del
cartilago OA.

Proteina  Ratio T-test Nombre
THIM 1.61 0.0015 3-ketoacyl-CoA-thiolase
KAD4 152  0.014 Adenylate kinase isoenzyme 4, mitochondrial
; . . IMMT 1.50 0.038  Mitochondrial inner membrane protein (mitofilin), isoform 1
Proteinas mitocondriales TRAP1 1.47 0.041  TNF receptor-associated protein 1 (Hsp75)
aumentadas en OA . )
SCOT 141  0.035 Succinyl-CoA 3-ketoacid coenzyme A transferase 1
NDUV1 1.36 0.029 NADH dehydrogenase (ubiquinone) flavoprotein 1, mitochondrial prec.
NDUS8 1.32 0.031 NADH dehydrogenase (ubiquinone) iron-sulfur prot 8, mit. precursor
OPA1l -1.34  0.0038 Dynamin-like 120 kDa protein, mitochondrial
VDAC2 -1.36  0.049 \oltage-dependent anion-selective channel protein 2
HIBCH -1.36  0.049 3-hydroxyisobutyryl-CoA hydrolase, mitochondrial precursor
ECHA -14  0.036 Trifunctional enzyme subunit alpha, mitochondrial
IMMT -1.4 0.0066 Mitochondrial inner membrane protein (mitofilin), isoform 2
ODPA 15 0017 SPg/rruvate dehydrogenase E1 component o sub, mitoch. precur
Proteinas mitocondriales SODM -1.5 0.011 Mn Superoxide dismutase
disminuidas en OA IDHP -1.5  0.0074 Isocitrate dehydrogenase (NADP), mitochondrial precursor
DHSA -1.56 0.007 Succinate dehydrogenase [ubiquinone] flavoprotein subunit
GLSK -1.6  0.007 Glutaminase kidney isoform, mitochondrial precursor
SODM -1.6 0.0024 Mn Superoxide dismutase
IDH3A -1.69 0.015 Isocitrate dehydrogenase [NAD] subunit alpha
IMMT -1.7  0.021 Mitochondrial inner membrane protein (mitofilin), isoform 3
ETFA -1.7  0.038 Electron transfer flavoprotein subunit o, mitochondrial precursor
IDH3A -1.9  0.038 Isocitrate dehydrogenase [NAD] subunit alpha

Conclusiones

En este estudio describimos las diferencias entre
los perfiles proteicos mitocondriales de condrocitos

control y OAs, poniendo de manifiesto las alteracio-
nes mitocondriales que tienen lugar en la degrada-
cién del cartilago durante la osteoartritis.
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Analisis proteémico bidimesional del condrocito humano normal bajo el efecto

de IL-1py TNF-a
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Introduccion

La interleuquina 1 (IL-1pB) y el factor de necro-
sis tumoral o (TNF-a) se han agrupado clasica-
mente dentro del mismo tipo de citoquinas presentes
en diferentes patologias reumaticas. Sin embargo,
nuestro equipo ha demostrado que en determinados
modelos de muerte celular, ejercen diferentes ac-
ciones sobre los condrocitos, tnico tipo celular del
cartilago articular (Lopez-Armada et al; 2006). El
presente estudio se ha desarrollado para determinar
el conjunto de las proteinas del condrocito humano
normal en cultivo, moduladas por IL-1 y TNF-a,
asi como para encontrar las diferencias en los pa-
trones de expresion proteicos de ambas citoquinas.

Material y métodos

Los condrocitos humanos normales se aislaron de
cartilago obtenido de autopsias de donantes sin histo-
rial de enfermedad articular. Las células se incubaron
48 horas en condiciones basales, con IL-18 (5 ng/ml)
0 TNF-o. (10 ng/ml) y se obtuvieron los extractos
totales de proteinas. Un pool de cuatro donantes, se re-
aliz6 para cada condicion por duplicado y se resolvid
por 2-DE segun el protocolo previamente descrito
por nuestro grupo (Ruiz et al; 2005). Las manchas se
visualizaron con Sypro. Los andlisis cuantitativos y
cualitativos se hicieron con el PD-QUEST software.
La proteinas se identificaron por espectrometria de
masas usando tecnologia MALDI-TOF/TOF.

Resultados

El nimero de proteinas moduladas por IL-1 es
mayor que las moduladas por TNF-a, demostrando
un efecto diferente de la IL-1f sobre el patron de ex-
presion proteico que el TNF-o. Diferentes manchas,
moduladas por estas dos citoquinas, no estaban pre-
sentes en condiciones basales (29 por IL-1p y 11 por
TNF-a) cuando se analizé el analisis del proteoma

total. Del mismo modo 3 y 2 manchas, respectiva-
mente, desaparecieron tras el tratamiento con IL-18y
TNF-a, en relacion a la condicion basal. Finalmente,
21 manchas se hallaron en los extractos de IL-1f pero
no en los de TNF-q, y 5 estaban presentes en TNF-a.
pero no en los de IL-1f. En relacion a las diferencias
cuantitativas, el nivel de expresion de 21 manchas se
modicé con IL-1p, y 13 manchas con TNF-a, en rel-
acion a la condicion basal. Encontramos 13 proteinas
modificadas de modo diferente entre ambas citoqui-
nas. Las proteinas identificadas se agruparon segln
su funcién. Del total de las proteinas identificadas
y reguladas por estas citoquinas encontramos que el
17.5 % del total, estan involucradas en respuestas de
estrés celular y defensa, el 15% en metabolismo, el
27.5% en organizacion celular, el 10% en produccién
de energia, el 22.5% en sintesis de proteinas y el 7.5%
en transduccion de sefales.

Conclusiones

Nuestros estudios indican que las citoquinas
IL-1B y TNF-a, poseen un patron diferencial de
expresion de proteinas en el condrocito normal hu-
mano en cultivo. Algunas de estas proteinas juegan
un papel relevante en rutas de estrés celular, de-
gradacion o glicolisis. EIl profundo conocimiento
del conjunto de las proteinas moduladas por ambas
sustancias puede ayudarnos en la busqueda de fu-
turas dianas terapéuticas en relacion a diferentes
patologias articulares, en las que IL-18 y TNF-a
juegan un papel relevante.
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Caracterizacién immunoprotedémica de preparados antigénicos usados en el
diagnostico de dos nematodos parasitos: Trichinella spiralis y Anisakis simples
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Introduccion

Numerosos estudios han descrito la existencia
de reacciones cruzadas entre antigenos de diver-
sos helmintos, incluso alejados desde el punto de
vista taxondmico, como la tropomiosina, enolasa o
actina. La tendencia actual a incluir en la alimen-
tacion carnes o pescados crudos, poco cocinados,
ahumados, en salazén o secos, facilita las zoonosis
causadas por nematodos como Trichinella spiralis
0 Anisakis simplex (Moller y col , 2007). En este
trabajo nos propusimos identificar los principales
antigenos comunes entre dos especies de nematodos
alejados tanto en sus hospedadores definitivos natu-
rales como en la localizacion anatdmica en casos de
infeccion humana, pero con el nexo epidemiolégico
de ser parasitos trasmitidos por alimentos.

Material y métodos

Se empled el método de ELISA para determinar
las posibles reacciones cruzadas entre sueros de
ratones BALB/c inoculados con larvas via oral o
inmunizados con antigenos larvarios procedentes de
T. spiralis 0 A. simplex. Posteriormente se realizaron
los correspondientes geles monodimensionales, 2D
y Western-blots con aquellos sueros que mostraban
mayor inmunoreactividad. Para la identificacién
de las proteinas comunes entre ambos parasitos se
emple6 MALDI-TOF y MALDI-TOF/TOF, utili-
zandose las bases de datos del NCBI y Swiss-Prot/
TrEMBL (www.expasy.ch/sprot), ademas de la base
completa para Caenorhabditis elegans, ya que no
existen bases de datos disponibles de A. simplex ni
de T. spiralis.

Resultados

En el caso de las inmunizaciones con antigeno,
los anticuerpos anti-A. simplex reconocieron mas
proteinas en el antigeno de T. spiralis, observandose
el hecho contrario en el caso de las infecciones con
larvas vivas, donde los anticuerpos anti-T. spiralis

reconocieron las principales proteinas de su antige-
no homologo. A pesar de las limitaciones debidas
al escaso numero de proteinas de estos parasitos
anotadas en las bases de datos, se identificaron las
siguientes proteinas que mostraban reaccion cruzada
entre ambas especies: Hsp 70, fosfoenolpiruvato
carboxilasa, fosfoglucomutasa, glutamato DHG,
enolasa y varias proteinas de funcion desconocida
de C.elegans.

Conclusiones

Estos resultados confirman la utilidad de la
protedmica como herramienta para la busqueda de
nuevas dianas diagnosticas en el campo de la Pa-
rasitologia. La inmunoglobulina que desencadeno
menor reaccion cruzada fue la IgE, confirmando su
utilidad en el diagndstico de ambos paréasitos. Las
proteinas responsables de las reacciones cruzadas
entre A. simplex y T. spiralis son proteinas que par-
ticipan en procesos metabdlicos, y por tanto, alta-
mente conservadas. La proteina de choque térmico
(HSP 70) identificada en el antigeno de A. simplex y
gue genera reaccidn cruzada con T.spiralis, presenta
una elevada homologia con la proteina de Wuche-
reria bancrofti, lo que resalta el grado de conser-
vacion entre especies. La enolasa juega un papel
importante en la aparicion de reacciones cruzadas
entre A. simplex y T. spiralis, pero debido a que esta
presente en numerosos organismos invalida su uso
en el inmunodiagnostico. Estas proteinas pueden ser
causantes de reacciones cruzadas en el diagndstico
de anisakidosis por estar presentes como alerge-
NOS en humerosos organismos. Hay que destacar la
identificacion de una multicistatina en T. spiralis,
dentro de cuyas funciones destaca la evasion de la
respuesta inmune.
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Introduccion

La triquinelosis, es una enfermedad producida
por nematodos del género Trichinella, que se ad-
quiere por el consumo de carne poco cocinada de
varios tipos de animales (cerdo, jabali, caballo, etc)
y que presenta una prevalencia mundial de alrede-
dor de 11 millones de casos. El diagnostico clinico
es dificil ya que la sintomatologia es poco especi-
fica. Las manifestaciones de la infeccion se inician
con sensacion de malestar, dolor de cabeza, fiebre,
diarrea, dolor abdominal, y contintian durante la
fase aguda con edema facial y mialgia. El tratamien-
to consiste en benzimidazoles (mebendazol o alben-
dazol) y glucocorticoides, pero para que sea efectivo
deben administrarse durante la fase aguda. Por ello
es fundamental realizar un diagnostico precoz de
la enfermedad (Dupouy-Camet y col., 2003). En el
presente trabajo nos propusimos evaluar mediante la
combinacion de 2D-western-blot y espectrometria
de masas, la respuesta humoral generada tras una in-
feccion por Trichinella y comprobar si sufre alguna
modificacion tras la administracion de Albendazol
como tratamiento. Si no se realiza tratamiento o
si este es ineficaz las larvas L1 alcanzan mediante
circulacion sanguinea las fibras musculares donde
se enquistan y permanecen viables durante largos
periodos de tiempo.

Material y métodos

Se emplearon los sueros de 9 pacientes tras un
brote de triquinelosis producido en Polonia en el afio
2006. Se les realiz6 un seguimiento serologico antes
y después del tratamiento. Los niveles de anticuerpos
especificos se evaluaron mediante ELISA indirecta.
Posteriormente los extractos crudos proteicos de las
larvas L1 se prepararon por sonicacion, seguida de
extraccion en tampoén Tris-CIH y centrifugacion.
Seiscientos microgramos de proteinas fueron adsor-

bidos sobre tiras IPGs de 18 cm, con un gradiente de
pH 3-10y sometidos a isoelectroenfoque en un sis-
tema IPGphor. La segunda dimension se realizé en
geles SDS-PAGE al 12.5%. Sobre geles réplica se
realizaron los correspondientes western-blots, em-
pleando los sueros de cada paciente antes y después
del tratamiento. El estudio se esta completando con
el anélisis por espectrometria de masas (MALDI-
TOF y MALDI-TOF/TOF). Para la identificacion
se emplearon las bases de datos del NCBI y Swiss-
Prot/TrEMBL (www.expasy.ch/sprot), ademas de la
base completa para Caenorhabditis elegans, ya que
no existen disponibles bases de datos de aminoaci-
dos y nucleétidos de Trichinella.

Resultados

Todos los individuos presentaron sintomatologia
compatible con triquinelosis y excepto uno, el resto
presentd valores de anticuerpos por encima del cut-
off. En el perfil inmunoproteico antes del tratamien-
to, se detectaron numerosos antigenos en el rango de
pH de 3-5 como serin proteasas, gp 53, gp43 y un
grupo de proteinas en 8-10 de pl que no pudieron ser
identificadas. Tras el tratamiento los cambios méas
evidentes afectaron a un grupo de proteinas de PM
de unos 25 kDa y pl entre 6-7.

Conclusiones

Estos resultados, aunque preliminares confirman
la utilidad de la proteébmica como herramienta para
el seguimiento de la eficacia en el tratamiento de
esta parasitosis.
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Introduction

Peptidome profile of human fluids (urine, sera,
plasma, tears, etc.) is nowadays an extended interest-
ing tool that permits the identification of novel dis-
ease-associated biomarkers (Pisitkun 2006, Villanue-
va, 2004). However a wide range of pre-analytical
considerations in variability and efficacy terms must
be born in mind (Fiedler 2007). Our aim is to stand-
ardize different magnetic bead separation protocols
followed by matrix-assisted laser desorption/ioniza-
tion time of flight (MALDI-TOF) mass spectrometry,
for every studied fluid that will allow us to get the
most reproducible information contained in such flu-
ids, considering different variables which have been
described as variability and reproducibility factors.

Material and methods

Magnetic Beads with different surface function-
alities (hydrophobic interaction, cation exchange
and metal affinity) have been evaluated for peptide
extraction from the fluids used (urine, plasma and
sera). Performance and variability has been calcu-
lated for all the characteristic mass signals obtained
from the samples that have been processed after fil-
ters and different sampling proceedings. A MALDI-
TOF mass spectrometer (Ultraflex; Bruker Dalton-
ics) was used for peptidome profiling with minimal
modifications of the standard parameters.

Results

Evaluation of sampling performance. We consid-
ered the previously described factors (3)(Fiedler 2007)
which are freeze-thaw cycles and PH neutralization
effect as an important source of variability in the ac-
curacy and reproducibility of the relative peak intensi-
ties as well as the number of them in the evaluation of
the results of three different urine samples processed
after and between three freeze-thaw cycles and with
and without PH correction before freezing. We did
not observe any considerable adverse influence in

peaks signal number at a global analysis peaks level.
We have evaluated additionally the process in vari-
ability coefficient terms considering both automated
and manual mode. For this purpose we have processed
four samples of urine from different healthy volun-
teers by triplicate and during three consecutive days in
order to evaluate reproducibility in the way proposed,
obtaining a reduction of one half of variability coef-
ficient using the automatic extraction. In addition we
carried out an evaluation process of different surface
functionalities for peptide extraction as well as an
adapted protocol in volume and incubation times for
each surface, obtaining the best protocol in our hands
for every fluid and surface considered.

Conclusions

Although we do not disregard to consider in
the future to study different sources of variabil-
ity (Fiedler 2007) when more deeply analysis are
performed for individual peaks, we can conclude
basing ourselves on the contradictory literature and
on our own experience that these variables are lab-
depending. Nevertheless for pattern studies we will
process all samples including in our experiments in
the exact same conditions in order to get the best
reproducibility. Moreover comparing processing
methods, we obtained a result of a clear reduction
of variability when samples were processed in an
automatic way (52% for manual and 25% for auto-
matic mode of variability coefficient).
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Introduccion

La fosfatasa 2A (PP2A) es una serin /treonin
fosfatasa ubicua implicada en la regulacion de mal-
tiples rutas de sefializacion celular, algunas de ellas
directamente relacionadas con la patologia artrésica
(OA), como son la proliferacion y la muerte celular
por apoptosis. El cartilago artrésico se caracteriza
por poseer una poblacion celular disminuida, como
consecuencia de una menor proliferacion y a un
aumento del grado de apoptosis, por lo que estos
y otros eventos celulares caracteristicos de la OA
podrian ser consecuencia de un distinto patrén de in-
teraccion de la PP2A con otras proteinas. El objetivo
de este trabajo fue identificar y comparar el patron
de proteinas que interaccionan con la PP2A a través
de su subunidad catalitica (PP2Ac) en condrocitos
normales y OA en cultivo.

Material y métodos

Los condrocitos humanos se aislaron de carti-
lago, bien obtenido de autopsias de donantes sin
historial de enfermedad (condrocitos normales), o
bien a partir de pacientes artrésicos sometidos a
cirugia sustitutiva (condrocitos OA). Las células
son mantenidas en cultivo hasta alcanzar la con-
fluencia, momento en el cual se lisan para obtener
los extractos de proteina totales. Por otro lado, para
sobrexpresar la proteinas de fusion GST-PP2Ac,
el fragmento de cDNA que codifica la PP2Ac fue
subclonado en el sitio BamHI y EcoRI del vector
pGEX-6P. El pldsmido recombinante fue trans-
formado en la cepa BL21 de E. coli, y la expresion
de GST-PP2Ac fue inducida con 1mM de isopro-
pyl p-D-1-tiogalactopiranésido (IPTG) a 37°C
durante 6h. Las bacterias fueron lisadas mediante
sonicacion en buffer de lisis. El sobrenadante fue
incubado con gluthatione-sepharose (GE Health-
care). Posteriormente, las beads fueron lavadas,
e incubadas con los lisados celulares procedentes
de condrocitos OA y normales, para realizar los

ensayos de union in vitro y aislamiento por GST-
pulldown. Un pool de cuatro donantes se realizd
por cada condicion por duplicado y se resolvid
por 2-DE segun el protocolo previamente descrito
por nuestro grupo (Ruiz et al; 2005). Las manchas
se visualizaron con Sypro. Los analisis cuantitati-
vos y cualitativos se hicieron con el PD-QUEST
software. Las proteinas se identificaron por espec-
trometria de masas usando tecnologia MALDI-
TOF/TOF.

Resultados

El nimero de manchas visualizado fue 67, de los
cuales se consiguieron identificar 35. No se obser-
varon diferencias cualitativas entre OA 'y normales,
pero si se observaron diferencias cuantitativas (6),
de las cuales se lograron identificar, por el momen-
to, dos de ellos, que resultaron ser las subunidades
Ay B de la ATP sintetasa. El analisis cuantitativo
mostré unos valores de interaccion con la subunidad
catalitica de la fosfatasa 2A de 0.39 para la subuni-
dad A (OA vs 1.00 en normales) y de 0.48 para la
subunidad B.

Conclusiones

El patrén de proteinas que interaccionan con la
PP2A es diferente en condrocitos normales y artro-
sicos. Existe una menor interaccion in vitro de la
PP2A con la ATP sintetasa en los condrocitos artro-
sicos. Es necesario realizar estudios que confirmen
estas interacciones in vivo para valorar su posible
significado fisiolégico.
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Introduccion

Candida albicans es el principal hongo patégeno
en humanos, particularmente en pacientes inmunocom-
prometidos. Es un hongo polimaérfico que crece tanto
en forma de levadura como de hifa (Martinez-Lépez,
R. et al., 2004). Se sabe que las proteinas de mem-
brana plasmaética ancladas a glicosilfosfatidilinositol
(GPI) juegan un importante papel en la morfogénesis
del hongo y en la organizacion de la pared celular. Es-
tas proteinas conservan una serie de caracteristicas: un
péptido sefal en el extremo N-terminal para su entra-
da en la ruta de secrecion y un dominio hidrofébico en
el extremo C-terminal que sera eliminado y sustituido
por el anclaje GPI (Richard, M. et al., 2002).

Material y métodos

Para obtener una vision general de la proteinas
de membrana ancladas a GPI en C. albicans, hemos
puesto a punto un método de extraccion y posterior
identificacion mediante herramientas protedmicas. La
aproximacion fue partir de protoplastos de C. albicans
(los protoplastos son células sin pared celular). Tras
lisar estos protoplastos se tratan con carbonato sédico
(para abrir y lavar los microsomas) y se ultracentrifuga
para obtener una muestra enriquecida en membranas
plasméticas. Estas membranas se extraen con Triton
X-114 (para enriguecer en proteinas de membrana
(proteinas hidrofobicas)) y se tratan con una enzima,
la fosfatidilinositol fosfolipasa C (PI-PLC), que hidro-
liza el fosfatidilinositol liberando las proteinas GPI
solubles de la membrana. Posteriormente, se procede
a la identificacion de estas proteinas mediante croma-
tografia liquida acoplada a espectrdmetros de masas
tipo MALDI-TOF-TOF y trampa i6nica lineal.

Resultados y conclusiones

Hasta el momento se han identificado las si-
guientes proteinas: Ca0188 (proteina de funcion
desconocida); Ca5476 (proteina de funcién desco-
nocida); Ca3867 (proteina Phr2), implicada en mor-
fogénesis y virulencia; Ca4800 (proteina homéloga
a Phrl, Phr2 y Phr3), implicada en la sintesis de la
pared celular y en el mantenimiento de ésta; Ca3115
(proteina Ecm33.3), implicada en la organizacion de
la pared celular, en virulencia y en morfogénesis;
Ca4180 (proteina Exg2), implicada en el ensamblaje
del B-glucano en la pared celular; Ca4857 (proteina
Phrl), implicada en el mantenimiento de la pared
celular, en morfogénesis y en virulencia; Ca0605
(proteina Utr2), implicada en la adhesion celular,
en la biogénesis de la pared celular y en virulencia;
Cal720 (proteina de funcion desconocida), Ca4700
(proteina Sap9), parece ser que es requerida en pato-
génesis; Ca3834 (proteina PIb3), proteina con acti-
vidad fosfolipasa. Para completar el estudio de estas
proteinas queremos analizar su expresion diferencial
en diversas condiciones como el dimorfismo leva-
dura-hifa y en la interaccion con el macréfago. Los
resultados que se obtengan nos daran informacion
sobre la posible implicacién de estas proteinas en la
virulencia del hongo.
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Cell signaling proteomics in colorectal cancer

Madoz-Gurpide J, Fernandez-Carbonie F, Alfonso P, Casal I.

To gain further insight into alterations in cellular
pathways, tumor profiling and marker discovery in
colorectal cancer (CRC) we have used a new antibo-
dy microarray specific for cell signaling. Soluble pro-
tein extracts were prepared from paired tumor/normal
biopsies of 11 patients diagnosed of colorectal carci-
noma at different stages, four liver carcinomas were
used as a reference. Antibody microarray analysis
identified 46 proteins that were differentially expre-
ssed between normal colorectal epithelium and ade-
nocarcinoma. These proteins gave a specific signature
for CRC, different from other tumors, as well as a
panel of novel markers and potential targets for CRC.
Twenty-four proteins were validated by using a spe-
cific colorectal cancer tissue microarray and immu-
noblotting analysis. Together with some previously
well known deregulated proteins in CRC (j3-catenin,
c-myc, or p63), we have found new potential markers
preferentially expressed in CRC tumors: cytokeratin
13, calcineurin, Chkl, clathrin light chain, MAPKS,
phospho-PTK2/FAK (S910) and MDM2. Chk1 anti-
bodies were particularly effective in discriminating
between tumoral and normal mucosa in CRC. Mo-
reover, a global picture of alterations in signaling pa-
thways in CRC was observed, including a significant
up-regulation of different components of the EGFR
and Wnt/B-catenin pathways and the down-regulation
of p1447F, The experimental approach described here
should be applicable to other pathologies and neopla-
SiC processes.
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Introduccion

En la actualidad la neosporosis bovina, originada
por Neospora caninum, esta considerada como una
de las principales causas de fallo reproductivo en el
ganado bovino (Dubey et al., 2007). Por su parte la
besnoitiosis bovina, causada por Besnoitia besnoiti,
provoca esterilidad en los machos, deterioro del es-
tado corporal en las hembras y se encuentra en ex-
pansion en los paises del sur de Europa (Cortes et al.,
2005). Ambos agentes presentan en su ciclo biolégico
dos estadios diferentes de desarrollo, el taquizoito
- responsable de la fase aguda de la infeccion - y el
bradizoito - responsable de la fase cronica-. Por otra
parte, comparten organelas tipicas del phylum Api-
complexa (roptrias y micronemas) que intervienen
en los procesos de adhesion-invasion de la célula
hospedadora y que parecen estar relacionadas con
su virulencia. Nuestro interés reside en identificar
proteinas implicadas en la virulencia y/o especificas
de estadio de N. caninum y B. besnoiti mediante el
empleo de técnicas protedmicas, las cuales podrian
ser de utilidad diagndstica e inmunoprofilactica.

Material, métodos y resultados

La técnica Ettan 2-D DIGE se emple0 en primer
lugar para estudiar la variabilidad en el proteoma de
tres aislados de N. caninum que presentaron diferen-
cias de patogenicidad en un modelo experimental
murino (Collantes-Fernandez et al., 2006). Se de-
tectd una expresion diferencial significativa (+ 1,3,
p<0,05) en un nimero de manchas proteicas que
vario en funcion del par de aislados comparado (de
9 a 65). Algunas de las proteinas fueron identificadas
(NcNTPasa, NcMIC1 y actina) estan involucradas
en los procesos de invasion/ adhesion celular del
parésito. Esta técnica también se empleo en la iden-
tificacion de proteinas especificas de estadio (taqui-
zoito o bradizoito) tanto en N. caninum como en B.
besnoiti. Un total de 82 y 262 manchas proteicas se

expresaron significativamente de forma diferencial
entre ambos estadios en N. caninum y B. besnoiti,
respectivamente. En cada caso se identificaron al
menos 10 proteinas especificas de bradizoito me-
diante espectrometria de masas, destacando en B.
besnoiti las enzimas ENO1 y LDHII, descritas en
otros protozoos apicomplexa. Finalmente, el Glti-
mo abordaje consisti6 en la obtencién de fracciones
enriquecidas en micronemas y/o roptrias a partir de
taquizoitos de N. caninum mediante fraccionamiento
celular (Kawazoe et al., 1992). Las distintas fraccio-
nes obtenidas mostraron perfiles protéicos diferentes
por SDS-PAGE vy la seleccion de las fracciones de
interés se realiz6 mediante western blot con anti-
cuerpos especificos frente a proteinas presentes en
estas organelas. A partir de estas fracciones se esta
procediendo a la identificacion de nuevas proteinas.

Conclusiones

Los resultados preliminares obtenidos ponen de
manifiesto la utilidad de las técnicas protedmicas
en el estudio de diferentes aspectos de la biologia
de estos protozoos relevantes en Sanidad Animal,
posibilitando la identificacion de nuevas dianas te-
rapéuticas e inmunoprofilacticas implicadas en la
virulencia y/o especificas de estadio.
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Introduccion

Blue Native (BNE; Schagger 1991), Clear Nati-
ve (CNE; Schagger 1994) y High Resolution Clear
Native Electrophoresis (hrCNE; Wittig 2007) son
técnicas analiticas no desnaturalizantes que permi-
ten la separacion de complejos proteicos en funcion
de su tamafio sin alterar su estructura nativa, ya
que utilizan detergentes suaves en la solubilizacion
de los mismos. En la BNE se incluye el colorante
anionico Coomassie Blue G-250 tanto en la muestra
como en el tampdn de catodo para conferir a los
complejos la carga necesaria para su migracion y
evitar la formacion de agregados. En la CNE no se
emplea este colorante por lo que solo tendran movi-
lidad electroforética los complejos con carga nega-
tiva a pH neutro. En la hrCNE se utiliza una mezcla
de detergentes neutros y anidnicos en el tampon de
catodo para provocar la formacion de micelas que
confieren a los complejos una carga negativa. Tras la
separacion nativa, una segunda dimension en SDS-
PAGE, permite la identificacion e las subunidades
gue forman los distintos complejos. En este trabajo
se compara el poder de resolucion de cada una de las
técnicas de separacién y anélisis de los complejos
proteicos de membrana de Neisseria meningitidis.

Material y métodos

Para el andlisis de los complejos se utilizaron
vesiculas de membrana externa (OMVs) de la cepa
H44/76. Los complejos fueron extraidos de las
OMVs utilizando ac. aminohexandico. Posterior-
mente, la muestra se solubilizé con el detergente
no ionico dodecyl-pB-D-maltosido, eliminando el
material no solubilizado mediante ultracentrifuga-
cion. El tratamiento de la muestra varié segun el
tipo de electroforesis. En la BNE , muestra y tampon
de catodo contienen Coomassie, al 0.5% y 0.002%
respectivamente. En la CNE, ni la muestra ni el
tampdn de catodo llevan colorante. En la hrCNE el

tratamiento de la muestra es igual que en la CNE,
pero el tampdn de catodo contiene Dodecyl-B-D-
maltosido 0.02% y Deoxicolato sodico 0.05%.

Resultados

Las principales diferencias encontradas entre los
perfiles de las primeras dimensiones (fig. 1,A) se en-
cuentran en los complejos comprendidos entre 130 y
230 KDa, correspondientes a complejos de porinas.
BNE y hrCN ofrecen una buena resolucion de los
mismos, aunque se observan ciertas diferencias en
sus pesos moleculares . En CNE no aparecen estos
complejos sino uno de 350 KDa con muy baja defi-
nicion, debido a la ausencia de un agente que con-
fiera la carga negativa, necesaria para la migracion
hacia el &nodo. Las 2D en SDS-PAGE obtenidas a
partir de las 1D nativas con BNE y hrCNE (fig.1,
B y C) evidencian una mayor capacidad resolutiva
de la técnica hrCNE, ya que se consigue un muy
buen enfoque de cada de las subunidades de los
complejos proteicos, facilitando asi su asignacién a
un determinado complejo.

Conclusién

A la vista de los resultados obtenidos podemos
concluir que hrCNE es la mejor técnica para la se-
paracién de complejos proteicos de membrana en su
conformacion nativa debido a su excelente enfoque
y reproductibilidad .
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Introduction

Our aim was to validate a peptidomic pattern in
urine as a model of non-invasive method of predic-
tion to differentiate healthy fluid from those affected
by a glomerular disease. This will be a starting point
for a more ambitious study that will permit us to
characterize more deeply peptides or a combination
of them as potential biomarkers associated to such
different disease patterns (Varghese, 2007).

Material and methods

After an extensive evaluation (Data presented
at this same congress SeProt 2008) of peptidome
separation method based in Magnetic Bead surfaces
with different functionalities (hydrophobic interac-
tion, cation exchange and metal affinity). We opted
for a reversed phase C18 (Dynal) to automatically
extract the peptidomic fraction. We considered 45
patients with the most representative glomerular di-
sease (Membranose nephropathy, IgA nephropathy,
Focal segmental glomerulosclerosis, minimal-chan-
ge disease and others) and 10 healthy subjects. A
MALDI-TOF mass spectrometer (Ultraflex; Bruker
Daltonics) was used for peptidome profiling with
minimal modifications to the standard parameters. All
the peaks with a signal-to-noise (S/N) ratio >3 in an
Mr range of 1000-10000 were collected and analyzed
using Bruker Daltonics flexControl, flexAnalysis and
ClinProTools ( Zhang X., 2004; Ketterlinus R, 2005)
bioinformatics software (Bruker Daltonics) that were
gradually applied in order to obtain such model.

Results

The mass spectrometers data of the urines sam-
ples from glomerular disease with different protei-
nuria grades were considered to stablish the diffe-
rent classification models. We applied and evaluated
several statistical approaches (Quick Classifier, Su-
pport Vector Machine and Genetic Algorithm) to

determine the one with the best results in predic-
tion value percentages. Performance and reliability
of the constructed model were evaluated by cross
and external validation using two additional sets
of independently processed urine isolates. For the
algorithm used we have chosen Genetic Algorithm
which reach best values: 100% and 96% for recog-
nition capacity and cross validation achievement
respectively. This model was then evaluated for
performance and reliability in disease prediction.
For this we have used 13 extracts (other than the
ones used for the model set-up) and 12 from them
were correctly classified, presenting 90% of positive
prediction value (12/13) and 100% of Non-positive
prediction value (3/3). Likewise we obtained a Su-
pport Vector Machine model which permitted us to
differentiate between nephrotic syndrome patients
(proteinuria>3,5g/day) and healthy subjects with
100% and 86% for recognition capacity and cross
validation achievement respectively.

Conclusions

The present study was carry out in order to ge-
nerate a prediction model that will allow us the esta-
blishing a method to differentiate the patterns of glo-
merular disease from the healthy ones with enough
sensitivity and specificity values. This approach will
permit us to consider this bioinformatics implement
when the samples collected are greater, as a valid
and promising tool to establish a more ambitious
study to differentiate the pathologies associated to
proteinuria on the prediction level. By the same
token, this study will constitute the reference that
will permit us to characterize those pattern specific
peptides using the adequate equipment.
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Introduccion

El diagnostico de las candidiasis sistémicas es
dificil y frecuentemente alcanzado después de un
largo retraso, dando lugar a una elevada morbi/mor-
talidad. Este panorama clinico ha promovido la bus-
queda de nuevos (bio)marcadores de diagnostico y
pronostico para estas infecciones. Estudios inmuno-
protedmicos previos han sugerido que anticuerpos
frente a la metionina sintasa (Met6p) podrian ser
un biomarcador util para las candidiasis sistémi-
cas (Pitarch et al., 2004). Para que un biomarcador
candidato identificado a través de aproximaciones
protedmicas pueda ser introducido en la préactica
clinica rutinaria, éste deberia cumplimentar satis-
factoriamente otras dos fases méas: la de desarro-
llo de prototipos (biomarcador validado) y la de
desarrollo de productos (producto comercial). Sin
embargo, muchas de las estrategias de prototipos
descritas en la literatura para la deteccion de anti-
cuerpos muestran varios inconvenientes asociados
intrinsicamente con el anclaje directo del antigeno
al soporte solido.

Materiales y métodos

Con objeto de soslayar estas limitaciones, noso-
tros desarrollamos una estrategia genérica de proto-
tipos, basada en un ELISA de captura de etiquetas,
para la medida de los anticuerpos frente a la Met6p
en pacientes con candidiasis sistémicas (Pitarch et
al., 2007). En este ensayo de prototipos, el antigeno
(una Met6p recombinante fusionada a dos etiquetas
de afinidad y purificada mediante una variante del
procedimiento original de “tandem affinity purifica-
tion” (TAP)) se ancl6 indirectamente a la superficie
solida a través de un anticuerpo monoclonal frente

a una de estas dos etiquetas. Se evaluaron la pre-
cision analitica, diagndstica y prondstica de este
ensayo de prototipos, asi cmo el riesgo de candidia-
sis sistémicas y de mortalidad asociado con estos
anticuerpos.

Resultados y conclusiones

Este ensayo de prototipos resultd ser sensible,
reproducible, preciso, especifico y aplicable para la
medida de los anticuerpos séricos frente a la Met6p
y tener potencial en otras areas de la biomedicina.
Anadlisis de la curva caracteristica de operaciones
del receptor revelaron que elevadas concentraciones
de estos anticuerpos en suero estaban casi exclusi-
vamente asociadas con candidiasis sistémicas. Mo-
delos de regresidon logistica multivariante mostraron
gue estos anticuerpos anti-Met6p estaban asociados
positivamente con el riego de candidiasis sistémi-
cas y negativamente con el riego de mortalidad en
pacientes con estas infecciones. Si se confirma en
estudios de cohortes prospectivos multicéntricos, es-
tos anticuerpos anti-Met6p podrian ser Gtiles para el
diagnostico y estratificacion de riesgo en candidiasis
sistémicas. Ademas, estos anticuerpos pueden tam-
bién conferir proteccion frente a estas infecciones y
ser valiosos para el disefio de futuras inmunotera-
pias frente a las candidiasis sistémicas.
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Introduccion

La incidencia de las candidiasis sistémicas con-
tinda siendo todavia significante en el &mbito hos-
pitalario, especialmente en las unidades de cuidados
intensivos donde las especies de Candida se sittan
como la tercera causa mas comun de infecciones
nosocomiales del torrente sanguineo. Ademas las
candidiasis sistémicas estan lamentablemente aso-
ciadas con una alta morbi/mortalidad y con sustan-
ciales costes sanitarios. El diagndstico precoz de las
candidiasis sistémicas es crucial para un tratamiento
eficaz y un prondstico favorable en estos pacientes.
Sin embargo, éste es extremadamente dificil debido
a la falta tanto de signos y sintomas clinicos como
de pruebas diagnosticas rapidas y precisas. Por esta
razén, varios (bio)marcadores de candidiasis sis-
témicas han sido investigados en los Gltimos afios,
pero, desafortunadamente, éstos 0 no han dado los
resultados esperados o no han sido estandarizados
aun para la practica clinica rutinaria.

Material y métodos

Con el fin de encontrar nuevos biomarcadores
para las candidiasis sistémicas, nosotros utilizamos
una aproximacion proteémica (andlisis del proteoma
serolégico) acoplada a analisis bioinformaticos para
examinar la respuesta seroldgica frente al inmunoma
intracelular de Candida en 24 pacientes bajo cuidados
intensivos, 12 de los cuales con candidiasis sistémi-
cas, y en 12 sujetos sanos (Pitarch et al., 2008). La
utilidad diagnoéstica de un biomarcador candidato para
estas infecciones (anticuerpos frente a la enolasa) se

validé usando dos plataformas clinicas cuantitativas,
un ELISA de captura de etiquetas (Pitarch et al.,
2007) y un ensayo de “Wester blot”, en 45 pacientes
con candidiasis sistémicas y 118 controles.

Resultados y conclusiones

Un total de 15 proteinas inmunogénicas de lisa-
dos de protoplastos de Candida albicans se identi-
ficaron como diferencialmente inmunoreconocidas
por anticuerpos séricos de pacientes con candidiasis
sistémicas en comparacion con los controles. Anali-
sis de conglomerados jerarquico bidimensional y del
componente principal de estos patrones de expresion
de anticuerpos séricos discriminaron con precision
pacientes con candidiasis sistémica de controles. En
particular, anticuerpos frente a la enolasa resultaron
ser una huella molecular sérica importante para el
diagndstico de las candidiasis sistémicas. Estudios
de validacion de la expresion diferencial de estos
anticuerpos anti-enolasa verificaron los resultados
iniciales del andlisis del proteoma seroldgico. Si
se confirma en estudios de cohortes prospectivos
multicéntricos, estos anticuerpos anti-enolasa po-
drian ser utiles para el diagnostico de las candidiasis
sistémicas.
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Introduccion

Los macrdfagos son células del sistema inmuni-
tario cuyo papel en la lucha frente a las candidiasis
sistémicas es fundamental. Por un lado, actian como
célula fagocitica y por otro, secretan citoquinas que
son capaces de activar a otras células y de dirigir
la respuesta inmunitaria. Con el fin de profundizar
en el papel de dichas células, hemos realizado un
estudio proteémico de la respuesta de una linea
celular de macrdéfagos murinos (RAW 264.7) frente
a células de una cepa silvestre de Candida albicans
(SC5314) tanto vivas como inactivadas por calor
(Martinez-Solano 2006; Martinez-Solano 2008,
submitted.). La identificacion de proteinas de ex-
presién diferencial nos indica que, en conjunto, tras
45 minutos de interaccion, tanto las células vivas
como inactivadas de C. albicans provocan en el
macrofago un aumento de las proteinas implicadas
en la reorganizacion del citoesqueleto y de algunas
posiblemente implicadas en proteccién frente a la
apoptosis. Sin embargo, las células vivas provocan
una reaccion fundamentalmente pro-inflamatoria, a
diferencia de las inactivadas por calor, frente a las
cuales la respuesta es fundamentalmente anti-infla-
matoria. Con el fin de profundizar en la reaccion de
los macréfagos frente a C. albicans, en el trabajo
actual, hemos puesto a punto la metodologia para
realizar el estudio de cuatro fracciones subcelulares:
citosol, membrana, nlcleo y citoesqueleto y hemos
aumentado el tiempo de interaccion a 3h.

Material y métodos

Las células de la linea celular murina RAW
264.7 se han enfrentado a células de C. albicans
SC5314 durante 3h. Se han extraido 4 fracciones
enriquecidas en citosol, membrana, nlcleo y citoes-
queleto utilizando el kit de Calbiochem; ProteoEx-

tract® Subcellular Proteome Extraction Kit. El
estudio de expresion diferencial de las proteinas de
los diferentes subproteomas se esta realizando con
tecnologia DIGE.

Resultados y conclusiones

Hemos realizado mapas protedmicos con la tec-
nologia DIGE y se han encontrado 120 proteinas de
expresion diferencial de entre las cuatro fracciones:
citosol, nacleo, membrana y Citoesqueleto, de las
cuales se han identificado 21. Actualmente, estamos
estudiando las funciones algunas de estas proteinas
y su posible funcién durante la interaccion. Hay que
destacar el trabajo realizado con la proteina Galecti-
na-3, un receptor de los macréfagos murinos para C.
albicans, la cual aumenta su expresion en la fraccion
enriquecida en membranas tras la interaccién con
C. albicans. Ademas, por western blot, hemos com-
probado la aparicion y desaparicion de diferentes
especies proteicas, tanto en la fraccion de mem-
brana, como en la de citosol. Asimismo, estamos
realizando experimentos de inmunolocalizacién de
dicha proteina durante la interaccion.

Este trabajo abre grandes perspectivas en el
estudio de la interaccion macrdfago-C. albicans,
pudiendo permitir el descubrimiento de nuevas es-
trategias en la terapia de las candidiasis sistémicas
y de nuevos factores de virulencia de la levadura y,
por tanto, de nuevas dianas anti-flngicas.
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Introduccion

El carcinoma hepatocelular (CHC) aparece en
el contexto de conocidos factores de riesgo: cirrosis
por alcohol, hepatitis B y C, entre otros. El objetivo
del presente estudio es la identificacion de nuevos
marcadores moleculares de deteccion y prediccion
de la progresion de esta enfermedad.

Material y métodos

Se obtuvieron muestras de plasma de 61 pacientes
con cirrosis hepética de diferentes etiologias, con y sin
CHC. Tras la inmunodeplecion de las proteinas plas-
maticas mas abundantes, el resto se analiz6 mediante
electroforesis 2D y las proteinas de interés se identifi-
caron mediante espectrometria de masas. También se
analizaron muestras de tejido tumoral y no tumoral de
pacientes con CHC sometidos a trasplante hepatico.

Resultados

Las apolipoproteinas E, Al y A4, y las protei-
nas FHR-1 (relacionada con el Factor H del com-
plemento) y CD5L (CD5 antigen-like) mostraron

un patrén de expresion alterado en el plasma de
pacientes con CHC. Los niveles alterados de apoli-
poproteinas se confirmaron mediante nefelometria
(ApoAl) y Western-Blot bidimensional (ApoAly
ApoE). Ademas, los cambios en los niveles plasma-
ticos de ApoAl y ApoE dependieron de la etiologia
del tumor, con mayores niveles de ApoE en pacien-
tes con CHC de etiologia etilica y bajos niveles en
aquellos con tumores de etiologia virica, mientras
que se observo lo contrario en el caso de ApoAl.
El patron de cambios de la proteina FHR-1 fue muy
similar al de ApoALl, con la cual interacciona. Los
analisis de tejido mediante Western-Blot y RT-PCR
cuantitativa mostraron que los niveles elevados de
ApoAL estan relacionados con una mayor expresion
del gen ApoALl en el tumor. Sin embargo, en el caso
de ApoE revelaron una alteracion de su secrecion,
sobre todo en tumores de etiologia virica.

Conclusiones

La alteracion de los niveles de apolipoproteinas
en plasma constituye un potencial biomarcador de
CHC en pacientes con cirrosis hepatica de diversa
etiologia.



ProTEOMICA * NUMERO 1 ¢ FEBRERO 2008

97

7. BIOMARCADORES Y PROTEOMICA DEL SUERO

Analisis del secretoma de arterias humanas en la basqueda de biormarcadores

de aterotrombosis

Alvarez-Llamas G?, de la Cuesta F!, Dardé VM?, Donado A?, Padial LR3, Pinto AG?, Barderas

MG?*, Vivanco F*

!Departamento de Inmunologia. Fundacion Jiménez Diaz, Madrid. 2Servicio de Cirugia Cardiaca. Hospital
Gregorio Marafion, Madrid. Servicio de Cardiologia. Hospital Virgen de la Salud, Toledo. “Laboratorio de
Fisiopatologia Vascular. Hospital Nacional de Parapléjicos. SESCAM, Toledo.

Uno de los mayores retos de la medicina car-
diovascular es la capacidad de predecir el riesgo
que presenta un individuo de sufrir un evento trom-
botico coronario, lo cual pasa por la busqueda e
identificacion de marcadores de pronéstico. La ate-
rosclerosis es un proceso inflamatorio que ocurre
en la capa intima de las arterias generando la placa
de ateroma. En caso de rotura de la placa, se llega
a producir un trombo que puede desembocar en la
parcial o total obstruccion de la arteria. El secreto-
ma comprende el conjunto de proteinas liberadas al
espacio extracelular por una célula o tejido como
parte del metabolismo o en respuesta a un proceso
patoldgico. En particular, el estudio de las proteinas
diferencialmente secretadas por la placa de ateroma
respecto al secretoma de una arteria “sana” podria
derivar en la identificacién de biomarcadores de
respuesta temprana, que permitirian un diagnostico
precoz de la predisposicion a sufrir un evento coro-
nario severo.

En este estudio, se investigaron las condiciones
de obtencién y analisis del secretoma de arteria
(coronaria, radial) procedente de necropsias 0 in-
tervenciones quirurgicas en las que se realizd una
revascularizacién coronaria. La arteria se mantiene
en cultivo siguiendo un protocolo que fue previa-

mente optimizado con la finalidad de minimizar el
contenido de proteinas “contaminantes” procedentes
del plasma o del medio intracelular, presentes en
gran abundancia (Alvarez-Llamas et al., 2007). Asi,
se favorece la deteccién de proteinas minoritarias
y realmente secretadas por el tejido de interés. El
secretoma se analizo por electroforesis en gel y de-
teccién mediante espectrometria de masas. Hasta el
momento se detectaron un total de 20 proteinas en
el secretoma de arteria coronaria, incluyendo la Hsp
27 y la Hsp 70, las cuales habian sido detectadas
previamente en el secretoma de cardtida (Martin-
Ventura et al., 2004) y en los monocitos circulantes
de pacientes con sindrome coronario agudo (Barde-
ras et al., 2007).
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Introduction

Sample preparation is a crucial stage in proteo-
mics analysis. Proper experimental model and care-
ful sample preparation is vital to obtain significant
and trustworthy results. In the past years, efforts in
reducing dynamic range of the proteins and enhan-
cing detectability have been a major focus of several
proteomics studies. One of the major hurdles asso-
ciated with proteomic analysis of such complex sam-
ple is the high dynamic range of proteins (1). Since
most of the regulatory proteins such as kinases and
GTPases are present in low copy numbers, impor-
tant layers of information are missing from studies
of whole cell proteomics. Combining large-scale
proteomics approaches with traditional cell-biology
techniques is providing a strategy for mapping pro-
teins in cell compartments (2), known as Subcellular
Proteomics. From a technical perspective, it has also
provided an interesting means to reduce complexity
of cellular proteome and partially overcome the
abovementioned resolution limitation of proteomic
separation technologies (3). Recently, two groups
have applied a subcellular fractionation approach to
characterize proteins of neutrophil granules (4) and
phagosomes (5) leading to the identification of 286
proteins on the three granule subsets and more than
198 non-redundant phagosome proteins.

Through in-silico analysis, we have observed
that most of the proteins involved in signaling trans-
duction during neutrophil migration, extravasation,
phagocytosis, degranulation and apoptosis reside
in cytosol (12). In the present study, the nonionic
detergent Digitonin, which binds specifically and
rapidly to sterols and precipitates them out, was
used to allow the formation of pores in the mem-
branes and release of soluble cytosolic proteins (6).
The use of digitonin at low concentrations (7) and
the large differences in sterol contents of the plas-
ma membrane and the cell organelles (8) and other
organelles allow selective lysis of the sterol-rich
plasma membrane while keeping more or less intact
sterol-poor intracellular membranes (9).

Material and methods

Peripheral neutrophils were purified from hu-
man blood by centrifugation on Percoll density
gradient as described in Campos A. (2007). The
degree of purity was evaluated by flow cytometry
and found to be at least 98%. Digitonin fractions
were obtained by resuspending the cells in 5 vol-
umes of digitonin extraction buffer (0.015% wi/v
digitonin, 300 mM sucrose, 100 mM NaCl, 3 mM
MgCl,, 10 mM PIPES pH 7.4) containing inhibi-
tors of proteases and phosphatases for 10 min at
4°C with gently shaking. The extracted cytosolic
proteins were precipitated overnight with 4 volumes
of ice-cold acetone. The pellet was resolubilized in
IEF rehydration solution and the protein concentra-
tion was determined using the 2D Quant Kit (GE
Healthcare) as recommended by the manufacturer.
Two hundred pg of cytosolic-fractionated protein
was used for 2D-PAGE (IPG strips 3-10 NL 24cm.)
as described before (10). After electrophoresis, the
slab gels were stained using an amoniacal staining
procedure (11). Stained gels were then imaged on
an ImageScanner (Amersham Pharmacia) using the
LabScan software (v.3). Gel images were imported
into the ImageMaster software (v.6) for automated
spot detection and analysis.

In-gel digestion was carried out as described by
Shevchenko et al. (12). The digests were dried in
a vacuum centrifuge and then redissolved in 0.1%
TFA. Each digest sample was desalted on a POROS
R3 microcolumn, and eluted with CHCA in 50%
acetonitrile directly onto the MALDI target plate.
Tryptic digests were analyzed by MALDI-TOF/TOF
MS (ABI 4700). MS spectra were acquired in posi-
tive reflector mode, and the three major peaks were
selected for further MS/MS analysis. The resulting
MS and MS/MS spectra were collectively used to
interrogate sequences present in the Swiss-Prot and
NCBInr databases. Searches were performed with
complete carbamidomethylation of cysteine, with
partial oxidation of methionine residues, and with
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one missed cleavage. Mass tolerance was set at 100
ppm for the masses of peptide precursors and at 0.25
Da for the masses of fragment ions.

Results and conclusion

Following cytosolic protein fractionation from
neutrophils and separation by 2D-PAGE, approxi-
mately 700 spots were detected using amoniacal
silver staining. The optimal concentration of 100
uM digitonin was found to affect selectively the
cytoplasmic membranes of neutrophils, releasing
the cytosolic proteins with little contamination from
the organelles or plasma membrane. To confirm
the efficiency of our digitonin enrichment method,
spots were randomly excised, digested and identi-
fied by MALDI-TOF/TOF. To date, over one hun-
dred proteins have been identified as primarily or
alternatively cytosolic proteins. To assess the re-
producibility of the proposed method for cytosolic
proteins enrichment, sample preparation procedure
were carried out separately (in different days). To
minimize the influence of the biological variability
as much as possible, the same sample donor for
the three replicates was used. A high degree of re-
producibility was reached among the three sample
preparations. Using differential gel image analysis
software, we found that the three gels were at least
80% similar in terms of spot volume after normali-
zation (Pearson correlation coefficient of 0.899).
Importantly, this analysis was performed uniquely
with the ‘automatic matching’ features of the Ima-
geMaster Platinum software, with no manual editing
(operator editing) carried out.

The results presented here suggest that our
method for cytosolic protein enrichment offers great
efficiency and reproducibility. This protocol is ro-
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bust, rapid, unexpensive and may be well-suited
for analyses of other complex specimens. Last but
not the least, as the extraction using digitonin nei-
ther denature nor alter the conformation of proteins,
cytosolic protein complexes would be expected to
be recovered, which would enable future studies of
protein-protein interactions.
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Identification of transthyretin and p4-thymosin as potential biomarkers in acute
coronary syndrome by two independent methods, 2-DE/DIGE and SELDI-TOF
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Acute myocardial infarction (AMI) is one of the
leading causes of death in the world and remains a
complex pathophysiologic process involving infla-
mmatory, hemostatic and vascular processes. We
employed two independent and complementary
approaches, SELDI-TOF, and 2-DE/ DIGE in a first
phase exploratory biomarker study to analyze mo-
difications in the serum protein map during an acu-
te coronary syndrome (ACS); It disclosed that the
levels of two proteins, transthyretin (TTR; 14000
m/z) and acetylated-R4-thymosin (4970 m/z) were
significantly altered in acute coronary syndrome pa-

tients in comparison with healthy subjects. TTR was
identified by 2-DE/DIGE and SELDI-TOF and con-
firmed by Western blotting whereas R4- thymosin
was detected only by SELDI-TOF owing to its low
molecular mass and confirmed by Western blotting.
Whereas TTR is involved in the transport of various
biologically active compounds R34- thymosin is es-
sential for cardiomyocyte survival, cardioprotection
and repair in the adult heart. Identification of both
proteins could help in the understanding of the basis
for allowing the diagnosis to be made at an earlier
stage of the disease when the treatment is possible.

Weight loss and protein expression profiles in the Gastrocnemius muscle of two

rabbit breeds

Almeida AM2 van Harten St, Campos A?, Varela A3, Alfaro L.!

!nstituto de Investigacdo Cientifica Tropical, Lisboa, Portugal. aalmeida@fmv.utl.pt; 2Instituto de Tecnologia
Quimica e Bioldgica, Oeiras, Portugal; 2Universidade de Evora, Evora, Portugal

Introduction

Seasonal Weight Loss (SWL) poses a serious
limitation to animal production in Tropical and
Mediterranean climates, strongly conditioning ag-
riculture in these areas (Almeida et al., 2006). The
study of the physiological and molecular mecha-
nisms by which domestic animal breeds respond to

SWL is of capital interest with important implica-
tions in animal selection schemes. Recently, the use
of proteomic has allowed a much greater insight
on the molecular mechanisms at the protein level
in a vast array of physiological systems (Jia et al.,
2007. The goal of this study is to determine differ-
ential protein expression in the muscle of two rabbit
breeds that show different tolerance to SWL.
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Material and methods

Six Wild (WR) and eight New Zealand White
(NZ) rabbits (Oryctolagus cuniculus), were used in
this trial. Animals of each breed were divided into
two weight-matched experimental groups: C (Con-
trol — fed ad libitum) and R (Restricted fed to 30%
ad libitum). Animals were fed on commercial pellets
(Biona 701) and experiment lasted 30 days. After
euthanasia, the gastrocnemius muscle was excised.
European Union Regulations on animal experimen-
tation were followed. Total protein was extracted
(Jiaetal., 2007) and their concentrations determined
using PlusOne 2D Quantification Kit (GE Health-
care). A total of 20 ug of protein were separated by
standard 12% sodium dodecyl sulfate polyacryla-
mide gel electrophoresis (SDS-PAGE). Gels were
stained using Colloidal Coomasie Blue (Neuhoff
et al., 1988). After digitalization, the relative inten-
sity of each individual band of each lane was calcu-
lated using Lablmage 1D 2006 software (Kapelan
technologies, Germany - www.labimage.net). Band
intensities with the same molecular weight, were
statistically compared using single-factor analysis
of variance. Differentially expressed proteins were
identified using PMF (Peptide Mass Fingerprinting).
Proteins were in-gel digested (Pandey et al., 2000).
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Peptide mixture was purified and concentrated by R2
pore microcolumns (Gobom et al., 1999) and eluted
directly to the MALDI plate with 0.5 pl of matrix
a-cyano-4-hydroxycinnamic acid (CHCA) (5mg/ml)
prepared in 70% (v/v) acetonitrile with 0.1% (v/v)
TFA. The m/z spectra were acquired in a Voyager-DE
STR MALDI-TOF mass spectrometer. Protein iden-
tification was achieved in MASCOT search engine
(www.matrixscience.com), in MSDB databases.

Results

Animals in the restricted groups lost 20% of the
initial body weight, whereas control animals main-
tained the initial weight levels. SDS-PAGE results of
the total protein extracts are presented in Figure 1.

Proteins bands that showed to have different
expression in the four experimental groups are indi-
cated (P37, P39, P311, P312, P314 and P35) as well
as other identified proteins that showed to have the
same expression in the four experimental groups
(P34, P38 and P38b). Relative intensities of each of
the above mentioned proteins are presented in table
1. Table 2 shows the identification details of each of
the proteins relevant to this study.

Table 1. Protein expression level comparison

Protein Reference NZR NzC WRR WRC
P35 2.532(0.12) 4.80° (0.55) 4.21°(0.74) 3.80°(0.13)
P37 4.96% (0.55) 459 (3.4) Absence 3.88(2.7)
P39 4.812 (0.40) 6.06° (1.90) 3.732(0.03) Absence
P311 Absence 1.992 (0.20) Absence 1.982 (0.6)
P312 Absence 2.47%(0.48) Absence 3.76% (0.03)
P314 Absence 1.482 (0.08) Absence 2.542 (0.26)
P34 7.812(0.96) 7.712 (1.03) 6.532 (4.02) 7.39 (1.40)
P38 22.66% (0.15) 20.06% (5.38) 19.54 (4.50) 19.172 (0.68)
P38b 5.882 (0.67) 4.05% (1.19) 5.822 (0.34) 4.772(0.46)

Results are shown in abstract values - Relative Intensities; Variances are shown between parenthesis; * — Rows with different superscripts
indicate statistical significance (p<0.05); WRR (Wild Rabbits Restricted); WRC (Wild Rabbit Control); NZR (New Zealand White Restricted)

and NZC (New Zealand White Control)

Table 2. Protein Identification

Peptide Theoretical

Protein Coverage Score . .
Reference S:I::z::/ wgliv;#te(c;(:?;; /ol (%) ! (significance level) Protein Species

P35 33/13 57/7.70 29 105(68) Pyruvate kinase chain A Oryctolagus cuniculus
P37 33/8 47.2/7.75 29 72(68) Phosphopyruvate hydratase Oryctolagus cuniculus
P39 23/8 33.8/8.76 37 86(68) AAD32624 Rattus sp.

P311 40/8 20/6.76 36 86(68) a-crystalin chain B Oryctolagus cuniculus
P312 18/9 17/4.56 38 94/(78) Myosin light chain slow skeletal muscle Oryctolagus cuniculus
P314 26/8 16.5/4.62 41 72/(68) Myosin light chain 3, skeletal muscle isoform  Oryctolagus cuniculus
P34 37/18 96/6.57 25 144(68) 2GPB glycogen phosphorylase Oryctolagus cuniculus
P38 21/10 41/5.16 37 121(68) 1ALMV actin, chain V Oryctolagus cuniculus
P38h 29 3969 24 72/(68) Glycerladehyde-3-phosphate Sus scrofa

dehydrogenase
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Figure 1 - Electrophoresis of total protein extracts from the gastrocnemius muscle of the experimental groups: WRR (Wild
Rabbits Restricted); WRC (Wild Rabbit Control); NZR (New Zealand White Restricted) and NZC (New Zealand White
Control). Molecular Weight Markers are also presented (MW), as well as proteins differentially expressed (P37, P39, P311,
P312, P314 and P35) and four identified proteins with the same level of expression (P34, P38 and P38b). Staining performed
with colloidal blue.

Conclusions

From this the following major conclusions can
be ascertained:

1)

2)

3)

4)

Proteins P311 (ua-crystalin chain B), P312
(Myosin light chain slow skeletal muscle)
and P314 (Myosin light chain 3, skeletal
muscle isoform) can be considered as mar-
kers of weight loss as they were not found
in detectable levels in restricted-fed groups.
Proteins P34 (glycogen phosphorylase), P38
(Actin chain V) and P38b (Glycerladehyde-
3-phosphate) were statistically similar for
all experimental groups indicating lack of
use as markers of weight loss;

Pyruvate kinase (P35 - PK) is a marker of
sarcopenia (loss of muscle mass due to old
age, Doran, 2007). WRR group showed si-
milar PK levels to those of control groups
indicating that there are muscle energy re-
sources being used in the NZR and not in the
WRR (less muscle mass) thus representing
a NZ tolerance to energy restricted diets.

Myosin Light chains family (P312, P314)
seems to be severely affected by undernutri-
tion in both rabbit breeds an indication that
weight loss affects muscle structure at the
levels where those proteins are located;

This preliminary study indicates that se-
veral muscle proteins can be used as valid

markers for weight loss and undernutrition,
hence an important role as tool in studying
breed adaptation to SWL. However, one-di-
mensional gel electrophoresis has a strong
limitation regarding protein overlapping
within the same band and low amounts of
protein are loaded per lane strongly limiting
the number of proteins that can be identified
as markers of SWL. It is therefore desirable
to conduct a similar experiment using two-
dimensional gel electrophoresis and peptide
mass fingerprinting.

References

Almeida, A.M., Schwalbach, L.M., de Waal, H.O.,

Greyling, J.P., Cardoso, L.A. Trop. Anim. Health
Prod. 2006, 38, 443-449.

Doran, P., O’Connel, K., Gannon, J., Kavanagh, M.,

Ohlendieck, K. Proteomics. 2007, in press.

Gobom, J., Nordhoff, E., Mirgorodskaya, E., EIkman,

R., Roepstorff, P. J. Mass Spectrom. 1999, 34,
105-116.

Jia, X., Elkman, M., Grove, H., Faergestad, E.M., Aass,

L., Hildrum, K.L., Hollung, K. J. Proteome Res.
2007, 6, 2720-2731.

Neuhoff, V., Arold, N., Taube, D., Ehrhardt, W. Elec-

trophoresis 1988, 9, 255-262.

Pandey, A., Andersen, J.S., Mann, M. Science’s Stke

2000, 37, 1-12.



ProTEOMICA * NUMERO 1 ¢ FEBRERO 2008

103
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Introduccion

Las complicaciones que se derivan de una obs-
truccion coronaria debida a un proceso aterotrombo-
tico constituyen una de las causas mas importantes
de mortalidad en los paises desarrollados. El estudio
molecular del desarrollo de la placa de ateroma es,
por lo tanto, uno de los puntos de mayor relevancia
en investigacion clinica actualmente. El proteoma
del tejido completo de la arteria coronaria con placa
de ateroma constituye una compleja mezcla de los
proteomas de los diferentes tipos celulares presen-
tes en la arteria, y no permite diferenciar el papel
de estas células en la patogénesis. Si estudiamos
las diferentes capas de la arteria (intima, media y
adventicia) de manera conjunta la expresién protei-
ca diferencial debida a procesos de aterosclerosis
gue tienen lugar en la intima coronaria se veran
enmascarados por el proteoma del resto de capas
de la misma. Con objeto de estudiar la expresion
proteica en la capa intima de arteria coronaria por
electroforesis bidimensional, aislamos ésta por mi-
crodiseccion con laser.

Material y métodos

El estudio de la capa intima de manera aislada
fue posible por medio del aislamiento realizado por
Microdiseccion por Laser y Catapultado por Presién
(LMPC) que permite aislar areas de tejido, células
sencillas, incluso regiones subcelulares incidiendo
con un laser ultravioleta directamente sobre cortes
histolégicos convencionales (Burgemeister, 2005).
Ante la baja cantidad de proteina que se puede ob-
tener por esta técnica, empleamos la técnica de elec-

troforesis diferencial en gel (DIGE) de marcaje a
saturacion (Wilson et al., 2005; Sitek et al., 2006),
gue permite el estudio de proteomas con cantidades
inferiores a 5 g de proteina total.

Resultados

Se ha realizado el aislamiento de capa intima ar-
terial humana satisfactoriamente y el acoplamiento
de la técnica de DIGE de saturacion a la microdisec-
cion por laser nos ha permitido obtener por primera
vez mapas bidimensionales de capa intima, algo
nunca antes realizado.

Conclusiones

La obtencién de geles bidimensionales de capa
intima suponen una puerta al analisis proteico dife-
rencial en arteria coronaria a diferentes estadios del
proceso aterotrombético, asi como frente a otras
arterias con menor incidencia de afeccion ateros-
clerdtica. Esto, junto con la posibilidad de aislar los
diferentes grupos celulares de la intima, constituyen
las perspectivas futuras de nuestro proyecto.
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Introduccion

El cancer colorrectal es una de las neoplasias
maés frecuentes en la sociedad occidental, para la
que todavia no existen adecuados marcadores sé-
ricos. Por ello, en nuestro grupo hemos combinado
métodos de prefraccionamiento de suero con técni-
cas protedmicas con el fin de encontrar potenciales
marcadores séricos para el cancer colorrectal.

Material y métodos

Se emplearon muestras de suero de donantes
sanos y de pacientes con cancer colorrectal, que
fueron sometidas a cromatografia de afinidad a tra-
vés de Concanavalina A. Se obtuvo una fraccion
enriquecida en glicoproteinas séricas, que fue so-
metida a electroforesis bidimensional. Los perfiles
protedmicos obtenidos fueron comparados y se
analizaron las variaciones en los niveles proteicos
mediante técnicas estadisticas univariantes y mul-
tivariantes (anélisis de componentes principales y
andlisis discriminante), asi como los cambios en la
posicién de los spots en los mapas proteicos (anali-
sis de deformaciones relativas).

Resultados

La comparacion de los niveles de expresion pro-
teica mostro 37 proteinas con expresion incrementa-
da y 35 con expresion disminuida en los pacientes.
Estas proteinas estan implicadas en procesos como
la coagulacién, regulacion de la homeostasis san-
guinea, respuesta inmunitaria, inflamacion y fase
aguda, metabolismo lipidico, apoptosis o transduc-
cion de sefiales (Rodriguez-Pifieiro et al., 2004).
En segundo lugar, se emplearon los propios mapas
bidimensionales como herramienta diagnostica, de-
tectando un patrén de expresion diferencial que per-
mite clasificar a un individuo como sano o paciente

de CCR (Rodriguez-Pifieiro et al., 2007). En tercer
lugar, se analizaron los cambios en la posicion re-
lativa de los spots, lo que permitié hallar un patrén
discriminatorio entre individuos sanos y enfermos,
asi como la deteccion de la contribucion de cada
proteina a la distincién de los grupos (Rodriguez-
Pifieiro et al., 2005). Con el fin de validar estas
aproximaciones, se estudiaron las diversas formas
séricas de la clusterina, detectada previamente como
potencial marcador sérico para el CCR, corroboran-
do su utilidad clinica y la importancia de distinguir
entre sus diversas isoformas (Rodriguez-Pifieiro et
al., 2006; Rodriguez-Pifieiro et al., en prensa).

Conclusiones

La combinacion de técnicas de prefracciona-
miento, métodos protedmicos de separacion y ade-
cuadas pruebas estadisticas es una herramienta util
para la deteccién de marcadores séricos.
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Introduccion

Para la mayoria de los alimentos existe una obli-
gacion legal de etiquetar los distintos constituyentes
contenidos en ellos, con el fin de que el consumidor
tenga informacion objetiva sobre los productos que
compra. Para cumplir con este objetivo es necesario
disponer de métodos de analisis robustos, precisos
y sensibles. Los métodos de deteccion de ADN que
se emplean normalmente para este proposito suelen
ser poco fiables y precisos cuando se emplean en
el andlisis de alimentos procesados. Las modernas
técnicas de proteémica empleando la espectrometria
de masas pueden ser una alternativa solida en la
identificacion del origen animal de los productos
carnicos cocinados.

Material y métodos

100 g de carne de pollo y otros tantos de carne
de cerdo se cocinaron en un horno a 200 °C. Poste-
riormente se picaron las carnes y se homogeneizaron
separadamente con 10 mL de tampon Tris, pH 8.0.
El homogenado se centrifugd (20 min a 10000 rpm,
4°C), recogiendo el precipitado y solubilizandolo
en el tampdn Tris pH 8.0 conteniendo 6M de urea
y 1 M de tiourea. Se afiadi6 la cantidad necesaria
del extracto de pollo en el extracto de carne para
obtener un extracto mixto de carne de cerdo conte-
niendo un 1 % de proteinas de pollo. 2,5 mg de este
extracto mixto se fraccionaron por isoelectroenfo-
que en el intervalo de pH 4-7. Las proteinas de las
fracciones obtenidas se separaron en SDS-PAGE,
recortando la banda correspondiente a la isoforma
3 de la cadena ligera de miosina (MLC-3) para hi-
drolizarla posteriormente con tripsina. Después de
desalar las muestras con puntas Zip-tip, 1,5 pL de
cada muestra se depositaron en una placa MALDI,
afiadiendo a continuacion el mismo volumen de
una solucion de acido 2,5-dihidroxibenzoico. Una
vez secas, las muestras se analizaron empleando un

espectrometro de masas MALDI-TOF Reflex Il1
(Bruker Daltonics).
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Figura 1: Espectros de masas MALDI-TOF de las
digestiones con tripsina de MLC-3 obtenidas para: A) cerdo
100 %, B) pollo 100 % y C) 1% de pollo en un extracto de
cerdo. La flecha blanca indica el péptido seleccionado como
biomarcador para detectar la carne de pollo.

Resultados

Este trabajo se desarrollé elaborando un extracto
mixto de carne conteniendo un 1 % de proteinas de
pollo contaminando el extracto de carne de cerdo. El
enriquecimiento de las proteinas de pollo emplean-
do isoelectroenfoque y SDS-PAGE es una etapa
crucial para poder identificar marcadores peptidicos
especificos con capacidad para detectar la presencia
de carne de pollo en productos carnicos de cerdo. La
Figura 1 muestra el analisis por espectrometria de
masas MALDI-TOF de la fraccion enriquecida en
MLC-3 de pollo del extracto mixto y digerida pos-
teriormente con tripsina. El estudio detallado de los
péptidos especificos de la MLC-3 de pollo permitio
identificar el péptido HVLATLGEKMTEEEVEEL-
MK (M+H* 2332, correspondiente a la forma mono-
oxidada) como un buen biomarcador de la presencia
de pollo en productos carnicos cocinados, aln en
concentraciones tan bajas como el 1%.
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Conclusiones

La proteémica supone una alternativa robusta
y precisa para detectar la presencia de distintas es-
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pecies animales en productos cérnicos cocinados,
superando las limitaciones que los métodos de de-
teccion de ADN presentan actualmente en alimentos
procesados.

Determinacion y validacion de dianas implicadas en la carcinogénesis del
osteosarcoma infantil mediante plataformas de gendémica y protedmica

Zalacain M, Folio C, Corrales FJ, Mora M, Sierrasesumaga L, Toledo G, Patifio-Garcia A.

Introduccion

El osteosarcoma es el tumor 6seo mas frecuen-
temente diagnosticado en la infancia y adolescencia.
La tasa de supervivencia con la quimioterapia dispo-
nible en la actualidad se sitlla en 70%, Unicamente
limitada en aquellos pacientes con tumores metasta-
sicos o quimiorresistentes (Picci, 2007).

Material y métodos

Se han aislado osteoblastos normales y tu-
morales de 5 pacientes afectos de osteosarcoma.
Los analisis comparativos de sus proteomas se
realizaron mediante DIGE (150ug proteina/gel).
Los anélisis de imagen se realizaron con Decyder
y las bandas diferenciales se localizaron en geles
bidimensionales preparativos (400ug proteina/gel)
que se tifieron con SYPRO-Ruby y se cortaron
para su identificacion. Se realiz6 digestion en gel
con tripsina y los péptidos resultantes se analiza-
ron mediante MALDI-TOF-MS y nanoLC-ESI-
MS/MS para identificar las proteinas utilizando los
motores de busqueda Proteinlynx Global Server 'y
Phenyx. Las proteinas, identificadas en Swissprot,
se validaron mediante IHQ en un TMA (tissue mi-
croarray) compuesto por 233 puntos de tejido (46
pacientes): hueso normal (17,2%), osteosarcomas
primarios (37,3%), recidivas (10,1%) y metastasis
(35,4%).

Resultados

Se han identificado 58 puntos proteicos diferen-
cialmente expresados, de las que se han obtenido 27
identificaciones. Las proteinas con mayores diferen-
cias entre hueso normal y osteosarcoma se cotejaron
con una lista de genes obtenida de la comparacion
de los mismos tejidos mediante el array de expre-
sion GeneChip/HG-U133A (Affymetrix). Entre
otras, las siguientes dianas eran comunes en ambos
estudios: CRYAB (Incrementada en osteosarcoma,
1), HEBP1 (disminuida, D), hnRNH1 (D), PCBP1
(D), EZRI (D), FSCN (D) y LMNA (D). Se ha va-
lidado en TMA la proteina CRYAB detectandose,
no sélo un incremento significativo en los tumores
(p<0.01), sino un incremento progresivo en estadios
avanzados de la enfermedad; tumores primarios vs
metéstasis vs recidivas (p=0,011).

Conclusiones

El estudio comparativo mediante plataformas de
gendmica y protedmica y la validacion en sistemas
de alto rendimiento es un método Util para deter-
minar dianas implicadas en patologias infrecuentes
y de muestra escasa y de dificil acceso, como el
osteosarcoma infantil.
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National Institute For Proteomics, Proteored: an update

Escuredo PR, Paradela A, Albar JP.

Proteomics Facility, Centro Nacional de Biotecnologia-CSIC, Universidad Auténoma de Madrid, Campus
de Cantoblanco, Darwin, 3. 28049-Madrid, Espafia. Tel. +34 91585 4668, Fax +34 91585 4506, E-mail:

coordinacion@proteored.org, jpalbar@proteored.org

The Spanish National Network of Proteomics
facilities-ProteoRed created as an initiative for the
coordination, integration and development of the pro-
teomics facilities and laboratories distributed along
the Spanish geography. ProteoRed main objective is
to give support to the scientific community allowing
them a wide access to emerging proteomics technolo-
gies and thus encouraging the science of proteomics.

On the first of June 2007 ProteoRed reached its
second year of life. During this period, a new initia-
tive has carried out to create a new working group.
This idea arose from a large number of clinical diag-
nosis related proteomics services demanded. This fact
associated with the incorporation of a new member
dedicated from the clinical area (Complejo Hospita-
lario Juan Canalejo) has led to the formation of a new
working group dedicated to Biomedical Proteomics.

A great effort has been made on the national
and international dissemination of our proteomics
platform with presentations on Catalonia, Valencia,

Germany, Italy Argentina, Mexico and The United
States. In particular, Juan Pablo Albar, ProteoRed
coordinator, chaired the Pre-congress educational
day on the LA-HUPO organized 1% Annual Ibe-
roamerican Proteomics Congress. A new HUPO
cardiovascular initiative developed by J.P. Albar,
Fernado Vivanco and Mario Hugo Genero was also
presented. Finally, during the last HUPO World
Congress held in Seoul, South Korea, our ProteoRed
coordinator officially announced the organization of
the 2008 HUPO-PSI Spring meeting to be held in
Toledo, Spain from 23-25" of April (http:/psidev.
info). A representative number of ProteoRed mem-
bers took part in the ABRF sSPRG2007 study (www.
abrf.org) focused on the ability of core facilities to
determine the identities and phosphorylation sites of
multiple proteins present in a single sample (Figure
1). ProteoRed members that participated on this
study are homogeneously distributed along the list
of participant labs though two groups can be spotted
with different experiment phosphoprotein literacy.

Figure 1. Phosphorylation sites identifications of the ABRF sPRG2007 sample by each anonymized participant labs.
ProteoRed participant members are highlighted on a black background.
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Analisis del repertorio peptidico asociado a HLA-DR10

Alvarez 1*2, Collado J*2, Daura X2, Colomé N2, Rodriguez-Garcia M*, Gallart T4, Canals F?,
Jaraguemada D.*?

1 Unidad de Inmunologia, Universitat Autbnoma de Barcelona. 2 Instituto de Biotecnologia y Biomedicina,
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Introduccion

La artritis reumatoide (RA) es una enfermedad
autoinmune asociada con algunos subtipos de HLA-
DR4, asi como con DR1 y DR10. Todos los alelos
asociados con la enfermedad contienen en la tercera
region hipervariable una secuencia basica, entre las
posiciones aminoacidicas 70 a 74. La hipotesis del
epitopo compartido postula que estos residuos podrian
definir los ligandos naturales asociados a estos alelos
y/o estar directamente expuestos e interaccionar con
el TCR. A pesar de que los alotipos relacionados con
la enfermedad estan identificados, no se conocen los
péptidos antigénicos que éstos presentan y que po-
drian desencadenar o mantener la respuesta autoinmu-
ne, aunque se han propuesto varios candidatos.

Los repertorios peptidicos asociados a DR1y a
DR4 se han estudiado extensivamente y se conocen
los motivos de anclaje de los péptidos unidos a ellas.
También se han resuelto las estructuras cristalogréfi-
cas de DR1y DR4 con varios péptidos. Sin embargo
sigue sin identificarse el repertorio peptidico aso-
ciado a DR10. Un posible solapamiento peptidico
entre los repertorios asociados a los alelos de HLA

asociados con RA apoyaria la hipétesis de la exis-
tencia de péptidos comunes capaces de desarrollar y
mantener la respuesta autoinmune en RA.

Material y métodos

Se han purificado por cromatografia de afinidad
las moléculas de HLA-DR provenientes a DR10 de
una linea linfoblastoide homozigota, y el pool peptidi-
co asociado a las mismas se ha eluido en medio &cido,
fraccionado por HPLC y analizado por espectrometria
de masas, tanto MALDI-TOF como nanoESI.

Resultados

Se han identificado 238 ligandos naturales de
DR10, lo que nos ha permitido definir el motivo de
anclaje de este alelo. Diez de los ligandos naturales
identificados (exactos o con pequefias diferencias
fuera del core de unidn) se habian descrito previa-
mente asociados a DR1 0 DR4 y sélo uno asociado
a DR11, un alelo no relacionado con RA. Estos
datos indican que DR10 une un repertorio peptidico
solapante con DR1y D.

Deteccidn de la inespecificidad de un anticuerpo policlonal contra la lipoproteina
lipasa mediante herramientas protedémicas

Casanovas Al, Carrascal M?, Abian J?, Llobera M?, Lopez-Tejero MD*

! Departament de Bioquimica i Biologia Molecular, Facultat de Biologia, Universitat de Barcelona,
Barcelona, Espafia. 2 CSIC-UAB Proteomics Laboratory, [IBB-CSIC-IDIBAPS, Universitat Autdnoma de

Barcelona, Bellaterra, Espafia.

Introduccion

Los anticuerpos especificos son una herra-
mienta esencial para el estudio de proteinas. Es-

tudios anteriores describen la produccion de una
amplia variedad de anticuerpos contra la lipopro-

teina lipasa (LPL). La LPL es una enzima cuya
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forma funcional se encuentra anclada a la super-
ficie luminal del endotelio capilar de diferentes
tejidos y es responsable de la hidrélisis de los
triacilglicéridos plasmaticos. Un procedimiento
clasico para la obtencién de anticuerpos contra
esta enzima consiste en la purificacion de LPL
a partir de leche bovina y su uso posterior como
inmundgeno para la obtencion de anticuerpos en
gallina. P66 es un anticuerpo policlonal contra
LPL obtenido mediante este procedimiento (Vi-
lella et al., 1993), utilizado en estudios anteriores
por distintos laboratorios para la deteccion de esta
enzima (Ricart-Jané et al., 2005). En el presente
estudio nos planteamos la puesta a punto del Wes-
tern blot anti-LPL en 2 dimensiones utilizando
LPL bovina comercial como estandar y P66 para
la inmunodeteccion.

Material y métodos

- Muestra— LPL de leche bovina (Sigma, St
Louis, MO, USA) y plasma de rata (obteni-
do de ratas Wistar macho).

- Electroforesis bidimensional- Isoelectro-
enfoque en gradiente inmovilizado de pH
3-10 (tiras de 7 cm) y segunda dimension
en geles de acrilamida al 9% (p/v). Reve-
lado mediante tincién con plata o Western
blot (Wb), utilizando los anticuerpos: P66
(policlonal, cedido por el Dr. T. Olivecro-
na, Universidad de Umea, Suecia) o 5D2
(monoclonal, cedido por el Dr. J. D. Brun-
zell, Universidad de Washington, Seattle,
USA).

- Espectrometria de masas— Las proteinas
de interés fueron identificadas por mapeo
peptidico, mediante un analisis por MAL-
DI-TOF utilizando un equipo Voyager DE-
PRO en modo de reflectrén.

Conclusiones

El anticuerpo P66 es inespecifico porque reco-
noce la LPL, pero también la Antitrombina Ill. La
inespecificidad de P66 podria explicarse por una
purificacion incompleta de la LPL empleada como
inmundgeno similar a la observada en la LPL bo-
vina comercial. Nuestros resultados definen el Wb
en 2DE y la identificacion de proteinas mediante
espectrometria de masas como el procedimiento
mas fiable para validar la pureza y la especificidad
de anticuerpos contra la LPL.
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Resultados:
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Fig. 1. Analisis monodimensional de LPL bovina
comercial. El gel tefiido con plata (A), es comparado con
los correspondientes Wb para la inmunodeteccion de
LPL utilizando los anticuerpos P66 (B) o 5D2 (C). AT IIl,

Antitrombina Ill; LPL, Lipoproteina lipasa.

3 pl 10
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Fig. 2. Andlisis bidimensional de LPL bovina
comercial. El gel tefiido con plata (A), es comparado
con los correspondientes Wb para la inmunodeteccion
de LPL utilizando los anticuerpos P66 (B) o 5D2 (C).
AT 111, Antitrombina I11; LPL, Lipoproteina lipasa.
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Fig. 3. Comparacion del Wb en una dimension (A) y en dos
dimensiones (B) en plasma de rata utilizando P66.
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Fragmentos de titina generados durante el proceso de elaboracion de jamon

curado
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Introduccion

Uno de los principales cambios bioquimicos
que tienen lugar durante el proceso de elaboracion
de jamon curado es la degradacién de las proteinas
musculares, que es mas acusada durante los Gltimos
cuatro meses del proceso de curado (V. Larrea et al.,
2006). Por otra parte, la titina es una proteina mus-
cular gue se encuentra formando parte de la estruc-
tura del sarcémero y es responsable de la elasticidad
de las miofibrillas durante los ciclos de contraccion
y extension muscular.

Material y métodos

Se tomaron 25 g de masculo Biceps femoris de
una pieza de jamén curado y se realizd su extraccion
y posterior desproteinizacion. 5mL del extracto obte-
nido se fraccionaron por medio de cromatografia de
exclusion molecular en una columna Sephadex G-25.
Las fracciones correspondientes a un mayor tamarfio
molecular se concentraron e inyectaron en un sistema
de cromatografia liquida de alta resolucién con una
columna Nucleosil C18 (250 x 4.6 mm) y un colec-
tor de fracciones automatico. Las fracciones 41-44
se combinaron y con ellas se realiz6 una segunda

separacion con un gradiente mas lento y coleccion
manual de picos. La determinacion de las masas mo-
leculares se realizd en un espectrometro de masas
MALDI- TOF Reflex Il (Bruker Daltonics) en modo
positivo y empleando el &cido 2,5-dihidroxibenzoico
como matriz. La identificacion de los péptidos més
relevantes se realiz6 mediante cromatografia liquida
acoplada a un sistema de espectrometria de masas
tdndem con detector de tiempo de vuelo APl QStar
Pulsar i (Applied Biosystems/MDS-SCIEX) y la in-
terpretacion de los espectros se realizé utilizando el
algoritmo MASCOT.

Resultados

Los resultados obtenidos ponen de manifiesto la
intensa degradacion proteica que tiene lugar durante
la elaboracion de jamdn curado. En este trabajo se
han identificado por primera vez los cuatro fragmen-
tos de titina (097771) que se describen en la tabla 1.

Segun estudios previos, la degradacion de protei-
nas miofibrilares durante el proceso de curado podria
ser debida a la actividad de las catepsinas, las cuales
son bastante estables y permanecen activas durante
todo el proceso de curado (Toldréa et al., 1997).



ProTEOMICA * NUMERO 1 ¢ FEBRERO 2008

111

Tabla 1
Observado*! PM2 Secuencia®
533.57 (4+) 2130.2391 V.PEIKPAIPLPGPEPKPKPEP.E
565.83 (4+) 2259.2950 V.PEIKPAIPLPGPEPKPKPEPE.V
590.40 (4+) 2259.2950 V.KVPEIKPAIPLPGPEPKPKPEP.E
622.62 (4+) 2486.4494 V.KVPEIKPAIPLPGPEPKPKPEPE.VV

1 Peso Molecular observado en el LC-MS-MS.
2 Peso Molecular de los iones simplemente cargados observados en el MALDI-TOF.
3 Secuencia determinada tras la interpretacion de los espectros de MS-MS en MASCOT.

Conclusiones

Cuatro fragmentos de titina han sido aislados
e identificados por primera vez en un extracto de
jamon curado, confirmandose la extensa protedlisis
de esta proteina durante el procesado del mismo.
Esta investigacion contribuye a conocer mas sobre
los cambios bioquimicos que tienen lugar en el
musculo post-mortem y, particularmente, aque-

llos que afectan a la degradacion de la estructura
muscular.
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In solution separation of membrane proteins using free flow electrophoresis

(FFE)

Obermaier C, Hartmann K, Wildgruber R, Weber G, Eckerskorn C, Nissum M.

BD Diagnostics, Innovation Center Biotechnology, Martinsried, Germany

Introduction

Free-Flow Electrophoresis (FFE) in the isoelectric
focusing (IEF) mode provides a carrier-free alternative
to 2D-gel electrophoresis that is not limited in pH or
size range. So far, the application of IEF-FFE for the
separation of membrane proteins has been limited by
the tendency of the membrane proteins to precipitate
at their isoelectric point (pl). Here we present Interval
Zone FFE (1Z-FFE) as a novel mode of FFE. In con-
trast to IEF, the separation is carried out at a constant
pH relying on the net protein charges. The applied
pH of the separation medium is selected such that it
is different from the pl of the proteins to be separated
thereby maintaining proteins in solution that would
otherwise precipitate.

Material and methods

A total cell extract from Hela cells was pre-
pared by sonication in lysis buffer followed by
centrifugation. Membrane proteins were extracted
by including washing steps in HBS buffer and
sodium carbonate buffer and dissolving the final
pellet in lysis buffer. 1Z-FFE was performed at
pH 7.8 on a BD™ FFE System. The separation
media contained a proprietary cleavable detergent
to increase solubility of the membrane proteins.
Collected protein fractions were digested and ana-
lyzed using LC-MS/MS. The LC-MS/MS setup
consisted of Agilent 1100 binary HPLC system
coupled to a Bruker HCTultra ion trap mass spec-
trometer.
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Results

We observed precipitation in the separation
chamber when the total cell extract from HeLa cells
was separated in the IEF-FFE mode even when a
detergent was included in the separation media. Ap-
plication of the 1Z-FFE mode significantly increased
protein solubility. Separation of the total cell extract
was performed in the 1Z-FFE mode using cleavable
detergent at high loading rates without precipitation
of proteins in the separation chamber. This was also
the case for the membrane protein extract of the
HelLa cells. The separation media containing the
cleavable detergent facilitated the coupling to LC-
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MS/MS since no cumbersome detergent removal
was necessary. The identified membrane proteins
from the LC-MS/MS analysis of the individual FFE
fractions were analyzed based on the number of
transmembrane domains using the TMHMM soft-
ware (www.cbs.dtu.dk/servicessTMHMMY/).

Conclusions

FFE provides an alternative method for the sep-
aration of membrane proteins. Protein precipitation
can be avoided by using the 1Z-FFE mode. Coupling
to LC-MS/MS is facilitated by the introduction of a
cleavable detergent in the separation media.

Systematic analysis of protein interactions with tetraspanins by high-troughput,

second generation proteomics technics

Pérez-Hernandez D42, Jorge I, Martinez-Acedo P!, Navarro PJ!, Nufiez E*, Serrano H'¢3, Yafiez-
Mo M?, Sala-Valdés M?, Ursa MA?, Sanchez-Madrid F?, Vazquez J*.

!Laboratorio de Quimica de Proteinas y Proteémica, CBMSO. 2Hospital Universitario La Princesa y Centro
Nacional de Investigaciones Cardiovasculares CNIC. 3Universidad de Arecibo, Puerto Rico, USA.

Introduction

The tetraspanin superfamily of transmembrane
proteins are clustered in compact structural groups
forming specialized membrane microdomains (Tet-
raspanin Enriched Microdomains, TEM or TERM).
Through heterolog and homolog interactions, tet-
raspanins regulate signalling processes mediated by
cellular adhesion molecules, growth factor receptors
and costimulatory proteins (Hemler, 2005). In spite of
the growing interest for these proteins, the cytosolic
interactions by which tetraspanins are involved in
various receptor activation pathways, their cytoskel-
eton anchorage and in general the protein ligands that
interact with these proteins are poorly known. In this
work we have made a systematic analysis of interact-
ing partners of different proteins that are presented in
TERMs, including ICAM-1, VCAM-1, CD81, CD151
and EWI-2 (Barreiro and Yafiez-Mo et al., 2005). This
was accomplished by “pull-down” techniques and
high-throughput protein identification of the captured
ligands by mass spectrometry.

Material and methods

The schematic workflow is represented in Fig-
ure 1. Synthetic biotinylated peptides spanning the
C-terminal cytoplasmic end of these proteins were
incubated with extracts from different cell models,
including HeLa cells and lymphocytes, and then
captured using Streptavidin-sepharose microbeads.
Proteins interacting with the peptides were subjected
to digestion and the resulting peptides systematical-
ly analyzed by HPLC-linear ion trap MS/MS mass
spectrometry. Proteins were automatically identified
from the MS/MS spectra in a human database by
using the pRatio software developed by our group
(Navarro et al., 2007); error rate of protein identifi-
cation was controlled by using decoy databases and
was inferior to 5% (LOpez-Ferrer et al., 2004).

Results

More than one hundred proteins from HelLa cells
and a similar number from resting or CD3-activated
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lymphocytes were identified interacting with any of
the target peptides but not with the controls. These
included membrane and cytosolic proteins, and also
cytoskeleton proteins, like a-actinin and Filamin,
which could play a physiologically relevant role in
the function of tetraspanins. Interactions of tetraspa-
nins with some of the most interesting ligands were
validated by Western blotting and immunoprecipita-
tion approaches.

Conclusions

Our results are contributing to improve our
knowledge of molecular mechanisms underlying the
biological role of TERM proteins and demonstrate
the performance of second generation proteomic
techniques for the systematic study of protein-pro-
tein interactions.
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Figure 1: Schematic design of the protocol used to identify
tetraspanin-binding factors.

Snake venomics of bitis species reveals large intragenus venom toxin composition
variation. Application to taxonomy of congeneric taxa

Sanz L, Escolano J, Calvete JJ.”

Instituto de Biomedicina de Valencia, C.S.1.C., Jaume Roig 11, 46010 Valencia, Spain, *jcalvete@ibv.csic.es

Venoms represent the critical evolutionary in-
novation that allowed advanced shakes to transition
from a mechanical (constriction) to a chemical (ve-
nom) means of subduing and digesting prey larger
than themselves. Venoms retain information on their
evolutionary history, and are of potential taxonomical

value. The protein composition of the venoms of the
West African Gaboon viper (Bitis gabonica rhino-
ceros), the rhinoceros viper (Bitis nasicornis), and
the horned puff adder (Bitis caudalis) were analyzed
by RP-HPLC, N-terminal sequencing, SDS-PAGE,
MALDI-TOF peptide mass fingerprinting, and CID-
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MS/MS. In line with previous proteomic and trans-
criptomic analyses showing that snake venom pro-
teins belong to only a few major protein families, the
venom proteomes of Bitis gabonica rhinoceros, Bitis
nasicornis, and Bitis caudalis, comprise, respective-
ly, toxins from 11, 9, and 8 toxin families. Dimeric
disintegrins, PLA, molecules, serine proteinases, a
CRISP, C-type lectin-like proteins, L-amino acid oxi-
dases, and snake venom metalloproteases are present
in the three Bitis snake venoms, though they depart
from each other in the composition and the relative
abundance of their toxins. The venom composition
appears to keep information on the evolutionary his-
tory of congeneric taxa. Protein similarity coefficients
used to estimate the similarity of venom proteins of
the Bitis taxa sampled here and in previous studies
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(eg. Bitis arietans and Bitis gabonica gabonica) su-
pport the monophyly of the three West African taxa
(B.g. gabonica, B.g. rhinoceros, and B. nasicornis)
based on genetic distance reconstructions, the lack
of alliances between B. arietans and any other Bitis
species, and are consistent with the taxonomic as-
sociation of Bitis caudalis within the differentiated
group of small Bitis species. The low level of venom
toxin composition similarity between the two con-
ventionally recognized subspecies of Bitis gabonica,
B. g. gabonica and B. g. rhinoceros, supports the
consideration by some authors of B. g. rhinoceros as a
separate species, Bitis rhinoceros. Moreover, our pro-
teomic data fit better to a weighted phylogram based
on overall genetic distances than to an unweighted
maximum-parsimony tree.

Snake venomics of Central American species from the Atropoides and Bothriechis

genera

Calvete JJV, Escolano J*, Angulo Y2, Lomonte B!, Gutiérrez JM?, Sanz L.

Hnstituto de Biomedicina de Valencia, C.S.1.C., Jaume Roig 11, 46010 Valencia, Spain, *jcalvete@ibv.csic.es.
2 Instituto Clodomiro Picado, Facultad de Microbiologia, Universidad de Costa Rica, San José, Costa Rica.

Venoms produced by snakes of the family Viperi-
dae (vipers and pitvipers) contain proteins that inter-
fere with the coagulation cascade, the haemostatic
system and tissue repair, and human envenomations
are often characterized by clotting disorders, hypofi-
brinogenemia and local tissue necrosis. In addition to
understanding how venoms evolve, characterization
of the protein/peptide content of snake venoms also
has a number of potential benefits for basic research,
clinical diagnosis, development of new research tools
and drugs of potential clinical use, and for antivenom
production strategies. In addition, venom compo-
sition may retain information on its evolutionary
history, and may thus have a potential taxonomical
value. We report the venom composition of Central
American snakes from Atropoides nummifer, A. pica-
doi, Bothriechis lateralis and B. schlegelii as part of
a larger snake venomics project. Our results show
that the 30-40 protein fractions collected from each
venom correspond to molecules of molecular masses
in the range of 1-110 kDa, which belong to only a few
toxin families. The major toxins of A. nummifer be-

long to the PLA, (relative abundance, 36.5%) and the
serine proteinase (22%) families, whereas the most
abundant A. picadoi toxins are Zn?*-dependent met-
alloproteinases (66.4%). Their distinct venom toxin
compositions provide clues for rationalizing the low
hemorrhagic, coagulant, and defibrinating activities,
and the high myotoxic and proteolytic effects evoked
by A. nummifer snakebite in comparison to other cro-
taline snake venoms, and the high hemorrhagic activ-
ity of A. picadoi. On the other hand, the large degree
of compositional variation between the venoms of A.
nummifer and A. picadoi supports the need of reas-
sessing the evolutionary relationships of these snakes.
Whereas Atropoides snakes are primarily terrestrial,
Bothriechis genus comprises arboreal species that
spend their time in the thick foliage of forest trees and
shrubbery. Phylogenetic analyses separate the pitvi-
per of the New World from those of the Old World,
and the arboreal Asiatic species from the terrestrial
Asiatic species.Our first venomic characterization of
arboreal snakes may aid in understanding their ecol-
ogy and the biological action of their venom.
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Snake venomics of the South and Central American bushmasters. Comparison
of the toxin composition of Lachesis muta gathered from proteomic versus
transcriptomic analysis

Sanz L!, Escolano J!, Ferreti M?, Biscoglio MJ?, Angulo Y4, Lomonte B*, Gutiérrez JM*, Calvete
JJ.r

LInstituto de Biomedicina de Valencia, C.S.1.C., Jaume Roig 11, 46010 Valencia, Spain, *jcalvete@ibv.
csic.es. 2 Department of Agricultural Biotechnology, University of Padova, Padova, Italy. * Facultad de
Farmacia y Bioquimica, Universidad de Buenos Aires, Buenos Aires, Argentina. 4 Instituto Clodomiro

Picado, Facultad de Microbiologia, Universidad de Costa Rica, San José, Costa Rica.

We report the proteomic characterization of the
venoms of two closely related pitvipers of the genus
Lachesis, L. muta and L. stenophrys, and compare
the toxin repertoire of the former revealed through
a proteomic versus a transcriptomic approach. The
protein composition of the venoms of L. muta and L.
stenophrys, analyzed by a snake venomics approach,
comprised 30-40 proteins of molecular masses in
the range of 13-110 kDa and belonging, respective-
ly, to only 8 and 7 toxin familiies in L. muta and L.
stenophrys venoms. Both venoms contained a large
number of bradykinin-potentiating peptides and a
C-type natriuretic peptide, which comprised around
15% of the total venom proteins. In both species, the
most abundant proteins were Zn?*-metalloproteinases
(32-38%) and serine proteinases (25-31%), followed
by PLA s (9-12%), galactose-specific C-type lectin
(4-8%), L-amino acid oxidase (LAO, 3-5%), CRISP
(1.8%; found in L. muta but not in L. stenophrys),
and NGF (0.6%). On the other hand, only six L. muta
venom secreted proteins matched any of the previ-
ously reported 11 partial or full-length venom gland

transcripts, and venome and transcriptome depart in
their relative abundances of different toxin families.
As expected from their close phylogenetic relation-
ship, the venoms of L. muta and L. stenophrys share
(or contain highly similar) BPPs, serine proteinases, a
galactose-specific C-type lectin, and LAO. However,
they dramatically depart in their PLA s. Intraspecific
quantitative and qualitative differences in the expres-
sion of PLA, molecules were found in the venoms of
five L. muta specimens (3 from Bolivia and 2 from
Peru) and an L. muta venom purchased from Sigma.
These observations indicate that these class of tox-
ins represents a rapidly-evolving gene family, and
suggests that functional differences due to structural
changes in PLA_s molecules among these snakes may
have been a hallmark during speciacion and adapta-
tion of diverging snake populations to new ecological
niches, or competition for resources in existing ones.
Our data may contribute to a deeper understanding of
the biology and ecology of these snakes, and may also
serve as a starting point for studying structure-func-
tion correlations of individual toxins.
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Plant Proteomics in Europe. COST Action FA 0603. Abstracts of the 11 Meeting

Jesus V. Jorrin Novo. Responsible of the Working Group 2 and Local Organizer of the Meeting.

The Il “Plant Proteomics in Europe” (COST Action FA 0603; http://www.costfa0603.com/index.php)
Meeting (Working Group 2) is taking place at the University of Cdrdoba (Cdrdoba, Spain; www.uco.es),

“Campus de Rabanales, from 6 to 8, February 2008.

As the local organizer, | wish to make known and ac-
knowledge those public and private organizations, as well
as individual people who have helped me with the organi-
zation of the event. First of all, the University of Cérdo-
ba, and more concretely, Prof. Enrique Aguilar Benitez de
Lugo, “Vicerrector” of Research and New Technologies.
My University has provided me with all the facilities |
needed and requested plus financial support. Thanks are
also due to FUNDECOR (Alvaro, Cristina, Maria Vic-
toria) for being in charge of the Technical Secretariat; to
Applied Biosystems and Bio-Rad for financial support; to
Jenny Renaut (head of the Action ) and Lutz Eichacker,
with whose experience everything has been much easier;
to colleagues and friends of the Scientific Committee for
their comments, suggestions and chair duties; to people
from my group, and members of the Local Organizing
Committee; to our guest speakers, Setsuko Komatsu and
Cristof Lenz; and, finally, to all the participants, whe-
ther they be reimbursed or not. | hope we shall have a
successful meeting and, even more important, have the
opportunity of hosting you again in the near future here
in Cordoba, as a logical consequence of your stay here,
that we intend to make as pleasant as possible.

Next, | shall summarize some data. The number of
participants will be 103; out of those, 36 will be reim-
bursed. They come from 19 countries (only Norway and
UK being omitted): Belgium, Bulgaria, Czech Republic,
Denmark, France, Finland, Germany, Greece, Ireland,
Italy, Luxembourg, Poland, Portugal, Slovakia, Slovenia,
Spain, Sweden, Switzerland, The Netherlands, There
have been 74 contributions, with 23 presented as oral
communications, and the rest as posters. Believe me, the
selection of the oral communications is not necessarily
related to the scientific quality of the work, and | hope
no one be disappointed in this respect. First, it has been
a choice of the authors and finally (we did get more than
the 20 planned) they have been selected by the Scientific
Committee. All the contributions have been organized
in twelve sections according to the topic covered: model
systems, plant growth and development, abiatic stress,
biotic stress, symbiosis, food, genotyping, plant breeding,
transgenic crops, allergens, forest trees, miscellaneous
(methodology and abstracts received at the last-minute).
All the contributions will be formally published in issue
no. 1 of “PROTEOMICA” (Journal of the Spanish Pro-
teomics Society, ISSN 1888-0096).

While organizing this meeting | have borne in mind
that we should try to stick to what is stated in the COST

Action proposal and, more concretely, to the Working
Group 2 objectives (http://www.costfa0603.com/wor-
king-groups.php)

With respect to the program, | have taken into ac-
count the excellent organization of the previous Munich
meeting, and, if possible, hope to improve it, mainly
based on the scientific committee’s suggestions. All of
us agree that the Action is just a beginning and because
of that we should start taking some steps forward. For
instance, although the meeting starts on Thursday 7 Feb-
ruary, it has occurred to me to organize one more event
for the 6™, a discussion session to work on the idea of
a future Research proposal on Plant Proteomics to be
presented to the EU.

We consider the poster sessions as important as the oral
ones, and in view of this | have planned four poster sessions
plus a final poster discussion session. The two lectures by
Dr. Komatsu and Dr. Lenz will be given on the 7,

The scientific program is accompanied by a social
program including two dinners, for those coming on the
6™ and leaving on the 8", and a guided visit to the famous
Jewish suburb. 1 would like to provide more visits but
unfortunately there is little time and less money.

Thank you, and have a nice stay in Cordoba

LECTURES

Update and challenges on soybean and
rice proteomics

Komatsu, S.

National Institute of Crop Science, Tsukuba 305-8518,
Japan. E-mail: skomatsu@affrc.go.jp

The advent of proteomics has made it possible to
identify a broad spectrum of proteins in living systems.
This capability is especially useful for crops as it may give
clues not only about nutritional value, but also about yield,
and how these factors are affected by adverse conditions.
Rice is not only an important agricultural resource but
also a model plant for biological research. Once the rice
genome was completely sequenced, the challenge ahead
for the monocot plant research community is to identify
and regulate their function. Although research on rice
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provides insight into many fundamental aspects of plant
biology, the genome sequencing of major crops is in its in-
fancy. Our previous research highlighted different aspects
of the construction of rice proteome database, cataloguing
rice proteins of different tissues and organelle, differential
proteomics using electrophoresis and functional charac-
terization of some of the proteins identified. In the recent
research, challenges regarding different methodological
approaches and techniques for soybean proteomics are
considered along with the usefulness of bioinformatics
for database and cluster analysis in the field of proteom-
ics. The recent progress in crop proteomics and highlight
the achievements made in understanding the proteomes
of major crops, which are rice and soybean, is described.
The major emphasis will be on crop responses to abiotic
stresses. Rigorous genetic testing of the role of possibly
important proteins can be conducted. The increasing ease
with which the DNA, mRNA and protein level can be con-
nected suggests that proteomics data will not be difficult
to apply to practical crop breeding.
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ProteinPilot: accomodating genetic
diversity in mass spectrometry-based
plant proteome research

Lenz, CL., Seymour, S.?, Shilov, 1., Jorrin-Novo, J.V.?

- Applied Biosystems, Darmstadt, Germany. # Department
of Biochemistry and Molecular Biology, University of
Cordoba, Cérdoba, Spain

The identification of proteins from organisms with
poorly characterized genomes by LC/MS/MS analysis
is challenging. Sequence databases from closely rela-
ted species can be interrogated by de novo sequencing/
BLAST similarity searching, so far the only means to
account for inherent genetic variability. BLAST results,
however, are difficult to score and require a high amount
of manual validation.

Recent advances in database searching algorithms
now allow for genetic variability during first-pass sear-
ches. The novel Paragon algorithm embedded in the Pro-
teinPilot software uses the concepts of Sequence Tempe-
rature Values (STVs) and Feature Probabilities to account
for a large number of sequence modifications in first-pass
protein identification experiments (Shilov et al., 2007).
In this context the expected set of amino acid substitu-
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tions effected e.g. by Single Nucleotide Polymorphisms
(SNPs) can be treated as a large set of possible amino
acid modifications, without exploding the number of
possible sequence hypotheses that need to be scored. As
a consequence, the large search space associated with
amino acid substitutions can be examined using moderate
computing resources, with a robust scoring.

The approach has been tested using a set of validated
LC/MS/MS protein identifications from 2D gel spots of
Quercus ilex, the dominant tree species in Mediterranean
forest. The results have been compared to analysis by de
novo sequencing/BLAST similarity searching.
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MODEL SYSTEMS
ORAL COMMUNICATIONS

1. A tandem affinity purification-based
technology platform to study the cell cycle
interactome in Arabidopsis thaliana

De Jaeger, G.}, Van Leene, J.t, Stals, H.}, Buffel, Y.,
Eeckhout, D.}, Neirynck, S.%, Persiau, G., Van Isterdael,
G.%, Van De Slijke, E.}, Pharazyn, A.2, Van Damme, S.2,
Witters, E.2, Van Onckelen, H.2, and Inzé, D.*

'Functional Proteomics Group, Department of Plant
Systems Biology, Flanders Institute for Biotechnology
(VIB), Ghent University, Technologiepark 927, B-9052
Gent, Belgium. 2Centre for Proteome Analysis and Mass
Spectrometry, University of Antwerp, Groenenborgerlaan
171, B-2020 Antwerpen, Belgium

Defining protein complexes is critical to virtually all
aspects of cell biology, because many cellular processes
are regulated by stable protein complexes and their iden-
tification often provides insights into their function. We
developed a high-throughput tandem affinity purification/
mass spectrometry platform for cell suspension cultures to
analyze cell cycle-related protein complexes in Arabidopsis
thaliana®. Elucidation of this protein-protein interaction
network is essential to fully understand the functional dif-
ferences between the highly redundant cyclin/cyclin-de-
pendent kinase modules, which are generally accepted to
play a central role in cell cycle control, in all eukaryotes.
Cell suspension cultures were chosen because they provide
an unlimited supply of protein extracts of actively dividing
and undifferentiated cells, which is crucial for a systematic
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study of the cell cycle interactome in the absence of plant
development. To map the cell cycle protein interaction
network, we use an integrated approach comprising generic
Gateway-based vectors with high cloning flexibility, the
fast generation of transgenic suspension cultures, tandem
affinity purification adapted for plant cells, matrix-assisted
laser desorption ionization tandem mass spectrometry and
data analysis. So far, we identified protein interactions for
100 proteins, known to be involved in the plant cell cycle.
This systemic approach provides new insights into the basic
cell cycle control mechanisms and is generally applicable
to other pathways in plants.
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2. Proteomics of Lotus japonicus seeds and
pod walls

Nautrup-Pedersen, G.}, Dam, S.}, Laursen, B.S.},
Siegumfeldt, A.L.}, @rnfelt, J.H.}, Lorentzen, A.M.2,
Roepstorff, P.1, Stougaard, J.!

! Department of Molecular Biology, University of
Aarhus, DK-8000 Aarhus C, Denmark. 2 Department
of Biochemistry and Molecular Biology, University of
Southern Denmark, DK-5230 Odense M, Denmark.

The protein rich seeds and pod walls of legumes
constitute a major part of human and animal diets and
provide important nutrients especially in some develo-
ping countries.

Studies on seeds from legumes have mainly been done
in bean or pea. However, our group is focusing on the sma-
ller plant Lotus japonicus. L. japonicus is a suitable model
plant as the genome is small and gene rich regions of the
genome are sequenced. Seed development in legumes pro-
ceeds through three phases: 1) cell division/prestorage, 2)
maturation/seed filling, and 3) desiccation.

In our study the seed development in L. japonicus
is analysed from early after flowering until mature seeds
can be collected. During this time course, which should
cover the three developmental phases, 14 different deve-
lopmental stages were harvested.

Thin sections of the seeds were made from all 14 deve-
lopmental stages. Staining with toluidine blue showed the
development of seed coat, embryo, and endosperm. From
each of these 14 stages, proteins were extracted from seeds
and from pod walls. Extracted proteins were separated by
1D SDS-PAGE. Based on these results five stages represen-
tative of the above mentioned three developmental phases
were chosen for detailed analysis by 2D gel electrophoresis.
Isoelectric focusing was done in the pH intervals 4-7 and
6-11. Protein spots were isolated and identified by MALDI-
TOF-TOF. So far about 1100 protein spots are identified
from the seeds, and about 200 spots from the pod walls.
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The work in progress focus on identification of addi-
tional spots from the pod walls followed by a comparison
between the proteome of the seeds and the pod walls. The
results should provide information about timing and pa-
thway regulation during seed development, and about the
transfer of nutrients through the pod wall to the seeds.

MODEL SYSTEMS
POSTERS

3. Analysis of the Arabidopsis thaliana
SUMO interactome by Yeast Two-hybrid
technology

Mauro, S.%, Twizere, J.C.2, Muhovski, Y.}, Kettmann, R.?,
Watillon, B*.

1. Département Biotechnologie, CRA-W. Chaussée de
Charleroi, 23, B-5030 Gembloux, Belgium. 2. Labora-
toire de Biologie Cellulaire et Moléculaire, FUSAGX, Av.
Maréchal Juin, 13. B- 5030 Gembloux, Belgium

SUMO (small ubiquitin-related modifier) is a modifier
polypeptide chain reversibly attached to a lysine residue of
a broad spectrum of target proteins. SUMO conjugation
has emerged as a central regulatory mechanism of diverse
pathways such as cell-cycle regulation, DNA repair and
replication, cell signalling and plant/pathogen interactions.
SUMO proteins are highly conserved proteins and consist
of 8 components (SUMO 1-8) in Arabidopsis thaliana.

To get insights into the functional diversity of pro-
teins interacting with SUMOL1 in Arabidopsis thaliana
leaves, a Yeast Two-hybrid strategy was adopted. In the-
se experiments, SUMOL isoform was fused to the DNA
binding domain of Gal4 yeast transcription factor and
used as bait. As a prey, a cDNA library from leaves was
constructed and fused to the activating domain of Gal4.
To discriminate between SUMO conjugation to target
proteins and protein-protein interactions with SUMO1,
positive clones will be probed with SUMO1 isoform
lacking the C-terminal Gly-Gly.

We anticipate that results from the yeast two hybrid
screen together with previously identified SUMO conju-
gates or partners in leaves may provide the basis for the
development of a SUMO interactome map.

4. AGRON-OMICS (Arabidopsis
GROwth Network integrating OMICS
technologies)

Messerli, G.}, Gruissem, W.*2, Baginsky, S.!

1 Institute of Plant Sciences, ETH Zurich, 8092 Zurich,
Switzerland. 2 Functional Genomics Center Zurich, UNI
ETH Zurich, 8057 Zurich, Switzerland
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Plant growth and development are important pro-
cesses but their biochemical and molecular regulation
remain poorly understood. In the European project
AGRON-OMICS (Arabidopsis GROwth Network inte-
grating OMICS technologies) a consortium of laborato-
ries are taking a systems approach to understand complex
developmental processes that are directed by spatial and
temporal changes at the transcriptome, proteome and me-
tabolome levels. As the main goal, this project will identi-
fy the molecular components and networks that drive the
concerted cell cycle and growth of cells in the developing
Arabidopsis leaf. This approach will provide new insights
how components interact and coordinate their activities
across different levels of organisation. The data obtained
using different technological platforms will be integrated
and analysed to create a package of integrated informa-
tion together with systems biology applications and web
services for modelling leaf growth.

In the frame of this project, we will provide com-
prehensive analysis of the Arabidopsis leaf proteome
during the circadian cycle and at defined stages of plant
development. We are investigating changes at the protein
expression level as well as the posttranslational modifi-
cations (focusing on phosphorylation and glycosylation)
that modulate protein activity and stability.

We expect that our deep proteome analysis at spatial
resolution will identify new proteins and provide infor-
mation on the potential function of unknown protein.

5. Evaluation of alternative tandem
affinity purification tags in Arabidopsis
thaliana cell suspension cultures

Van Leene, J.,

Functional Proteomics Group, Department of Plant Sys-
tems Biology, Flanders Institute for Biotechnology (VIB),
Ghent University, Technologiepark 927, B-9052 Gent,
Belgium.

6. Arabidopsis phosphoprotein profiling in
response to 2-deoxyglucose

Chen, Y.t, Weckwerth, W.12

Max Planck Institute of Molecular Plant Physiology, Am
Mulenberg 1, 14424 Potsdam, Germany. 2GoFORSYS,
University of Potsdam, Institute of Biochemistry and
Biology, Germany

2-Deoxyglucose (2DOG) is a non-metabolisable
glucose analogue and works as a substrate for hexose
transporters and hexokinase. The uptake of 2DOG is
followed by a depletion of phosphorylated intermediates,
changes ATP level and inhibits photosynthesis. Here we
provide the first results of externally induced protein
phosphorylation changes in Arabidopsis. In this study,
total proteins were extracted from A. thaliana cell cul-
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ture 6 and 24 hours after treatment with 2DOG. The
proteins were separated by 2D gel electrophoresis and
phosphoproteins were visualized with Pro-Q diamond
phospho-stain. Subsequently all gels were stained with
Coomassie Brilliant Blue (CBB) in attempt to directly
correlate phosphoprotein with total protein expression.
Reproductive protein expression profiles and nearly 300
phosphoprotein spots were resolved on 2D gels over a
pH range of 3 to 11. More than 90 protein spots showed
large and reproducible changes. In the presents of 2DOG
they were either up- or down regulated. Subsequently,
all of these differentially phosphorylated proteins were
excised and subjected to in gel digestion and LC/MS.
Functional category analysis showed that these phos-
phoproteins were grouped into energy metabolism; sig-
nalling; cell wall remodelling; cytoskeleton dynamics;
protein assembly; transcriptional, translational regulation
and stress response. Among the phosphopeptides found
to be differentially phosphorylated upon 2DOG treat-
ment, 20 corresponded to 19 phosphoproteins identified
from 2-D gels, the fraction of energy metabolism related
proteins (35%) are the biggest category in all identified
phosphopeptides. These findings may provide important
information to further investigate the function of phos-
phoproteins involved in mediating multiple signalling
and energy metabolism.

PLANT GROWTH AND
DEVELOPMENT
ORAL COMMUNICATIONS

7. Using proteomics to dissect germination
and seed vigor in sugar beet

Catusse, J.%, Strub, J-M?, Van Dorsselaer, A?, Job, C.%,
Job, D.t

1 CNRS /Bayer CropScience joint laboratory (UMR
5240), Bayer CropScience, 14-20 rue Pierre Baizet,
69263 Lyon, France (julie.catusse@bayercropscience.
com). 2 Laboratoire de Spectrométrie de Masse Bio-Or-
ganique, ECPM, 25 rue Becquerel, 67087 Strasbourg,
France

We have used proteomics to characterize germina-
tion and early seedling vigor in sugar beet. Our strategy
includes (1) construction of proteome reference maps for
dry and germinating seeds; and (2) investigation of the
specific tissue accumulation of proteins (root, cotyledon,
perisperm).

More than 1,100 sugarbeet seed proteins have been
identified by LC/MS-MS mass spectrometry (albumins,
globulins and glutelins have been analyzed separately).
Due to the conservation of protein sequences and the
quality of MS sequencing (more than 5000 peptide se-
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guences have been obtained), the success rate of protein
identification was on the average of 80%. This is to our
knowledge the best detailed proteome analysis ever car-
ried out in seeds. The data allowed us to build a detailed
metabolic chart of the sugarbeet seed, generating novel
insights into the molecular mechanisms determining the
success of germination and the development of a new
seedling. Also, the proteome of a seed-storage tissue as
the perisperm is described for the first time. During the
presentation, the data obtained with sugar beet seeds will
be compared to our previous work on Arabidopsis (Gal-
lardo et al., 2001; Rajjou et al., 2004, 2006; Job et al.,
2005; Chibani et al., 2006; Holdsworth et al., 2007).
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8. Bud proteome analysis in peach
(Prunus persica (L.) Batsch) during
vegetative and floral development

Prassinos, C.%, Kizis, D.%, Rigas, S.2,Vlahou, A2, Hatzo-
poulos, P.t

! Plant Molecular Biology Laboratory, Dept. of Agricultural
Biotechnology, Agricultural University of Athens, Greece.
2 Plant Physiology Laboratory, Dept. of Agricultural Bio-
technology, Agricultural University of Athens, Greece. ®
Center of Basic Research Il - Biotechnology, Biomedical
Research Foundation, Academy of Athens, Greece.

Bud formation is an important developmental process
for survival in perennial trees during the winter. Peach trees
(Prunus persica) maintain vegetative and floral primordia
in separate buds. Bud break for both types of buds occurs in
spring once chilling requirements have been fulfilled. Two
major factors affecting peach flowering time are variety and
location. Identification of genes involved in flowering time
in peach can improve breeding for more compact flowering
season and region specific bud break.
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We have collected samples of the “‘Evert’ variety
from two locations in Greece with different bud break
periods. Vegetative and floral buds were harvested sepa-
rately. Samples were analyzed by two-dimensional (2D)
polyacrylamide gel electrophoresis. Comparison of vege-
tative and floral bud protein profiles revealed high degree
of colinearity between the two bud types. Protein profiles
buds from two different regions also showed high degree
of colinearity. Protein spots showing differential expres-
sion as well as spots showing co-expression, between
bud-type and/or location were selected and analyzed for
sequence determination by MALDI-TOF mass spectrom-
etry. High degree of co-expression between treatments
indicates presence of genes involved in re-activation of
the buds and bud break. Proteins showing differential
expression between bud types indicate developmental
specificity, while differential expression between loca-
tions may indicate advancement towards bud break. In
contrast to the model species Arabidopsis thaliana and
Antirrhinum spp., in which both floral and vegetative tis-
sues differentiate on the same meristem, peach presents a
model for perennial tree species that vegetative and floral
meristems develop in discrete buds. Proteomics empow-
ered analysis allowed a more direct comparison of the
processes occurring between floral and vegetative buds.

PLANT GROWTH AND
DEVELOPMENT
POSTERS

9. Phospho proteome analyses provide
new insights into light induced signal
transduction in rice (Oryza sativa L.)

Reiland, S.1, Gerrits, B.2, Gruissem W.?, Baginsky, S.*!

! Plant Biotechnology, Institute of Plant Sciences, ETH
Zurich, Zurich Switzerland. 2 Functional Genomics Cen-
ter Zurich, Zurich, Switzerland

The etioplast is a non-photosynthetic plastid type that
develops in leaf tissues in the absence of light. Illumination
of etiolated tissues results in the rapid re-differentiation
of etioplasts into chloroplasts, which is accompanied by
the reorganization of a heterotrophic into an autotrophic
metabolism. This fundamental reorganization of the plas-
tid metabolism has an impact on the entire plant. In initial
experiments, we have characterized the effect of light on
the etioplast proteome and reported a comprehensive quan-
titative proteome analysis that also comprised an analysis
of posttranslational madifications (Kleffmann et al. 2007).
We could demonstrate that phosphorylation is involved in
the early light adaptation of the organelle and expanded our
analysis now to the entire plant cell. This is an important
expansion of the organelle-centric analysis because the
plastid is embedded in a cellular signaling system and
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receives and emits signals in order to coordinate metabolic
activities. We analyzed the phosphoproteome of illumina-
ted versus non-illuminated rice seedlings and identified
1007 phosphorylated proteins from dark-grown seedlings
and 737 proteins from light-grown seedlings. The iden-
tified phospho proteins are distributed among different
organelles, functional categories and metabolic processes.
A comprehensive analysis of phosphorylation sites con-
firmed the activity of different kinases and suggested the
light-induced activation of a casein-kinase like enzyme.
The identified phosphorylation sites are the basis for the
design of targeted, kinome profiling experiments for the
identification and characterization of the kinases involved
in light-driven signaling events.
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The haploid male gametophytes of higher plants play
a vital role in plant life cycle, plant fertility and crop
production. Pollen ontogeny also provides an attractive
model of cellular development, in which to dissect the
fundamental processes of cell growth and division, cel-
lular differentiation and intercellular communication. In
addition, tobacco male gametophyte represents a natural
model for the study of translational regulation of gene
expression in plants. Pollen specific gene ntp303 and its
encoded 69 kDa glycoprotein, major component of pollen
tube cell wall, are excellent markers for this study. ntp303
mMRNA is intensively synthesized during pollen matura-
tion and stored in the form of EDTA/puromycin-resistant
ribonucleo-protein particles (EPPS).

Here we report the first structural data on transla-
tionally inactive large ribonucleo-protein complexes in
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tobacco male gametophyte. These EPPs are formed in im-
mature pollen and contain translationally silent mMRNASs
stored for later use during the progamic phase of male
gametophyte development. EPP complexes were found
to be present in growing pollen tubes for over 24 hours.
Although massively activated at early phases of pol-
len germination, they also serve as a long-term storage
transported along with the translational machinery to
the tip region. Moreover, EPP complexes were shown to
contain both ribosomal subunits; such pre-formation and
temporal inactivation of the whole translational apparatus
fits well with the demand of rapid activation of various
reserves at the onset of progamic phase as well as long-
term storage. To our best knowledge, it is also the first
report of stored MRNP complexes containing pre-formed
ribosomes in plants.
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Mild water deficit imposed by deficit irrigation strat-
egies is being used to grow grapevine plants with water
saving. Besides, it is believed that by avoiding extreme
water deficit conditions productivity is only slightly af-
fected and quality could even be improved. Regulated-
deficit irrigation (RDI) has been one of those strategies.
RDI consists on the reduction or removal of irrigation
during specific periods of the grape berry development.
At present, the precise effects on grape berry quality
of this practice are still largely unknown. The specific
purpose of the present study is to characterise the grape
berry skin proteome and its alterations during develop-
ment and under different water supply regimes. For that,
total protein skin extracts from berries of field grown
grapevines of the variety Aragonez were analysed by
two-dimensional gel electrophoresis (2-DE). From the
analysis of the different protein maps obtained for ber-
ries at distinct developmental stages and from stressed
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and control plants (fully irrigated) several quantitative/
qualitative alterations of protein expression patterns were
observed. The main alterations will be presented. Some
of the polypeptide spots that significantly changed as a
result of the experimental conditions were excised from
the gels and identified by mass spectrometry. These pro-
teins are mainly involved in environmental information
processing, transcription or plant defence responses.

12. Tomato Chromoplast Proteome:
challenges and perspectives
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In our work we focus on non-photosynthtic plastids
(i.e Chromoplasts) which are part of the compartimen-
talised genetic machinery of the plant cell and originated
from endosymbiosis. We report about different proteom-
ics technology to characterize the functional genome of
the organelle. Both, chromoplasts and protein extraction
protocols were set up. It has been necessary to adapt a
method used to extract tomato proteins, which involves a
phenol-based phase separation, introducing a preliminary
step during which the homogenized sample is washed
with cold acetone in order to remove phenolic interfering
compounds. A proteome study based on differential gel
electrophoresis (2D-DIGE) was performed in order to
analyze the differences between chromoplasts of trans-
genic and wild-type tomato fruits. The aim of this work
was to study the ripening-associated proteome changes
of tomato chromoplasts from two different transgenic
lines (one overexpressing DXS and the other PSY), with
the emphasis to monitor the overall changes in the pro-
tein pattern to identify differential proteins specifically
related with carotenoids accumulation. The analysis was
performed with DIGE technology with the inclusion of an
internal standard. 2D-DIGE takes advantage of differen-
tial fluorescence protein labelling and sample multiplex-
ing to improve accuracy and reliability of comparative
analyses. Proteins were separated using 2-DE, using a
non-linear pH 3-11 electrofocusing gradient in the first
dimension and 12.5% polyacrylamide gels in the second
dimension. Four replicate for each sample were obtained.
DeCyder software (GE Healthcare) was used to distin-
guish clear statistical differences in protein expression.
On the other side, since membrane proteins are under
represented in 2-D gels due to their high hydrophobicity,

ProTeOMICA * NUMERO 1 * FEBRERO 2008

BN-PAGE was used instead. BN-PAGE is a special case
of native electrophoresis for high resolution separation
of enzymatically active protein complexes from tissue
homogenates and cell fractions. The separation principle
relies on binding of Coomassie blue G250 which provides
negative charges to the surface of the protein. BN-PAGE
was performed as described by Reisinger et al. (2006).
Spots for identification were excised from 2D-DIGE gels
and BN-PAGE gels, tryptically digested and analysed
by MALDI-TOF/TOF MS or nanoLC/ESI-Q-TOF MS.
Acquired spectra were then searched with Mascot (Ma-
trix Science, UK) against the NCBI database and blasted
against the Tomato EST database. The characterization
of some of these 2D-DIGE spots by nanoLC/ESI-Q-
TOF MS analysis allowed the identification of proteins
involved in the physiological processes such as stress, de-
fence, carbon metabolism and energy conversion, such as
different HSP, NADH-ubiquinone oxidoreductase, SOD
and ripening related proteins. The identified proteins
were involved in response to biotic or abiotic stresses,
in cellular and in secondary metabolism. In particular, as
far as it concerns the relative abundance, the dominant
proteins were involved in defence mechanism and ripen-
ing. On the other side, the BN-SDS PAGE technique has
been proven to be a good method to resolve highly hy-
drophobic integral membrane proteins from chromoplast
preparations, but also challenging for this kind of sample.
These membrane protein complexes are just now being
analyzed by nanoLC/ESI-Q-TOF.
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The explosion of one of the four reactors of Cherno-
byl nuclear power plant (CNPP) on 26 April 1986 caused
the worst environmental nuclear disaster in the history. A
total amount of about 1018Bq radioactivity was released
not only to the close surroundings of the power plant but
also to large parts of Europe. In the present time, the
Chernobyl contaminated area represents a unique area
for radioecological and radiobiological research difficult
to perform elsewhere. Despite the fact that since 1986
radiation levels in the affected environment have declined
several hundred folds, dangerous long-living isotopes
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such as ¥’Cs and °°Sr remains as main contaminants.
Now, 21 years after the accident, the question how plants
in contaminated Chernobyl were able to adapt is still
open, and needs to be fully answered. Plants are station-
ary and thus must adapt to extreme conditions in order to
survive. The main objective of our research is to charac-
terize quantitative differences on protein levels between
soybean (Glycine max) and flax (Linum usitatissimum)
grown in contaminated (~5 km from CNPP) and control
(~100 km from CNPP) experimental fields in order to
elucidate molecular mechanisms plants used for adapta-
tion. Here we will present the first step of our effort;
comprehensive proteomics characterization of mature
soybean seeds grown in contaminated and control experi-
mental fields. To acquire complex proteome information
about expressed proteins in the seeds grown in Chernobyl
condition, the total proteins were quantitatively analyzed
using two-dimensional gel electrophoresis (2-DE). The
proteins that changed in their expression were excised
from 2-DE gels and analyzed by liquid chromatography
tandem mass spectrometry.

The project has received the funding from FP7 of the
European Union (MIRG-CT-2007-200165). This abstract
reflects only the author’s views and the Community is
not liable for any use that might be made of information
contained herein.

14. Proteome analysis: a powerful
approach to unravel the acclimation
towards osmotic stress and to get insight
into intercultivar differences
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The Laboratory of Tropical Crop Improvement (K.U.
Leuven, Belgium) hosts, under the authority of Bioversity
International, the global in vitro collection of banana varie-
ties (Musa and Ensete spp.). The aim of this international
gene bank is to conserve all banana and plantain genetic
resources safely and to supply the germplasm to any bona
fide users. K.U. Leuven was one of the pioneers to explore
the possibilities of storing germplasm in liquid nitrogen (at
-196°C). For successful storage at -196°C, cells need to
survive a severe dehydration process prior to freezing. In
general, dehydration tolerance is achieved by an osmotic
stress acclimation. However, more than half of the collec-
tion consists of varieties that show a low survival rate.
Hence, there is a need to unravel the mechanisms behind
acclimation and to get insight into the genotype speci-
fic diversity. Protein separation via two-dimensional gel
electrophoresis (2DE) and protein identification via tan-
dem mass spectrometry (MS/MS) is the most informative
approach for a poorly characterized organism like banana
(Carpentier et al., 2005; Carpentier et al. 2007).
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We are interested in intercultivar differences and the
effects of 3 different specific acclimation treatments over
time. Using the DIGE approach we consider 4 different
time points. Experiments show that 4 days of acclima-
tion is significantly correlated to the highest post-thaw
survival. A first insight into the complex data set was
obtained via principal component analysis. It confirms
that the proteome at 4 days is clearly different from the
other sample points. Moreover, PCA identifies multiple
proteins that are correlated to this sample point and shows
the correlations among several proteins. The individual
differences between the sample points are validated via
confirmatory ANOVA. The exploration of the biodiver-
sity of the banana genome (AA, BB, AAB, ABB, BBB,
AAA) showed already evidence for B genome specific
proteins.

15. Comparative plant proteome analysis
of responses to abiotic stress using LC-
based approaches
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Environmental influences such as high light, drought,
high or low temperature and salinity affect growth and
yield of crop plants by leading to altered gene and protein
expression, metabolic changes such as flavonol biosyn-
thesis, and growth retardation. How such environmental
stimuli are perceived and trigger the complex defensive
and adaptive signalling networks, and how these events
result in resistance/tolerance is of major practical interest.
We aim to identify regulatory circuits of abiotic stress res-
ponses in plants using Arabidopsis and barley as model
systems. In our presentation we will give examples for
quantitative protein profiling of plant material to monitor
responses to different abiotic stresses. We will focus on
LC-based label-free techniques besides the classical 2-D
approach for comparative protein analysis.

A complementary proteome study was started to
analyse the response of Arabidopsis plants exposed to
cold stress (6°C). We first carried out a comparison of
protein patterns by using DIGE technology. Taking ad-
vantage of recent developments in proteome analysis
fractionated samples from these studies were also analy-
sed by a label free quantification method using a nanoLC
System combined with ESI-Q-TOF MS/MS (Waters).
This novel approach showed quantitative differences in
response to cold treatment for an additional number of
proteins. Furthermore we have started to investigate frac-
tions of phosphorylated proteins from these experiments
using gel-based as well as gel-free separation techniques
prior to identification by mass spectrometry. Many of
the proteins identified have been described previously
in the context of cold stress responses, indicating the
validity of our complementary approach for further in
depth studies.
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Besides we are interested in monitoring changes in
protein composition during UV-stress by comparing bar-
ley plants, which were either exposed to UV-B-radiation
or grown under regular conditions (control plants). Epi-
dermal tissue was chosen for analyses because previous
experiments showed that UV-B-absorbing secondary me-
tabolites are mainly accumulated in this tissue type. The
guantitative protein profiling was performed using a 2-D
approach in first instance. A label free LC-based analysis
was applied for complementary investigations. Therefore
whole crude extracts were digested and directly analysed
by LC-separation combined with ESI-Q-TOF MS. The
revealed data confirmed earlier results obtained by using
conventional 2-D separation technology. A number of
supplementary proteins displaying quantitative differen-
ces were identified with the help of this novel approach.
Among them are proteins which are hardly resolved using
2-D gel electrophoresis, like low abundant proteins and
those with extreme pl-values.

Our results supply evidence that the used methods for
protein separation and quantification are complementary
rather than compatible for the elucidation of changes in
protein patterns during abiotic stress responses. In fact,
using LC-based approaches is especially advantageous
when investigating regulative components such as pro-
teins related to DNA activation/deactivation (e.g. Histons
and transcription factors) or involved in signalling casca-
des (e.g. Kinases).
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16. Effects of Cd in the xylem sap of
tomato (Lycopersicon esculentum) plants:

a proteomic approach
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Cd toxicity in crops has become in a serious problem
nowadays, especially in developed countries. In soils, Cd
accumulation may come from different sources, includ-
ing air pollutants and soil applications of commercial
fertilizers, sewage sludge, manure and lime. In these
polluted soils, Cd is generally present as free ions or sol-
uble forms, and its mobility depends on the presence of
chelating substances and other cations but being overall
easily taken up by the roots. Once within the plant root,
Cd is mobilized throughout the plant where it can reach
edible parts and become a potential hazard for human
and animal health. A critical step in Cd mobilization is
xylem sap transport, but little information is still avail-
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able about this process, including the chemical form(s) in
which this heavy metal is present in this fluid. The goal
of this work was to study changes induced by Cd toxic-
ity in the proteome of xylem sap obtained from tomato
plants, in order to elucidate if any proteins are involved
in Cd transport and to better understand the physiological
changes involved in Cd toxicity.

Tomato plants cv. Tres Cantos were grown in a con-
trolled environment chamber (80% RH, 23°C-16 h/19°C-
8 h day/night regime) in half-strength Hoagland nutrient
solution for two weeks. After this period, plants were
transferred to nutrient solution containing O uM Cd (con-
trol) or 10 uM CdCl,, and grown in these conditions
for 10 more days. Xylem sap was obtained by collect-
ing the fluid bled by the plants after stem decapitation.
Proteins were precipitated from 10 mL of pooled xylem
exudates obtained from 18 plants and resuspended in
rehydration buffer (Bio-Rad). First dimension isoelectric
focusing was carried out on 7 cm Ready Strip IPG strips
(Bio-Rad) with a linear pH gradient from pH 5-8. The
second dimension SDS-PAGE was performed in 12%
SDS-polyacrylamide gels, at 20 mA per gel for 1.5 h.
Gels were subsequently silver stained and analysed with
PDQuest 7.1 software (Bio-Rad). In a preliminary study,
13 protein spots of interest were excised from the gels,
in-gel digested by trypsin and the mass spectra obtained
with a MALDI/TOF-MS apparatus (Bruker Daltonics).
The experiment was repeated 3 times.

Two-dimensional separation of xylem sap proteins
from plants grown with 0 or 10 uM Cd resolved 204
and 209 spots, respectively. Averaged polypeptide maps
analysis indicated that the 10 uM Cd treatment caused
increases in signal intensity in 34 spots and decreases in
36 spots, when compared to control plants. Also, 10 and
2 spots were only detected in plants grown with 10 and 0
uM Cd, respectively. The initial batch of spots analyzed
included 6 spots exhibiting signal increases and 7 newly
detected spots in gels from xylem sap of Cd treated to-
matoes. Six spots gave significant matches to known
proteins from different species. These proteins include:
3 chitinases: a putative basal resistance related chitinase
from Nicotiana tabacum (CAI154289), a class 1 chitinase
(AAB96340) from Solanum tuberosum and a chitinase
(CAA78845) from Lycopersicon esculentum, 2 peroxi-
dases: one peroxidase (CAB67121) and a peroxidase pre-
cursor (CAA64413) from Lycopersicon esculentum and
an osmotin 81 (AAP14938) from Solanum tuberosum.

17. Comparative proteomics of developing
soybean and flax seed tissues in chronic
ionizing radiation and control field
conditions
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After nuclear weapon trials and several industrial
disasters, land pollution with radioactive wastes became a
significant common problem. For instance, vicinity of the
Chernobyl Power Plant still have considerable radioactiv-
ity level due to the presence of long living isotopes, such
as ©¥’Cs and *°Sr. Sadly, even 20 years of research since
reactor explosion did not bring clear answers on mecha-
nisms of plant abilities to survive, grow and successfully
reproduce under permanently increased level of radio-
activity. To fill this hole, we started to utilize systematic
approach on protein level in order to establish complex
view on several plant generations grown under long-term
influence of low-level ionizing radiation in the Chernobyl
area. The research will elucidate changes in metabolic
pathway patterns and/or their developmental/spatial dy-
namics which allow adaptation to such environment. Dur-
ing 2007 growth season Glycine max and Linum usitatis-
simum mature seeds were collected from experimental
plots in Chernobyl and “clear” zone. After phenol based
protein extraction 2-DE reference maps were created.
Following Colloidal Coomassie Blue staining quantita-
tive differences were analyzed by ImageMaster software.
Differentially expressed spots were subjected to LC-MS/
MS analysis for protein identification.

The project has received the funding from FP7 of the
European Union (MIRG-CT-2007-200165). This abstract
reflects only the author’s views and the Community is
not liable for any use that might be made of information
contained herein.

18. Studies on resurrection behaviour of
Haberlea rhodopensis
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A small group of angiosperms, known as resurrec-
tion plants, possesses unique ability to survive extreme
dehydration of vegetative tissues and to restore quickly
viability after rehydration. We are focused on the Bulga-
rian endemite Haberlea rhodopensis, trying to reveal the
complex mechanisms behind its dehydration tolerance.
Our tasks are:

- etsablishment of efficient in vitro propagation sys-
tem;

- development of standartized system for desiccation
and rehydration;

- complex physiological, biochemical and molecular
studies at certain points of drying and recovery.
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As plant material we use leaves of in vitro plants
dried at controlled open air conditions. Samples for
analyses were collected according to various levels of
RW(C during desiccation and rehydration. The reaction to
oxidative stress was followed by measuring H,O,, SOD,
MDA, phenols and glutathione.

For molecular studies we use cDNA-AFLP as an
RNA imaging technique to identify transcripts that are
strongly accumulated, induced de novo or are switch off
in response to drought stress. Differential cDNAs were
obtained from silver stained polyacrilamide gels. After
re-amplification the subset of TDFs will be sequenced.
cDNA-AFLP expression profiles will be verified by Nor-
thern blot analysis or RT-PCR.

The results from cDNA-AFLP analysis enable us
to discover proteins which are involved in dehydration
processes of Haberlea. In further experiments overexpre-
ssion in E. coli of some differentially-expressed cDNA
clones, production of specific antibodies followed by
immunodetection will allow us to study the expression
patterns of respective proteins.

Knowledge of RNA transcripts and proteins will
highlights signalling networks and translational control
during water stress in plants.

19. Protein oxidation and PCD-
signaling in wheat (Triticum aestivum L.)
mitochondria during oxidative stress

Fagerstedt, K.V., Blokhina, O., Jetsu, U.

Department of Biological and Environmental Sciences,
Plant Biology, P.O. Box 65, FI1-00014 Helsinki University,
Finland

Stress related protein oxidation has been implicated
to act in the signaling cascade leading to programmed cell
death (PCD) in plant tissues. It is known that carbonyl
groups are formed early in oxidative stress and the oxi-
dized proteins act as biomarkers of stress. The carbonyl
groups formed are reasonably stable. As mitochondria
play an important role both in the production of reactive
oxygen species and in signaling the onset of PCD, we
have searched for oxidized proteins in the mitochondrial
proteome in wheat root tissue. One week old wheat seed-
lings were grown hydroponically in a nutrient solution
and divided into two groups: i. without further treatment
and ii. treated with 400 uM menadione for 16 hours to
boost the antioxidative protection of the tissues. To choose
the appropriate menadione concentration before the ex-
periments with root tissue a range from 50 uM to 4 mM
menadione was first tested with wheat protoplasts. Mito-
chondria where separated from root tissue and purified
with Percoll-gradient fractionating centrifugation. After re-
spiratory activity and membrane integrity assays to check
the intactness of the purified mitochondria, proteins were
extracted and precipitated with acetone. The mitochondrial
proteome was analysed by 2-dimensional PAGE, the pro-
teins transferred to PVDF-membranes, stained with silver
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and with a primary antibody against carbonylated proteins.
Carbonylated proteins were then located with a secondary
antibody attached to a peroxidase (HPR) with SuperSig-
nal® West Pico Chemiluminescent assay system. Com-
parisons with the silver stained membranes and the use of
ExPASYy protein databank Tagldent programme lead to the
identification of two oxidized proteins: COX1_WHEAT,
the mitochondrial cytochrome c oxidase subunit 1 and
NU5SM_WHEAT, subunit 5 of NADH-ubiquinone oxido-
reductase located in the inner mitochondrial membrane
respiratory chain complex 1.

The use of MALDI-TOF facility at the Biotechnical
Institute of Helsinki University was tested with this mate-
rial but did not give satisfactory results as wheat protein
information in the databanks is still fragmentary. The data
shows that protein oxidation takes place in wheat root
mitochondria grown in aerated hydroponic culture con-
ditions and that menadione treatment leads to decreased
protein oxidations in wheat root mitochondria. It is prob-
able that near lethal levels of menadione concentrations
would lead to increased protein oxidation and hence to
enhanced signaling leading to programmed cell death.

20. First steps of a chloroplast proteome
study of two Pisum sativum L. lines during
cold acclimation

Goulas, E.%, Lucau, A.?, Bahrman, N.%, Blervacg, A.S.},
Deravel, J., Hussain, E., Decaux, B.?, Sellier, H.2, Leje-
une, 1.2, Delbreil, B.?

1 UMR INRA-USTL «Stress abiotiques et différenciation
des végétaux cultivés», Bat SN2, 3e étage, Université des
Sciences et Technologies de Lille 1, F-59655 Villeneuve
d’Ascq Cedex, France. 2 UMR INRA-USTL «Stress abio-
tiques et différenciation des végétaux cultivés», Chaussée
Brunehaut Estrées-Mons, B.P. 136, F-80203 Peronne
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Both theoretical-based models and strong trends in
climate change already evident presume global warm-
ing consequences supposed to lead to a significant cool-
ing during winter in Europe. A better understanding of
plant behaviours at low temperatures is now an inevitable
issue, in order to address agricultural adaptation more
coherently. This is especially crucial for plants of eco-
nomical interest such as pea (Pisum sativum L.), which
is a high quality source of proteins for animal feeding.
Cold acclimation (commonly described as a progressive
acquisition of freezing tolerance by plants subjected to
low, non-freezing temperatures) has been studied in two
different pea genotypes “Terese’ and ‘Champagne’, which
are known to differ in their ability to recover after winter
(freezing sensitive and freezing tolerant, respectively).
We focused our study on their chloroplast proteome be-
cause i) it is the first and most severely affected organelle
during chilling injury, and ii) because considering cold
response at the plastid level relieve us of the usual limita-
tions related to the complex proteomes from tissues (the
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broad dynamic ranges restrict detection of differentially
accumulating proteins under physiological conditions).
The pea chloroplast proteome was analysed by using
two-dimensional electrophoresis in two out of the six
different compartments of this complex organelle: the
stroma and the lumen. Different protein precipitation
methods, rehydration buffers, pH ranges for IEF and IEF
conditions were used in order to perform good quality
and reproducibility in separation patterns. Chloroplast
proteins from stroma and lumen were resolved into about
450 and 360 spots respectively, in both Champagne and
Terese genotypes. Among them, 23 proteins were high-
lighted as potentially genotype-specific, suggesting their
implication in the ability of a pea genotype to differently
cope with low temperatures.

21. Plant responses to abiotic stress:
proteomic approach to identify LEA (Late
Embryogenesis Abundant) proteins from
plant seeds.

Goday, A.1,Amara, |.1, Dominguez, E.%, Pagés, M.%, Ode-
na, M.A.2, Bellido, D.?, Oliveira, E.2.

!Laboratori de Genética Molecular Vegetal, Institut de
Biologia Molecular de Barcelona, Consorci CSIC-IRTA,
Barcelona, Spain. ?Plataforma de Protedmica, Parc Cien-
tific de Barcelona, Universitat de Barcelona, Barcelona,
Spain.

Plants have evolved different physiological, bio-
chemical and molecular mechanisms to tolerate envi-
ronmental stress conditions. Among others, a large set
of proteins named Late Embryogenesis Abundant (LEA)
proteins accumulate naturally in some desiccation toler-
ant plant structures such as the seed and they are also
produced in plant vegetative tissues during exposure
to abiotic challenges (drought, salinity and cold). Their
presence correlates with the acquisition of stress toler-
ance, but their specific physiological functions have not
yet been determined (1).

The presence of LEA proteins in the seed and their
abundance makes this plant structure especially useful
as a source to obtain large numbers of LEA proteins for
analytical studies on a proteomic scale. By heat-treating
followed by acid treatment of soluble salt extracts we are
able to obtain a subproteome fraction, highly enriched in
LEA-type proteins and devoid of major storage protein
contaminants (2).

To identify the protein content we employed two
approaches suitable for protein identification in less com-
plex protein mixtures or subproteomes: 1D (SDS-PAGE)
gel-based procedure associated with MS analysis using
an electrospray ionization source (LC-ESI-MS/MS) and
a gel-free protocol associated with an off-line HPLC and
MS analysis via matrix assisted laser desorption/ioniza-
tion (LC-MALDI-MSMS).

Using these approaches we have identified several
LEA proteins, belonging to different LEA subgroups, in
Arabidopsis seeds and in Z. mays mature embryos.
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22. Proteome analysis of barley epidermal
tissue
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Several stress factors can dramatically affect plant
growth and crop vyield. It is known that the epidermis
of leaves acts as an effective protector against different
stresses. Nevertheless only a marginal knowledge about
proteome of epidermal tissue exists. The aim of our work
is on the one hand to generate a reference map of the
proteome of barley epidermal tissue. Furthermore we are
interested in monitoring changes in protein composition
during abiotic stresses. We focus our research on increa-
sed UV-B-radiation, because it is one of the severe abiotic
stress factors most critical for plants at high altitudes and
in specific ecosystems. Plants living at high altitudes are
predicted to have mechanisms to prevent damage from this
radiation. But till now only few information about the ce-
llular responses of sensing and responding to this harmful
radiation exist. The aim of our work is to monitor changes
in protein composition during UV-stress by comparing bar-
ley plants, which were either exposed to UV-B-radiation or
grown under regular conditions (control plants). Epidermal
tissue is chosen for analyses because previous experiments
showed that UV-B-absorbing secondary metabolites are
mainly accumulated in this tissue type.

The protein profiling both for analyses of complete
proteome and of UV-stressed material was done using 2-
D gel electrophoresis. Subsequently mass spectrometry
methods (MALDI-TOF-MS, nanoLC-ESI MS/MS) were
applied for identification. An LC-based label free sepa-
ration was applied for further investigations. Therefore
whole crude extracts were digested and directly separa-
ted using a nanoLC System combined with ESI-Q-TOF
MS/MS (Waters). The revealed data confirmed earlier
results obtained by using conventional 2-D separation
technology. A number of supplementary proteins were
identified with the help of this novel approach. Among
them are proteins which are hardly resolved using 2-D
gel electrophoresis, like low abundant proteins and those
with extreme pl-values.

Identified proteins obtained out of the proteome ma-
pping were sorted due to their functional distribution.
Furthermore the enzymes which were found are visuali-

127

zed according to the respective pathways using VANTED
onto biological networks based.

23. Comparative proteomic analysis of
heat stress on the metabolic seed protein
fraction in the widely grown Italian
durum wheat cultivar Svevo

Laino, P.*?, Shelton, D. ?, Finnie, C.?, De Leonardis,
A.M.3 Mastrangelo, A.M.3, Svensson, B.2, Lafiandra,
D.%, Masci S.%.
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mark, Sgltofts Plads, DK-2800 Kgs. Lyngby, Denmark.
8 C.R.A.-Experimental Institute for Cereal Research of
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In Central and Southern Italy, where durum wheat
is mostly grown and represents one of the most impor-
tant crops, grain filling occurs between April and May,
when sudden increases in temperature may take place.
High temperature during grain filling has already been
recognized to cause a deviation of expected properties
and quality characteristics of bread wheat doughs. This
was a consequence of differential accumulation of gluten
proteins that resulted in an alteration of their ratios that,
in turn, modify technological properties of doughs.

Wheat grain proteins are typically classified according
to their solubility proprieties into albumins (water soluble),
globulins (salt soluble) and prolamins (gliadins and glu-
tenins). These latter make up the gluten, and are mostly
responsible for rheological properties of wheat doughs.
Non-prolamin fractions include proteins with metabolic
activity or structural function. Many of these proteins may
generate allergies or intolerance in sensitive individuals.

In order to verify the consequences of heat stress on
endosperm protein accumulation in durum wheat, we
submitted the widely grown cultivar Svevo to two ther-
mal regimes (heat stress vs. control), by producing four
biological replicas for each treatment.

Two-dimensional electrophoresis (IEF/SDS-PAGE)
was carried out on the metabolic (non-prolamin) frac-
tion. IPG strips (18 cm long) in the pH range 3-10 were
used to perform three different technical replicas for each
biological replica. Spots were revealed with Coomassie
Brillant Blue (CBB) and analyzed with the software Pro-
genesis SameSpots (Nonlinear Dynamics, UK), in order
to identify differentially expressed polypeptides between
heat stressed and control plants.

This analysis revealed 132 differentially expressed
polypeptides (both up- and down regulated). These poly-
peptides were collected and their identification by MAL-
DI TOF and MALDI-TOF-TOF is in progress.

This work was supported by The Danish Centre for
Advanced Food Studies, by the project "Proteine e geni
per la protezione delle piante dagli stress biotici e abiotici
(PROTEO-STRESS)” funded by the Italian Minister of
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Agricultural and Forestry Politics, and by an STSM grant
from the EU COST action FA0603 “Plant Proteomics in
Europe”.

24. Cadmium impact on the
photosynthetic properties of spinach
leaves: a proteomic approach
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Cadmium is reported to adversely affect photosyn-
thesis. We exposed spinach plants to two levels of cad-
mium (50 and 100 mM) for 15 days to examine changes
in the proteomic structure of photosystems and associ-
ated changes to pigment composition and physiological
responses. Both levels of Cd reduced significantly the
amount of antenna proteins of PSI, while PSII antennae
were less affected, with exception of the isomeric Lhcl.1.
The formation of an anomalous core PSI complex, con-
taining PsaA and PsaB, was also observed at the end of
the treatment. Cadmium reduced photosystem super-
complexes, and PSII core proteins, while did not affect
cytochrome b6/f and the ATP-synthase complex. No new
protein was formed and no specific protein disappeared
altogether in Cd-treated leaves. Ten days of Cd nutrition
reduced the concentration of chlorophyll a and, to a lesser
extent, of chlorophyll b. A slight increase was observed in
lutein, neoxanthin and violaxanthin but, overall, the xan-
thophylls cycle did not appear to be affected by Cd, even
after 15 days of treatment. Photosynthesis of Cd-treated
leaves was reduced by 40-70% with respect to controls at
growth or higher than growth light intensities. However,
Cd only slightly affected light and CO, response, at light
and CO, lower than those experienced during growth,
which indicates no limitations due to photochemical reac-
tions and to Rubisco activity, respectively. Cadmium did
not affect the quantum yield of PSII, measured by the
ratio between variable and maximal chlorophyll fluores-
cence in dark-adapted leaves, again suggesting that PSII
operations are not impaired by this heavy metal. Our re-
sults indicate that Cd preferentially affects PSI of spinach
leaves but also reveal that damage to PSI only influences
photosynthesis when light intensity drives high rates of
electron transport, which in turn require large rates of
RuBP regeneration.

25. Avena strigosa — a new crop resistant
to aluminium stress

Polok, K., Zielinski, R.

Department of Genetics, University of Warmia and Ma-
zury in Olsztyn, Plac Lodzki 3, 10-967 Olsztyn, Poland.
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According to the FAO criteria an underutilised crop
to have a chance to be re-introduced must have a potential
to contribute significantly to nutrition and food security,
sustainability, the local germplasm must be available
and evidences of occasional breeding must be recorded.
It seems that Avena strigosa (bristle oat, black oat) fulfil
the above criteria. It is currently under field trials in Ha-
waii, where it is trying like ginger in bread production.
In Orkney region (Islands of Scotland), it is still under
cultivation in small farms. Its excellent nutritive value
champions its uses in protection of food security and
prevention of civilisation illness. With 27% more proteins
than A. sativa, 30% more than H. vulgare and 13% more
than T. aestivum, Avena strigosa belongs to species with
the highest amount of proteins among cereals. The excel-
lent amino acid profiles of all grains with prolamins might
reduce the potential risk of A. strigosa to coeliac patients.
In addition, this crop contains one of the best balances of
fatty acids for the most part unsaturated, dietary fibre, a
desirable complex of carbohydrates with a high level of
B-glucans and vitamins, carotenoids and tocopherols that
are essential to human diet. The dietary fibre content is
extremely high in A. strigosa, from 29% to 360% higher
than in the other cereals. The eating dietary fibre helps
to protect against number of diseases of the digestive
tract such as constipation, haemorrhoids and possible
cancer of the large bowel. It also helps to control weight
because it is filling but low in calories. The consumption
of dietary fibre in Europe has been estimated to be around
20 g per a day but it is encouraged to increase this level
to 30 g per a day to promote health benefit.

Avena strigosa is an ideal species for sustainable
agriculture because of reasonable yield in poor soil condi-
tions and without fertiliser supplies. It prefers acid brown
soils, leached brown soils and podzol soils, which are
classified among the poor and very poor soil complexes
with very low pH, ranging from 4.2 to 5.5, in ploughing
part. In these conditions, very low yield of the major
crops makes the cultivation unprofitable and furthermore
leads to the abandonment of arable land by farmers. The
introduction of A. strigosa, that has low edafic require-
ments, is likely to stop this process, sustain cultivation
and protect arable lands from erosion. In our experimental
conditions, on very good or good soil complexes (wheat
complexes) and appreciate agronomy, the grain yield of
A. strigosa was 40% lower that the yield of A. sativa.
However, proportions were inverted if fertiliser supplies
and agronomy were insufficient, A. strigosa yielded even
300% higher than A. sativa. The role of A. strigosa in pre-
venting soil from erosion has been confirmed by a release
a modern cultivar “SoilSaver” in the USA. Among other
advantages, it role as animal forage, cover crop, green
manure and weed controller due to strong allelopathic
activity should be mentioned.

My recent discovery that this species tolerates ex-
tremely high doses of aluminium is another reason champi-
ons for re-introducing A. strigosa. Aluminium, constituting
7.5% of the earth’ crust, belongs to the most abundant
minerals in soil. If pH is neutral or slightly acid, Al is found
as insoluble oxides or silicates that are inert to plants.
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However, at pH 5 and below (acid soils), Al is releases into
soil solution in the form of ion AI**, which damages roots,
thus affecting the whole plant development. The problem
of Al toxicity exists in many areas of Europe as a result of
“acid rains” and acidity caused by fertilisers. The attempts
to find Al-tolerance sources have been undertaken in all
major cereals but most of them rarely tolerate Al and if,
only modest doses (an average 50 uM in laboratory tests).
The only tolerant cereal is rye (up to 300 uM Al), however
it is of low interest for animal feed due to anti-nutritional
factors. Up to now, A. strigosa is the most tolerant species,
being able to grow at a concentration up to 600 uM in
laboratory conditions while rye exhibited growth inhibition
and grey root tips stained by haematoxylin. Such a high
tolerance is exhibited by Polish ecotypes nevertheless; the
majority of world A. strigosa accessions collected in gene
banks tolerate at least 300 uM of Al. None ecotype was
sensitive. Some bigger diversity is observed in our mutant
collection (two master theses are going on under my su-
pervision). Hence, A. strigosa can also serve as a source of
genes controlling tolerance to aluminium as well as can be
a good model for studying Al-tolerance in plants.

26. WCS120 and DHNS5 - similarities and
differences in the pattern of accumulation
of two cold-regulated dehydrin proteins in

wheat and barley

Vitamvas, P., Kosova, K., Prasil, I.T., PréaSilova, P.

Department of Genetics and Plant Breeding, Crop Re-
search Institute, Prague-Ruzyne, Czech Republic

WCS120 and DHNS are both cold-inducible K -
type dehydrins which accumulate in vegetative tissues
under the conditions of cold acclimation (CA). They are
orthologues, i.e., they are of the same structural type and
they are located at the homologous positions on the long
arm of group 6 chromosomes in wheat and barley. It has
been known for more than fifteen years that the level of
the accumulation of the WCS120 protein corresponds
to the acquired level of frost tolerance (FT), thus it was
suggested that the WCS120 could be a marker of FT in
wheat. In contrast, analogous relationship between the
level of accumulation of DHN5 and the acquired level of
FT in barley has not been published yet. Moreover, no re-
searcher has published any information on the dynamics
of WCS120 or DHN5 accumulation under a wide range
of growth temperatures (4 — 25 °C). Therefore, our work
was aimed to answer the following questions:

1/ What is the relationship between dehydrin pro-
tein accumulation and the acquired level of FT when
WCS120 protein or DHNS5 protein are considered? Can
the WCS120 protein be used for distinguishing of two
wheat cultivars with relatively moderate differences in
the acquired FT, e.g., two differently frost-tolerant winter
wheats? Can a relationship of correlation between the
level of DHN5 accumulation and the acquired FT be
found in barley?
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2/ What is the dynamics of WCS120 accumulation
under different growth temperatures? Can it be used for
distinguishing of differently frost-tolerant wheat culti-
vars? Can differently frost-tolerant wheat cultivars be
distinguished on the level of WCS120 accumulation at
higher temperature than 4 °C? What are the similarities
and differences in the temperature-dependent kinetics of
accumulation between WCS120 in wheat and DHNS5 in
barley?

To answer these questions, we have employed the
techniques of determination of FT (direct frost-tests) and
the techniques of 2D- SDS-PAGE and 1D- SDS-PAGE
in combination with immunoblots to determine the level
of dehydrin protein accumulation.

1/ We have found out that the level of WCS120 accu-
mulation can be used not only for distinguishing of highly
frost-tolerant winter wheat cultivars versus frost-sensitive
spring ones, but also for distinguishing of two differently
frost-tolerant winter wheat cultivars Mironovskaya 808
(higher FT) and Bezostaya (lower FT) after three weeks
of CA at 3 °C. Thus we have confirmed that the level of
WCS120 accumulation corresponds well with the level
of acquired FT, i.e., the WCS120 protein can be conside-
red a reliable biomarker of FT in wheat. In order to find
any analogous relationship between the accumulation of
dehydrin protein and the level of acquired FT in barley,
we have investigated the accumulation of DHN5 after
a three-week CA (when maximum FT is acquired) in
21 (twenty-one) differently frost-tolerant barley culti-
vars belonging to different growth habits (intermediate,
winter, spring). We have found a statistically significant
linear correlation between DHN5 accumulation and the
acquired FT, but we have obtained this correlation only
when the data obtained on the cultivars with contrasting
levels of FT (i.e., winter versus spring cultivars) were
used for the calculations. No significant correlation was
observed on a narrower scale, e.g., when only differently
frost-tolerant winter cultivars were used for the calcula-
tions. These results indicate that DHN5 in barley does not
seem to be as reliable biomarker of FT as the WCS120
in wheat; however, it should also be taken into account
that in barley, not so contrasting differences in the level
of acquired FT can be found in the wide-spread cultivars
as it is common in wheat.

2/ We have found a temperature-dependent accumula-
tion of WCS120 proteins in five differently frost-tolerant
wheat cultivars which has corresponded with the results
described for the expression of Corl4b mRNA in wheat,
i.e., the highly frost-tolerant winter wheat Mironovskaya
808 began accumulating the WCS120 protein at higher
temperature (17 °C) than the less frost-tolerant winter
wheat Sarka, Bill and Zdar (9 °C), and analogously, these
medium-tolerant winter wheats accumulated the WCS120
protein at higher temperature (9 °C) than the frost-sensi-
tive spring wheat Sandra (4 °C). Therefore, the WCS120
protein can be used as a marker of the cultivar’s specific
FT not only under cold, but already at higher temperatu-
res (17 °C or 9 °C). When comparing the temperature-
dependent kinetics of expression of WCS120 and DHN5
in two cultivars with contrasting levels of FT (a winter
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cultivar versus a spring one), we have found out that in
wheat, the winter cultivar Mironovskaya 808 and the
spring cultivar Sandra differ in the threshold temperature
for WCS120 expression (Mironvskaya 808 17 °C, Sandra
9 °C) whereas in barley, the highly frost-tolerant winter
cultivar Luxor and the relatively low frost-tolerant spring
cultivar Atlas 68 had the same threshold temperature for
DHNS5 expression (17 °C) and they began to differentia-
te at lower temperature (9 °C) according to the level of
DHNS5 accumulation (Luxor exhibited higher level of
DHNS5 accumulation than Atlas 68). The experiments
demonstrated that the wheat and barley cultivars do not
differ in their maximum FT capacity alone, but also in the
threshold temperatures for dehydrin accumulation. This
result might possibly be explained by a generally higher
FT, as well as a wider FT range in wheats than in barleys;
and / or by a greater sensitivity to lower temperatures
of wheats than barleys. It also indicated that the high
threshold temperature for the accumulation of dehydrins
could be used for a pre-screening program for highly frost
tolerant wheat cultivars, and also could distinguish these
cultivars much more rapidly than by LT, analyses.

27. Proteome response of germinating
soybean (Glycine max L.) seeds to cold
stress

Krazinska, S., Brosowska-Arendt, W., Weidner, S.

Department of Biochemistry, Faculty of Biology, Univer-
sity of Warmia and Mazury in Olsztyn, Poland

Low temperature limits productivity and geographical
distribution of many important crops. Chilling tempera-
tures that range from 0 to 12°C are common in temperate
regions during the growing season and can substantially
decrease plant productivity. To defend against the stress,
plants use several strategies, for example the regulation
of gene expression. The hypothesis that cold-responsive
proteins are likely to be involved in cold tolerance has led
to great efforts to study the gene expression profile during
cold stress. Identification of novel response genes, deter-
mination of their expression patterns, and understanding
their function will provide the molecular basis for effective
engineering strategies leading to greater stress tolerance.
In the present research, soybean (cv. Progres) seeds were
subjected to two different germination conditions in a
96h long experiment: optimum temperature germination
(+25°C, control) and low temperature germination (+10°C,
cold stress). Protein expression changes in seedlings in
response to cold stress were studied by two-dimensional
electrophoresis (2-DE). Total protein extracts were pre-
pared using thiourea/urea lysis buffer. Proteins were first
separated by electrophoresis according to charge. Isoelec-
trofocusing was carried out with 200 mg of proteins of the
various extracts using gel strips forming an immobilized
nonlinear pH gradient from 3 to 10. Proteins were then
separated according to size in 12% polyacrylamide gels.
After electrophoresis, acrylamide gels were stained with
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silver nitrate according to the manufacturer’s instruction
from Bio-Rad. Developed gels were scanned using an
ImageScanner (Amersham) with Labscan 5.0 programme
and analyzed using appropriate software (PDQuest by Bio-
Rad and 2D Platinum by Amersham). The proteins whose
expression was up-regulated were identified by enzymatic
digestion, LC-MS/MS analysis, de novo sequencing and
sequence similarity search. The identified proteins, whose
expression was up-regulated more than two-fold in re-
sponse to cold treatment were: enzymes (glyoxalase I,
chalcone isomerase), glycine-rich RNA-binding protein,
stress-induced protein SAM22-like, low temperature-re-
sponsive RNA-binding protein, dehydrin, late embryo-
genesis abundant protein, seed maturation proteins (seed
maturation protein: PM24, PM25, PM32 and 18 kDa seed
maturation protein), lectin precursor, eukaryotic translation
initiation factor, Bowman-Birk type proteinase isoinhibi-
tor D, trypsin inhibitor, storage proteins (alpha’ subunit of
beta-conglycinin, beta-conglycinin alpha’ subunit, napin-
type 2S albumin 1 precursor, glycinin) and oleosin isoform.
The proteomic analysis enabled us to identify 20 different
proteins implicated in a variety of cellular functions. This
study provides an initial insight into the proteome response
of the embryonic tissue of germinating soybean seeds (cv.
Progres) to cold stress.

28. Relative and absolute protein
guantification of Medicago truncatula
root nodules: involvement of N and C
metabolism in drought response

Wienkoop, S.%, Larrainzar, E.2, Arrese-lgor, C.2, Wec-
kwerth, W.%, Gonzélez E.M.?

! University of Potsdam, Institute of Biochemistry and
Biology, c/o MPI-MP, Potsdam (Germany). 2 Universidad
Publica de Navarra, Pamplona (Spain)

Legumes are important in agriculture as they are able
to establish symbiotic relations with nitrogen-fixing soil
bacteria. One of their major limitations is their inconsis-
tent production due to their sensitivity to abiotic stresses
such as drought. In the present work a liquid chromato-
graphy mass spectrometry-based approach (LC/MS/MS)
has been applied to analyse proteomic changes occurring
in root nodules under drought. Model legume Medicago
truncatula cv. Jemalong Al7 plants, grown in symbio-
sis with Sinorhizobium meliloti 2011, were subjected to
water deprivation for six days under controlled environ-
mental conditions. Subsequently, plants were recovered
by watering to field capacity for two days. Nodule sam-
ples were harvested at three time points, representing two
stages of drought and a partial recovery situation.

LC/MS/MS analyses led to the identification of 172
bacterial origin proteins and 140 plant proteins. For the
semi-quantitative analysis of the data spectral count was
performed. Proteins were grouped into five major cate-
gories based on their relative variations during the treat-
ment.
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For a more detailed analysis, a number of enzymes
involved in nodule C and N metabolism were selected
and absolute quantification of proteins was carried out
(Wienkoop et al., 2006). Proteins were trypsin-digested in
the presence of synthetic peptide standards of known con-
centration with an incorporated stable isotope (**C, *N).
As stable isotope-labelled and unlabelled peptides co-
migrate during chromatography, absolute quantification
is achieved by comparison of the peak area abundances
of the internal standard peptide with the corresponding
native counterpart. Regarding enzymes involved in N as-
similation, asparagine synthetase, glutamine synthetase,
aspartate aminotransferase and glutamate dehydrogenase
were targeted. About C metabolism, sucrose synthase
and isocitrate dehydrogenase were studied. Sucrose syn-
thase appeared to be the most abundant protein of all,
showing a clear decline under severe drought conditions
and a partial recovery after rewatering. Among the N as-
similation enzyme, asparagine synthetase showed one of
the strongest decline under water deficit, which was not
ameliorated during recovery.
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29. Proteome analysis of plasma
membrane proteins in barley cultivars
with different tolerance towards salt

stress
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Among the cereals, barley (Hordeum vulgare) is con-
sidered to be one of the most salt tolerant even if culti-
vars display considerable variability in tolerance towards
salt stress. Hydroponic salt stress experiments using the
parent lines of the Steptoe-Morex mapping population
revealed a more elevated tolerance of the Morex parent
towards salinity treatment than the Steptoe parent. In
order to identify proteins conferring salt tolerance and to
understand the regulation of protein expression during
salt stress, we initiated a proteome analysis of both cul-
tivars. We found more proteins differentially regulated
upon stress in root tissue than in leaf tissue, indicating
the importance of ion uptake, transport and regulation of
water status in the root. In this context, especially proteins
embedded in the lipid bilayer of plasma membranes are
of great biological importance as they control the uptake
of Na* from the soil and the transport within the plant. In
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a subcellular proteomics approach for the characterisation
of proteins embedded in or attached to plasma mem-
branes, we employed aqueous two-phase partitioning
method for the enrichment of plasma membranes. This
highly selective method for subfractionation of the mi-
crosomal fraction takes advantage on the different surface
properties of endomembranes and plasma membranes.
In the analysis, control and salt stress treated samples
from roots of Steptoe and Morex were processed and the
quality of preparations was verified using western blot
analysis of marker proteins for cytosolic, endomembrane
and plasma membrane fractions. Preparations were used
for further enrichment for integral membrane proteins by
reverse-phase chromatography. Protein identification as
well as quantification between treatments and cultivars
will be performed using label-free LC-based separation
methods. Latest results of this analysis are presented
here.

This work was supported by COST short-term fello-
wship FA0603-03178 (KW).
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30. Plant defense response against
pathogens: identification of AtCPK1-
interacting proteins as components of the
defense signalling pathway in Arabidopsis

thaliana

Orosa, B., San Segundo, B., Coca, M.

Departamento de Genética Molecular, Laboratorio de
Genética Molecular Vegetal, Consorcio CSIC-IRTA.
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In order to survive the continuous threat of diverse
pathogenic microorganisms, plants have developed effi-
cient defense mechanisms. Upon pathogen recognition, a
highly coordinated process is initiated in which different
signal transduction pathways operate for the activation of
the plant defense responses. Studies in various plant/patho-
gen systems have demonstrated that activation of defense
responses involves Ca?regulated protein phosphorylation
processes. Calcium-dependent protein kinases (CPKSs) re-
present an independent group of plant protein kinases.
Within a single polypeptide, CPKs contain an N-terminal
serine/threonine kinase domain fused to a carboxy-termi-
nal calmodulin-like domain. CPKs are therefore ideally
structured for sensing changes in intracellular calcium
concentration and translating them into kinase activity
and subsequent downstream signalling events. Results
obtained in our group indicate that a specific CPK gene
from Arabidopsis, the AtCPK1 gene, is functionally invol-
ved in the defense response against fungal and bacterial
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pathogens. In order to understand the biological function of
AtCPK1, it is essential to characterize the components of
the AtCPK1-mediated signalling pathway. To identify At-
CPK1-interacting proteins, two different proteomic appro-
aches have been followed, including the immunoprecipi-
tation of protein complexes in which AtCPK1 participates
and the purification of the AtCPK1 protein complexes
by using the tandem affinity purification system (TAP).
Components of these protein complexes were analyzed
by high resolution bidimensional electrophoresis and the
selected proteins were identified by mass spectrometry.
Among the identified proteins were an ATPase and an ATP
synthase. Results here obtained provide new insights in the
AtCPK1-mediated signal transduction pathway associated
to the defense response of Arabidopsis plants.

31. Proteomic studies in potato-PVY-
Colorado Potato Beetle interaction

Barle, K.}, Kogovsek, P.1, Jamnik, P.2, Rant, A.3, Gruden,
K.?
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Ljubljana, Slovenia. 2 University of Ljubljana,
Biotechnical Faculty, Jamnikarjeva 101, 1000
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The main research topic of our group is study of
biotic stress. One of the plant models we use is potato
(Solanum tuberosum L.). In the past few years we have
gathered data on the interaction with pathogens and pests
on the level of transcriptomics. We are now introducing
2DE analysis in combination with identification with
LC-MS-MS to complement the knowledge also on the
protein level.

We have developed procedure to analyse potato leaf
proteome: extraction of proteins with Tris/fCHAPS buff-
er, cleaning with 2-D clean up kit, isoelectric focusing,
SDS-PAGE, staining with fluorescent dye Sypro Ruby,
image analysis with Dymension 2-D analysis software
programme and statistical analysis of results using R and
MEV software. The procedure was first evaluated for
technical performance. Then, proteome between biologi-
cal replicates (3) and between different potato varieties
(Igor, Sante, Desiree) was compared to assess natural
variability of protein expression. On average 500 spots
were detected on a single gel. 46 identical spots between
gels were reliably defined with selected methodology and
used in further evaluations. Average coefficients of vari-
ation (CV) in spot intensity between technical replicates
was 14% for the selected spots, while between different
biological replicas average CV was always below 30%.
It has to be however noted that some individual proteins
showed variability of more than 50%. As a test example
leaf proteome of several transgenic Igor lines was also
analysed and variability compared to variability occur-
ring in natural cultivars. In that way potential of proteom-
ics as a tool to assess safety of genetically modified (GM)
plants was elaborated. Several statistic approaches were
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used to assess variability between varieties and between
transgenic and non-transgenic variety of potato, linear
models for identification of differentially expressed pro-
teins, PCA, clustering. Variability of transgenic plants did
not overcome variability between varieties, nor could we
identify any protein that would be specifically up-regu-
lated in transgenic plants. This results show that, besides
targeted methods, proteome profiling can be additional
method to assess safety of GM plants. Further improve-
ments of the system are now in progress to separate and
detect larger number of proteins in leaf proteome. Ru-
bisco is abundant protein in leaf samples constituting of
more then 50% of total protein. Therefore it significantly
impairs separation and detection of less abundant proteins
in the sample. We have introduced affinity chromatogra-
phy procedure to remove it.

Similarly, we have also introduced a system to analyse
proteome of Colorado Potato Beetle guts. It is generally
known that plants respond to insect attack through synthesis
of defence compounds. But it has been only recently shown
that insect react to this and that this adaptation enables
them to remain efficient pests. Using the same approach
as in analysis of potato leaf sample we were able to detect
500-850 spots per gel. Technical repeatability and variabil-
ity between biological replicates were in the same range
as well. We have studied process of adaptation in differ-
ent time points. Using linear models we have detected
11 proteins that were differentially expressed and identify
them using LC-MS-MS. Most proteins will require more
detailed analysis to allow functional annotation as no hits
were obtained using Mascot Search Tool. Three proteins
were however identified as digestive cystein proteinases,
enzymes belonging to the family of proteins already shown
to have role in adaptation on the gene level.

32. Changes induced by the Pepper mild
mottle tobamovirus on the chloroplast
proteome of Nicotiana benthamiana

Pineda, M", Sajnani, C*, Bardn, M.

Department of Biochemistry, Molecular and Cellular
Biology, Estacion Experimental del Zaidin, CSIC, Gra-
nada, Spain. *: These authors have contributed equally
to this work and are placed in alphabetical order.

Introduction

Plant proteomes are highly dynamic; for this reason
is of high interest their study under different stress con-
ditions, in order to know which metabolic pathways are
activated or repressed. Proteomic studies on plant respon-
ses to biotic and abiotic stresses are very recent (reviewed
in Rosignol, 2006; Jorrin et al., 2007).

Studies on the chloroplast proteome, a powerful en-
vironmental sensor, offer a clear picture from the meta-
bolism of this organelle, expecting to contain 2000-3000
proteins (1243 already identified, see Plant Proteome
data base, PPDB, http://ppdb.tc.cornell.edu/subproteome.
aspx; van Wijk, 2004). Some efforts have been done to
identify the changes on the proteomic profile of chloro-
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plast from plants suffering under stress factors, such as
high light (Phee et al., 2004; Giacomelli et al., 2006), iron
deficiency (Andaluz et al., 2006) and cold stress (Cui et
al., 2005; Goulas et al., 2006). Proteomic studies carried
out in pathogen-infected plants have showed that chloro-
plasts and, especially, PSII may be key players in plant
defence (Zhou et al., 2005; Jones et al., 2006).

We had investigated by two dimensional electro-
phoresis (2-DE) the changes on the protein pattern of
the oxygen-evolving complex (OEC) of photosystem
I1 (PSII) during the infection of Nicotiana benthamiana
plants with the Spanish strain of the Pepper mild mottle
tobamovirus (PMMoV-S) (Pérez-Bueno et al., 2004). In
the present work, we go further insight in the analysis of
the chloroplast proteome of N. benthamiana by 2-DE and
mass spectrometry (MS) followed by database searching.
In addition, changes in this chloroplast proteome induced
by the infection with PMMoV-S were studied after 14
days post-inoculation (dpi).

Material and methods

Plant growth and the experimental infection were
carried out according with Pérez-Bueno et al., (2004).
Chloroplast-enriched preparations from virus-infected
plants and their corresponding controls were isolated ac-
cording to Reche et al., (1997) at 14 dpi. Sample solubi-
lisation was carried out according to Schuster and Davies
(1983) with minor modifications. 2-DE was performed
according to Pineda (2007). Protein identification was
achieved by MALDI TOF/TOF mass spectrometry and
further database searching.

Results

Chloroplastidic proteins from both control and PM-
MoV-S infected N. benthamiana plants were separated
by 2-DE and the gels were analysed to study the changes
induced by the viral infection. To improve the gel resolu-
tion, we made separate 2-DE maps for the low (4-7) and
high (6-11) pH range.

More than 200 spots could be visualised in the 2-DE
gels from chloroplast preparations isolated from control
plants: 150 spots in the pH range 4-7, most of them in
the 20-43 kDa M, region and 53 spots in the pH ran-
ge 6-11. From the analysis by MALDI-TOF/TOF mass
spectrometry, 71 proteins were identified (35.5%); in
addition, several LHCII proteins were visible in the gels
and identified by Western Blot. It was very remarkable
the high resolution grade reached in the case of the di-
fferent isoforms from PsbO and PsbP proteins, extrinsic
proteins of the OEC.

Comparative analysis of the chloroplastidic proteome
from control and PMMOoV-S infected plants revealed that
the expression levels of some proteins implicated in Ben-
son-Calvin cycle, electron transport chain and nitrogen
metabolism decreased during the PMMoV-S infection.
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Nitric oxide (NO) is a highly reactive gas produced
by plants under normal growth conditions, as well as
under stress situations. It is now recognized as a key
signaling molecule in plants but still little is known about
the way in which NO regulates different events [1,2].
Analyses of NO-dependent processes in animal and plant
systems have demonstrated that the biological effects of
NO are mostly mediated through S-nitrosylation of cys-
teine thiols. The very transitory nature of this posttransla-
tional modification constitutes an important redox-based
regulation mechanism for many proteins. During the last
few years an increasing number of reports have impli-
cated NO in the regulation of many plant physiological
processes, and several proteins potentially regulated in
this manner have been identified [3]. In particular NO
plays a crucial role in plant resistance to pathogens by
triggering hypersensitive resistance-associated cell death
and by contributing to the local and systemic induction of
defence genes [4,5].

The aim of this study was to identify protein candida-
tes for S-nitrosylation in Arabidopsis upon infection with
the bacteria Pseudomonas syringae. By identifying the
NO-targets we hope to get insights into the physiological
functions of protein S-nitrosylation during plant defense
responses. For that purpose we have used the “biotin
switch method” converting S-nitrosylated Cys to biotin-
ylated Cys. Biotin-labelled proteins were then be purified
by affinity chromatography and analysed by means of
proteomic methodology using nano-HPLC coupled to a
LTQ mass spectrometer [3,6].

This approach allowed us to identify a number
of proteins from Arabidopsis cell culture extracts and
leaves treated with the NO-donor S-nitrosoglutathione
(GSNO) or infected with and the bacterial pathogen
Pseudomonas syringae, which represent targets for S-
nitrosylation in plants. Among the proteins identified
are proteins involved in defence-and stress-related res-
ponses, redox- related proteins, cytoskeleton proteins,
metabolic enzymes and signalling/regulating proteins.
Some of these proteins have been already described
in Arabidopsis and in animal systems suggesting they
might be important under oxidative and nitrosative
stress conditions.
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to infection by Orobanche crenata
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Broomrapes (Orobanche spp.), root parasitic weeds,
infecting important crops like O. crenata is a major con-
straint for legume production in Mediterranean environ-
ments (Rubiales, D., 2003). Control is difficult due to
its characteristic biological cycle and the scarcity and
complexity of genetic resistance in most crop species.

We have used a proteomic approach to study the
molecular basis of the incomplete or non-host resistance
observed in pea crop (Pisum sativum) or in the model
legume Medicago truncatula against O. crenata. Two
accessions of M. truncatula showing early or late resist-
ance and two from pea, one susceptible and other par-
tially resistant, have been utilized. Proteins differentially
expressed between accessions and in response to the
inoculation were resolved by 2-DE and identified by mass
spectrometry.

Most of the proteins identified belong to the func-
tional categories of energetic metabolism, and of defence/
stress-related proteins. Part of these results has been pub-
lished (Castillejo et al., 2004; Jorrin et al., 2006; Rispail
et al., 2007). Interestingly, 55% of identified proteins in
M. truncatula corresponded to defence/stress category,
being most of them proteases inhibitors. We speculate
that protease inhibitors are related to resistance by inhib-
iting parasite proteases which are secreted by the parasite
in an attempt to break host physical barriers (cell wall),
hence stopping parasite invasion.
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In order to characterize the mechanisms of resistance
of M. truncatula to powdery mildew (E. pisi), we had car-
ried out a proteomic approach, in which the classical plat-
form 2-DE/MS (MALDI-TOF/TOF) has been utilized.
We have compared the leaf proteome of either control
(non-inoculated) and inoculated plants from susceptible
(Parabinga) and resistant (SA 1306) genotypes. Proteins
were extracted by using the TCA-acetone precipitation
protocol and resolved by 2-DE, with IEF in the 5-8 pH
range. Gels were Coomassie stained, images captured by
using a densitometer (GS-800, Bio-Rad) and analyzed
with the PD-Quest software. Around 380 resolved spots
were detected in the 7-98-kDa range. Forty five spots
showed differential protein expression between geno-
types in non-inoculated plants. 41 and 61 spots were dif-
ferentially expressed between control and inoculated leaf
extracts from Parabinga and SA1306 plants, respectively.
Proteins were identified from PMF or MS/MS spectra by
interrogating NCBI and M. truncatula.

(ftp://ftp.tigr.org/pub/data/m_truncatula/OLD/) da-
tabases. From the 147 differential spots 60 proteins were
identified, being them grouped in the following cate-
gories: a) enzymes of the photosynthesis and carbohy-
drate metabolism: i.e. RubisCO activase (gi|23320705);
b) stress and defence related proteins: i.e. chaperonin
(0i|806808); HSP70 (gi|20835); L-ascorbate peroxidase
(gi|7484752); c) enzymes of the secondary metabolism:
i.e. S-adenosylmethionine synthetase (gi|21593291); iso-
flavone reductase (gi|19620), d) signal transduction: i.e.
villin (gi|4938492); e) protein synthesis and degradation:
i.e. endopeptidase (gi|419773).

36. Comparison of 2D patterns of mild
and lethal pathotypes of Verticillium albo-
atrum

Stanislav, M., Javornik, B.

University of Ljubljana, Biotechnical Faculty, Dept. of
Agronomy, Ljubljana, Slovenia

135

Verticillium wilt, caused by the phytopathogenic fun-
gus Verticillium albo-atrum, is a serious threat to hop pro-
duction in Slovenia since 1997, when a new, more virulent
pathotype of V. albo-atrum was first observed. Before Slo-
venia, the lethal pathotype of V. albo-atrum was known
only in England. 2D patterns of the two Slovenian and two
English pathotypes were analyzed and compared. Major
differences were observed and identified by LC-MS/MS.
Our results indicate that the main differences between mild
and lethal pathotypes include proteins involved in interfe-
ring with plant defence like peroxiredoxine and proteins
which are the building blocks and regulating factors of the
cytoskeleton. The cytoskeleton is thought to be of great
importance concerning fungal ability to penetrate the plant
surface, hyphal growth inside the xylem vessels and espe-
cially conidiation rate at trapping sites. Some proteins from
carbohydrate and protein metabolism pathways were also
up-regulated in lethal pathotypes. These results reveal some
of the differences between the two pathotypes at molecular
level, which could explain a considerable portion of the
difference in virulence.

37. Proteomic and genomic approaches
for the study of in-root interaction
between nematode (Meloidogyne artiellia)
and fungal (Fusarium oxysporum f. sp.
ciceris race 5) chickpea pathogens
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Chickpea, the most important food legume in the
Mediterranean Basin and the Indian subcontinent, can
be severely affected by more than 50 diseases of diverse
aetiology that occur worldwide. Fusarium wilt, caused
by Fusarium oxysporum f. sp. ciceris (Foc), is the most
important soil borne disease of chickpeas and ranks as
the major yield-limiting factor for the crop. Control of the
disease is primarily by the use of chickpea cultivars with
resistance to specific races of the pathogen. However,
valuable Foc-resistance can be annulled by joint infec-
tions of resistant roots with Foc and the root-knot nema-
tode Meloidogyne artiellia. Infections by the nematode
begins with penetration of root tissues by second-stage
juveniles (J2) at the zone of root elongation; thereafter,
the J2s individuals establish a permanent feeding site and
induce formation of several (usually 4-6) multinucleate
giant cells that support growth and reproduction of the
sedentary reproductive females.

Co-infections of chickpea by M. artiellia and race
5 of F. oxysporum f. sp. ciceris (Foc 5) increased the
severity of Fusarium wilt in genotypes partially resistant
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to Foc 5, and overcame resistance to the fungus in some
genotypes with complete-resistance phenotype. However,
the underlying mechanisms seem be more biological
and/or biochemical than mechanical. The objective of
this research was to determine whose mechanisms are
involved in the plant defence response when the plant is
co-infected by these pathogens. We used two chickpea
genotypes whose resistant phenotypes remained either
stable (ICC14219K) or unstable (CA 336.14.3.3) in co-
infections with both pathogens. Plants were root-inocu-
lated by either one or the two pathogens and their root
proteomes were analysed by 2-DE and MALDI-TOF
MS in sectioned galls induced by the nematode. Several
proteins whose expression was differentially affected
with respect to equivalent root samples from non-ino-
culated plants could be revealed. These results suggest
that root-gall-segments constitute the better choice for
studying defensive root proteins in these plant-pathogen
interactions at the proteomic level. For to study defen-
sive mechanisms developed at earlier infection steps a
second approach has been performed by analysing by
Real-Time QRT-PCR the expression of genes related with
the pathogenesis. Thus, the use of proteomic and genetic
tools allowed us to study localized and systemic plant
responses in different periods of time.
Research financed by Project AGL2003-00640
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38. A proteomic approach to follow
RubisCO expression in arbuscular
mycorrhizal and metal-stressed plants

Bona, E.%, Cattaneo, C.}, Marsano, F.%, Cesaro, P., Lin-
gua, G.}, Todeschini, V.1, Trotta, A.?, Cavaletto, M.t ,Ber-
ta, G.!

1Department of Scienze dell’Ambiente e della Vita, Uni-
versity of Piemonte Orientale “A. Avogadro™, Via Bellini
25/G, 15100 Alessandria, Italy. 2Department of Biologia
Vegetale, University of Torino, Viale Mattioli 25, 10125
Torino, Italy

The influence of arbuscular mycorrhizal (AM) fungi in
the plant-responses to metal stress is a very complex multi-
factorial mechanism. We employed a proteomic approach
to gain deeper insight into the expression of RubisCO in
two phylogenetically distant plants: Pteris vittata, which
hyperaccumulates As and Populus alba, grown in a Cu
and Zn polluted soil. In both cases, the plants have been
inoculated with the AM fungus Glomus mosseae.

From land plants to green algae, RubisCO is a
holoenzyme composed of eight large subunits (LSU)
and eight small subunits (SSU); it is well known that
oxidative stress is responsible for LSU fragmentation,
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but no information exists on the effect of AM fungi in
modulating the RubisCO expression in the presence or
not of metal stress.

Fern pinnae and poplar leaves were ground in lig-
uid nitrogen and proteins extracted with TCA/acetone
precipitation. All the samples were separated by two-di-
mensional electrophoresis (2-DE), using linear pH 3-10
and 4-7 IPG strips. 2-DE gels were Coomassie stained
and comparative analysis of the differentially expressed
proteins was performed with PDQuest software; results
were validated by two-way ANOVA statistical analysis.
Identifications have been carried out by nano-LC ESI Q-
TOF MS/MS peptide sequencing on QSTAR-XL mass
spectrometer, followed by searching the NCBInr database
in the Mascot algorithm (www.matrixscience.com).

Many differentially expressed spots belonged to the
RubisCO complex (LSU and SSU) and to RubisCO acti-
vase (RCA). Thanks to the high resolution of 2-DE, mul-
tiple forms of LSU and SSU were identified, many spots
corresponding to LSU fragments, while some others cor-
responding to aggregation of LSUs. In P. vittata a drastic
reduction in LSU abundance has been detected when the
fern was treated with As, while the co-presence of G. mos-
seae and As brought LSU expression to control values.
In P. alba a characteristic LSU fragmentation pattern was
evidenced in control soil, while the mycorrhizal fungus
mainly influenced the expression of different forms of RCA
in the presence of metals. These results indicate that both
the metal/metalloid and the AM fungus affected the mature
expression and assembly of RubisCO. We can suggest that
the proteomic analysis (2-DE plus mass spectrometry data)
of RubisCO profile could be employed as a protein signa-
ture for biotic and abiotic events in plants.

39. The arbuscular mycorrhizal
symbiosis, a modulator of cadmium stress

Dumas-Gaudot, E.}, Aloui, A.*?, Robert, F.%, Valot, B.3,
Henry, C.%, Morandi D.%, Aschi-Smiti, S.?
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Ecosystems are submitted to various abiotic stresses,
among which heavy metals represent major industrial pol-
lutants. Cadmium (Cd), that has damaging effects on plant
metabolism, occurs in agricultural environments through
industrial pollution and human activities, including phos-
phate fertiliser and sewage sludge applications. Metal avail-
ability to plants can be modulated by soil microorganisms,
such as arbuscular mycorrhizal (AM) fungi. In the present
work, Cd effects on the model legume Medicago truncatula
inoculated or not with the AM fungus Glomus intraradices
have been studied at 3 levels: (1) plant biomass production
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together with green part chlorophyll quantification and root
isoflavonoid accumulation, (2) G. intraradices develop-
ment inside roots and (3) root and shoot profiles of total
proteins. A Cd concentration of 2 ppm caused a reduction
of root growth, which was alleviated in colonized plants.
Cd application led to an increased accumulation of some
isoflavonoids [ononin, malonylononin and medicarpin-3-O-
(6’-malonylglucoside)] in nonmycorrhizal roots compared
to mycorrhizal roots. Metabolic markers of mycorrhization
(apocarotenoids) were partly reduced in Cd treated plants.
Global changes in root and shoot protein accumulation of
Cd-stressed M. truncatula during the symbiotic interaction
with G. intraradices were monitored by differential pro-
tein display (2-dimensional electrophoresis). Cd provoked
changes in protein accumulation in root and shoot tissues,
some of them being reverted by the AM symbiosis. The
proteins whose abundance was modified in Cd and/or G.
intraradices-treated roots and shoots were identified by LC-
MS/MS and MALDI-TOF mass spectrometry, respectively.
In roots, most of the proteins whose amount was increased
by the mycorrhizal association belonged to metabolism
category (38%), signal transduction (9%) and miscellane-
ous ones (9%). Interestingly, 44% of the proteins that were
identified in response to Cd stress, and whose volume was
reduced by the AM symbiosis, belonged to defence and cell
rescue processes. RNA expression profiling was performed
for the gene encoding a thaumatine-like, showing a good
correspondence between transcript and protein expression
profiling. In shoots, both Cd and mycorrhizal colonisation
affected mainly proteins involved in the photosynthetic
pathway, including several isoforms of the rubisco diphos-
phate carboxylase. A phosphoglycerate mutase enzyme
mainly characterized the response to Cd stress of mycor-
rhizal plants. Results will be discussed in relation to a possi-
ble role of AM symbiosis in detoxification and/or resistance
mechanisms towards Cd in M. truncatula plants.
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40. Alterations in the root proteome of
rice plants during the establishment of an
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Arbuscular mycorrhizal (AM) symbiosis is one of the
most widely distributed root-microbe interactions (Smith
and Read 1997). This mutualistic association is characte-
rized by a bilateral exchange between the two symbionts:
plants benefit from an improved mineral nutrient uptake
from the soil (mainly phosphorus) while, in turn, AM fungi
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are supplied with the organic carbon forms essential for
achieving their full life cycle. The process for the establish-
ment of the AM symbiosis can be divided into different
stages: i) the presymbiotic phase; ii) contact and entrance
of the fungus into the root tissue; iii) intraradical fungal
proliferation; and iv) cell invagination and nutrient transfer.
The establishment of the AM symbiosis in the whole root
is, however, highly asynchronous with the occurrence of
the different stages, once the fungus has initiated root pe-
netration. Application of genomic tools to studies the AM
symbiosis has revealed a multitude of potentially relevant
plant genes that respond to the development of the sym-
biosis. Genomic approaches have mainly been initiated in
dicotyledonous plant species, such as the model legume
system Medicago truncatula (Journet et al. 2002). Arabi-
dopsis is refractory to colonization by AM fungi. Among
monocotyledonous species, rice is a host for AM fungi. A
microarray analysis of rice after colonization by a sym-
biotic fungus, Glomus intraradices, revealed conserved
mechanisms in the response of mono- and dicotyledonous
plants to AM. This study also showed conservation of the
transcriptional response of rice to colonization by sym-
bionts and pathogens (Guimil et al. 2005). Now, proteome
analysis can be used to characterize components required
for the development of AM symbiosis in plants.

We initiated a project to investigate changes in the
proteome of rice roots associated to the establishment of
the AM fungi G. intraradices. High-resolution 2D-PAGE
of rice roots identified 1.250 root proteins. By using a
comparative proteomic approach, statistically significant
changes in protein abundance were recorded between ino-
culated and non inoculated roots of rice plants. Progress in
the study of proteins associated with the development of
mycorrhizal symbiosis in rice plants will be presented.
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41. Barley thioredoxins, thioredoxin
reductases and quantitative cereal

disulfide proteomics

Héagglund, P., Maeda, K.%, Shahpiri, A.X, Bansager, B.C.%,
Finnie, C.%, Henriksen, A.2, Svensson, B.!

'Enzyme and Protein Chemistry, BioCentrum, Te-
chnical University of Denmark, DK-2800 Lyngby,
Denmark.2Biostructure Group, Carlsberg Laboratory,
Gamle Carlsberg Vej 10, 2500 DK. Valby, Denmark.

Thioredoxin (Trx) is a ubiquitous redox protein in-
volved in key life processes. Trx reduces disulfide bonds
in target proteins, thereby providing reducing equivalents
or modulating enzymatic activities. Trx has been extensi-
vely studied during the past 30 years but the target protein
recognition mechanism is still poorly understood. We
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study the molecular mechanisms of two barley h-type
Trx isoforms (HvTrxh1 and HvTrxh2) identified in barley
seeds?. A range of target proteins of HvTrxh1 and 2 have
been identified using proteomics techniques?. We have
recently established a quantitative proteome analysis of
the extent of Trx (or other “reagents”) disulfide reduc-
tion and apply this to identify the status for individual
protein disulfides in cereal seeds and used for extracts on
germinating embryos. Specific Trx target disulfide bonds
are identified?, e.g. the C144-C148-disulfide in barley a-
amylase/subtilisin inhibitor (BASI). We determined the
first three-dimensional structure of a Trx-target protein
complex (HvTrxh2-BASI) as a disulfide bonded cova-
lent reaction intermediate*. The crystal structure shows
a conserved hydrophobic motif in Trx having van der
Waals’ and backbone-backbone hydrogen bonds contacts
residues from BASI. This mode of binding suggests that
recognition of features around protein disulfides plays
an important role in Trx target specificity. The quantita-
tive disulfide bond proteome analysis is validated in the
light of structural motifs. The new information will have
specific impact on cereal food technology. Recently we
have expanded this area of research by the first characte-
risation of interaction of NADPH dependent thioredoxin
reductase isozymes (HYNTR1 and HYNTR2) prepared by
cloning and heterologous expression with the two thiore-
doxin isozymes. Our results suggest that different isofor-
ms are differentially regulated but may have overlapping
roles, with HYNTR2 and HvTrxh1 being the predominant
isoforms in the barley seed aleurone layer.®
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Celiac disease is an inflammatory response in the sma-
Il intestinal mucosa caused by prolamins (gluten) from
wheat, rye and barley. Gluten is diverse proteins encoded
by large gluten gene families in hexaploid bread wheat
and only a subset of these proteins contains immuno-toxic
peptides. Recent research based on detection of CD-toxic
elements (epitopes) through specific T-cell, antibody and
DNA tests has demonstrated that the CD-toxicity varies
across gluten proteins within a single cereal variety, and
among different wheat varieties and species.

To analyze biological variation for toxicity and to
identify individual proteins containing the immuno-toxic
peptides, a large number of modern and old hexaploid and
tetraploid wheat varieties were selected with allelic varia-
tions based on LMW glutenin and gliadin loci. Prolamin
extracts from these varieties were analyzed by Differential
in Gel Electrophoresis (DiGE) to identify variety-specific
gluten proteins. Antibodies raised against immuno-toxic
peptides were used to identify proteins containing these
immuno-toxic peptides by SDS-PAGE and 2-dimensional
electrophoresis (2-DE). The antibodies were also used in
competition assays to identify high and low toxic wheat
varieties. By combining the results from different analyses
we are able to identify individual gluten proteins which
contain immuno-toxic peptides which are harmful to CD
patients. With this knowledge we will be able to aim for
the development of safer foods, by selecting non- (or low)
toxic wheat cultivars, or by developing a new non-toxic
wheat cultivar by marker-assisted breeding.
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43. Proteomic characterization of Low
Molecular Weight Glutenin subunits
associated to the Glu-A3 locus in durum

wheat
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Qualitative differences, such as pasta-making and
bread-making properties associated to different bread
and durum wheat cultivars, are due to gluten proteins (the
viscoelastic mass remaining after washing the dough with
salt solutions), their composition and their interactions
with other seed components.
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Gluten proteins are mainly composed by two protein
fractions, termed gliadins and glutenins. This latter group
of proteins is formed by large polymeric structures who-
se constituent subunits are linked through intermolecular
disulfide bonds. Viscoelastic properties of both durum
and bread wheat doughs are positively correlated with the
molecular size of glutenin polymers, that is highly variable
and can reach millions of dalton. The size of glutenin poly-
mers depends on the capability of the constituent subunits
to form intermolecular disulfide bonds that give rise to
polymeric chains of different length. Number and position
of cysteine residues present in glutenin subunits are one of
the major structural features determining dough rheologi-
cal properties. Glutenin subunits are classified into high
(HMW-GS) and low (LMW-GS) molecular weight.

The latter group of subunits has been less characteri-
zed due to their great number and heterogeneity. LMW-
GS have been subdivided into B, C and D groups but only
subunits included in the B group are considered typical
LMW-GS. In fact, C and D groups correspond to muta-
ted gliadins. Typical LMW-GS have been classified into
three major groups, (LMW-s, LMW-m and LMW-i types)
according to their first amino acid residue (Met, Ser, and
lle respectively) of the mature protein. The LMW-i type
has been detected more recently than the others and see-
ms to be mainly encoded by genes present at the Glu-A3
locus. Additionally, this last group of subunits shows stri-
King structural differences compared to the LMW-m and
LMW:-s groups since they lack an N-terminal region and
all the cysteines are localized in the C-terminal region,
though sharing the same number of cysteine residues
(eight) with the other LMW-GS types. This difference in
cysteine distribution might impact glutenin polymer for-
mation and, more in general, gluten interactions, and be
responsible for quality differences observed in different
durum and bread wheat cultivars.

In order to gain more information on this particular
group of LMW-GS we have used a proteomic appro-
ach for their study using a durum wheat line carrying
a 1BL.1RS translocation, in which the short arm of the
chromosome 1B is replaced by the short arm of the chro-
mosome 1R of rye, and therefore leaving only the LMW-
GS associated to the 1A chromosome. Comparative elec-
trophoretic and mass spectrometry analyses carried out
on LMW-GS prepared from the durum wheat cultivar
Svevo and the line carrying the 1BL.1RS translocation
have provided further information on these complex
group of proteins.

44. ldentification of differentially
expressed proteins in the flesh of blood
and common oranges
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In Italy the sweet orange production is characterized
by red pigmentation, due to the anthocyanin content. The
anthocyanins are natural red, purple and blue pigments,
mostly present in plant epidermal cells, into the vacuoles,
in which give colour to different tissues. They can act
as antioxidants, phytoalexins or as antibacterial agents.
The antioxidant activity of anthocyanins gives cause for
a variety of medicinal usage: prevention of cancer, anti-
inflammatory activity and anti-arteriosclerosis activity.
On citrus mature fruits anthocyanins are exclusively ex-
pressed in blood oranges and its hybrids. Anthocyanin
greatly varying content is strictly related to genotype and
environmental conditions, moreover expression levels
vary considerably among flesh and rind, these facts cau-
sing trouble to marketing of the product.

Taking advantage of these knowledge, we analyzed
the citrus proteome. Using 2D-gel electrophoresis se-
paration we analyzed differentially the flesh proteome
of Moro nucellare 58-8D-I, one of the cultivar with the
highest anthocyanins content, and of Biondo, a common
orange. The tryptic digest of each spot was characterized
by LC-MSMS and the protein was identified by searching
both protein and EST databases.

This work is to refer on preliminary results from
analysis of some protein related to anthocyanins biosyn-
thesis.

45. Analysis of the protein content of
melon juice and of commercial Extramel®
melon extracts

Garat, R.%, Lacan, D.t, Yard, C.}, Sauvage, F.X.2
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Bionov Ltd company produces and sells melon ex-
tracts rich in antioxidant enzymes like superoxyde dis-
mutase (SOD) and catalase (Extramel® micro-balls com-
mercial product). This extract is known for its protective
effect against free radicals and oxidative stress diseases.
The majority of the proteins of melon juice and of the
Extramel® commercial product are unknown and remain
thus to be identified.

A research contract between Bionov Ltd and INRA
(Joint research unit UMR n°1083 “sciences for enology”)
aimed to compare the protein contents of melon juice and
their corresponding Extramel® extracts.

Native proteins were extracted from two melon juices
(from two different melon varieties) and from their cor-
responding Extramel® extracts. After a global quantifica-
tion of protein contents (Bradford method), proteins were
separated by bidimensional electrophoresis (Isoelectric
focusing (IEF) with a non linear pH gradient 3-10 in the
first dimension, and sodium docedyl sulfate polyacryla-
mide gel (SDS-PAGE on 12% acrylamide) in the second.
Gels were stained with colloidal blue, and scanned at
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600 dpi before image analysis in order to reveal proteins
differentially expressed in the four different analysed
samples. These protein spots were further identified after
nano LC-ESI-MS/MS mass spectrometry by exploring the
UNIREF100 non redundant database. Some protein spots
were identified by de novo sequencing, in order to obtain
amino acid sequences of non identified peptides. Such
tags were further analysed by Blast query against UNIprot
and NnDB databases, with the help of OVNIp software.

Image analysis made possible to detect an average
of 750 to 800 spots on the 2-DE gels. The first results
confirmed that the protein contents of melon juices and
their corresponding Extramel® extracts were similar, but
that significant differences occurred between the two
melon hybrid varieties studied. Secondly, on 41 proteins
submitted to identification, only 35 were truly identified,
mainly by nano LC MS/MS methodology. Amongst these
proteins, one superoxide dismutase isoform (Mn depend-
ent SOD) was identified.
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46. Proteome variations and coding SNPs
in barley cultivars: towards integration of
the barley genetic and proteome maps
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Two-dimensional gel electrophoresis was used to
screen spring barley cultivars for differences in seed pro-
tein profiles. In parallel, 72 microsattellite (SSR) markers
and 11 malting quality parameters were analysed for
each cultivar. More than 60 protein spots displayed culti-
var variation. The most similar cultivars differed in four
spots and many differed in over 30 spots. A clustering
algorithm grouped cultivars based on the spot difference
matrix. Cultivars with superior malting quality grouped
together indicating malting quality to be more closely co-
rrelated with seed proteomes than with SSR marker pro-
files. Proteome analysis of doubled haploid progeny lines
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derived from a cross between two of the cultivars resulted
in the genetic localisation of specific protein phenotypes
in relation to markers on a barley chromosome map.
Identification of proteins by mass spectrometry showed
some spot variations to be due to amino acid differences
encoded by single nucleotide polymorphisms. The coding
SNPs could be validated by peptide mass spectrometry
in combination with expressed sequence tag and 2D-gel
data. Coding SNPs can alter the function of the affected
protein, and thus represent a direct link between cultivar
traits, proteome and genome. This study demonstrates
that proteomic studies of cultivar differences and natural
variation can be used to identify potential functional
markers for quality traits.
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47. Quantitative analysis of seed storage
proteins in four quasi-isogenic varieties of
Brassica napus by mass spectrometry and
ITRAQs reagents
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guen, J., Larrég, C.
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Our studies are focused on the biosynthesis and ass-
embly of storage proteins in developing grains (cereals,
oilseeds, legumes seeds). The aim is to gain knowledge
into factors that influence the technological and nutritio-
nal values of crops in order to improve their usage in both
food and non-food industries.

Rape (Brassica napus) is widely produced in Europe,
mainly for oilseed industry. However, the protein fraction
remaining after oil extraction — termed meal — is used
only for animal feed. The nutritional value of meals is
strongly influenced by the composition in storage pro-
teins; these proteins account for 60% of the total protein
amount of seeds, and belong to two families : 12S globu-
lins and 2S albumins.

In order to improve the nutritional quality of meals, it
iS necessary to set up methods that monitor the expression
level of these two protein families in seeds. With recent
advances in analytical methods and the ever-growing
number of sequences in protein databanks, proteomics
has emerged as a powerful method to investigate protein
expression in planta.

In the common approach, proteins are first separated
by two-dimensional gel electrophoresis. Yet, this tech-
nique fails to resolve the 2S albumins, due to their low
molecular mass and the basicity of some isoforms. Mo-
reover, 12 globulins scatter into numerous spots, mainly
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due to gene polymorphism and modifications. This results
in a hazardous quantification by image analysis.

In this context, we set up an alternative strategy,
named “shotgun proteomics”, which is based on the en-
zymatic hydrolysis of the entire proteome, followed by
a multi-dimensional chromatographic separation of the
resulting peptides and their analysis by tandem mass
spectrometry. This method was found powerful to detect
all isoforms of both 2S albumins and 12S globulins. In
order to compare the expression level of these proteins
between two samples, peptides were isotopically labeled
with iTRAQs reagents (Ross et al., 2004) prior to mass
spectrometry.

The method was used to investigate and compare
the storage proteins into four quasi-isogenic varieties of
B. napus with differing amount of erucic acid and glu-
cosinolates. Results show that the ratio between the 12S
globulins and the 2S albumins in seeds is correlated to the
amount of glucosinolates.
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To illustrate the usefulness of the proteomics tool, we
report on experiments aimed (1) to analyse the proteins in
wheat developing kernel, (2) to study impacts of environ-
mental factors on wheat grain development and protein
synthesis, (3) to identify and map mature wheat kernel
albumins globulins in a segregating progeny, and (4) to
characterize starch granule associated proteins in wheat.

These informations will be helpful for predicting the
functions of many proteins in response to developmental
or environmental changes; knowing where and when pro-
teins are expressed can provide key elements about genes
which could be used for future breeding programs.
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(1) Developing wheat kernel

Proteomic analysis during kernel formation from
the ovule stage to 15 days after anthesis allowed many
albumins and globulins to be tracked during cell and
tissue formation.

Quantitative and qualitative analysis evidenced five
types of protein expression. Four were found among the
spots that were present at all sampling stages but with
different expression profiles. A fifth type was composed
of proteins expressed for a short period of time that were,
in our case, new proteins present only in the analysed
sample stage and disappearing in the next following sta-
ge. A major part of this fifth type was composed of pro-
teins involved in the regulation of the metabolism such
as transcription factors and also proteins having short
life duration in the developing endosperm. Many major
spots were identified by mass spectrometry (MS). This
effort to identify the majority of the proteins expressed
in the developing endosperm will make possible several
approaches:

- For the identification of the cascade of protein expre-
ssion to be linked with the morphological changes
that occur in the developing tissues of the wheat
kernel.

- For the association between the proteome to the
transcriptome.

(2) Impacts of environmental factors on wheat
grain development and protein synthesis

High temperatures during grain filling are one of
the major factors that can affect the dough properties
and quality characteristics of wheat. To determine the
influence of high temperatures during grain filling on the
protein composition of bread wheat three experiments
were conducted. In all experiments plants were grown in
the field and transferred to cabinets soon after flowering
from grain development to full maturity. In each experi-
ment, samples were harvested at different post-anthesis
stages and endosperm proteins were extracted, then the
proteomic approach allowed the characterization of many
heat-induced and heat-decreased spot proteins. Of these,
in addition to Heat Shock Proteins, many enzymes in-
volved in different metabolic pathways of plants were
identified.

These studies enable us to better understand the cas-
cade of protein expression linked with heat stress or heat
shock during wheat grain filling.

(3) Mapping the albumins globulins from
mature wheat kernel

Proteomic analysis of the albumins globulins ex-
tracted from wholemeal kernels of Synthetic and Opata,
hexaploid parents of the International Triticeae Mapping
Initiative (ITMI) progeny, evidenced 226 significantly
different spots. These 226 spots were segregating in the
ITMI progeny when 104 lines were analysed by 2-D
PAGE and image analysis. Among the 226 spots, 120
showed an unbiased segregation and were successfully
mapped on the 21 chromosomes. The segregating spots
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were located on both short and long arm of the different
chromosomes and several spots were identified using
MS.
Such proteomic approach is innovative and important
for several topics:
- The mapping of proteic markers that were differing
between the two parents.
- New candidate genes for understanding kernel diffe-
rences that were not investigated up till now.

(4) Diversity and mapping of starch granule
associated proteins in wheat

Starch is the major constituent of the wheat en-
dosperm. It is composed of two components: amylose
and amylopectin. These components are synthesized in
amyloplasts in form of distinct granules.

We presented a protocol for extraction and 2-D PAGE
of wheat starch granule associated proteins. Up to 200
spots were visible in silver-stained gels. ldentifications of
all different proteins by MS are still in progress. But most
of the first analyzed proteins matched wheat proteins of
carbohydrate metabolism (more specially starch synthe-
sis) with known function.

The granule binding starch synthase (GBSS) - the key
enzyme responsible of the amylose synthesis - appeared
as charge variants with minor differences in molecular
weight corresponding to the 3 wheat genomes.

Thus, a starch granule protein map will be highly
valuable in our ongoing studies aimed to:

- Characterize starch associated proteins of some an-
cient wheat and related species.

- Describe wheat lines carrying different null waxy
genes and their granule proteome differences at both
qualitative and quantitative levels.

In wheat, to gain a comprehensive understanding of
the grain development process, comparison of proteome
of different classes of proteins (storage proteins, albumin-
globulin proteins, amphiphilic proteins, ..) or of different
sub cellular compartments (starch granules, aleurone layer,
endosperm, embryo, ..) at different stages of growth is now
essential. The four above examples illustrate the usefulness
of the proteomics tools to better monitor kernel composi-
tion and characteristics of future quality wheat.
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Due to simplicity and obvious genetic basis protein
markers are useful both in phylogenetic and applied stud-
ies. They can be used to study the nature of processes that
occur at the early stages of speciation, to estimate genetic
variation induced by mutagenesis or in vitro cultures and
to monitor changes in gene expression resulted from
stress, culture or habitat distortions. Proteins are also
valuable markers of quantitative characters in marker-as-
sisted selection. Moreover, if a suitable number of mark-
ers are located on genetic maps, they can be used to map
alignments more easily than anchor RFLP probes. The
aim of this overview is to summarize own examples of
different uses of protein markers.

The nature of processes at the early stages of specia-
tion can be understood by investigating the patterns of
non-Mendelian inheritance of molecular markers in link-
age mapping populations. Reproductive isolation barriers
are often indicated by more alleles from one parent than
expected under Mendelian rules in interspecific popula-
tions. In contrast, such deviations are rarely observed in
intraspecific populations. In four mapping populations
of two botanical species, L. multiflorum and L. perenne,
the proportion of distorted protein loci did not differ in
intra- and interspecific crosses. Surprisingly, the highest
fraction of distorted protein markers was observed in
the intraspecific cross, derived from two genotypes of
L. multiflorum, whereas no distorted segregation was
found in the interspecific cross between L. perenne and
L. multiflorum. Thus, distortions in segregation of protein
markers in four mapping populations of L. multiflorum
and L. perenne have provided support for the lack of
species boundaries between both taxa and stated for their
classification as subspecies according to the Integrated
Taxonomic System of the USA. We have also used pro-
tein markers for identification of cryptic species within
the genus Pellia, analyses of genetic structure of invasive
mollusc, Dreissena polymorpha, monitoring changes of
gene expression during in vitro cultures of A. thaliana as
well as in transgenic plants of Pisum sativum.

The heritable variation resulted from in vitro cultures
is more frequently called somaclonal variation if a culture
is derived from somatic tissues or gametoclonal variation
if a culture is derived from gametophytic tissues. Genetic
variation resulting from in vitro cultures may be a risk
associated with applications of in vitro techniques and its
controlling is a challenge. On the other hand, somaclonal
variations could be useful for production of new commer-
cial genotypes. Many strategies can be used to evaluate
genetic structure of plants derived from in vitro cultures.

Owr studies have proved that proteomic approaches
can be a simple, inexpensive and appropriate method to
evaluate somaclonal and gametoclonal variation. Geneti-
cally determined, stable changes in protein patterns have
been detected from nearly 30% to nearly 40% loci in
the A. thaliana callus culture and derived regenerants.
The level of somaclonal variation depends on a type of
culture and it is significantly lower in a system, in which
the callus phase is limited (30% vs. 40%). It is worthy
to note that the mutation at Idh locus has been lethal in a
homozygous stage. Lines carrying this mutation can only
be maintained as heterozygotes. In contrast, results have
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indicated that no gametoclonal variation is observed an-
drogenic barley plants developed from anther cultures us-
ing BAC3 (Barley Anther Culture induction medium).

Mapping and tagging of agriculturally important
genes have been greatly facilitated by an array of molecu-
lar markers. Molecular marker assisted selection (MAS)
involves selection of plants carrying genomic regions
that are involved in an expression of a specific trait. With
the development of DNA and protein markers as well
as dense genetic maps MAS has become possible for
characters governed by quantitative trait loci (QTLs). For
instance, location of protein markers on a genetic map of
L. multiflorum and L. perenne has been an important step
in finding protein markers flanking QTLs responsible for
such characters as crown rust resistance, basal leaf width,
leaf colour, flag leaf length, flag leaf area, green and dry
weight of tillers, days to ear emergence, spikelet length,
number and floret number in a spikelet. An important
outcome from the map constructed in the Department
of genetics is the identification of some protein loci for
the first time. They include loci encoding aconitase hy-
dratase, alcohol dehydrogenase, cytosol aminopeptidase,
isocitrate dehydrogenase, malate dehydrogenases, peroxi-
dases and shikimate dehydrogenase.

Despite a number of success stories the comparative
mapping is not as straightforward as previously thought.
The analysis of comparative maps in Poaceae shows that
the probability of two adjacent markers being syntenic
can be as low as 50% when heterologous RFLP probes
are used. The emerging approach of using expressed se-
guence tags (EST) or sequence specific tags also encoun-
ters difficulties with reproducibility and specificity of
amplified products. If a suitable number of protein mark-
ers are mapped, they can be an easy approach to compare
genetic maps. For example, Lolium genetic map can be
aligned with previously published using several protein
markers. Apparent co-location was observed between
Lolium and barley in a case of three markers.

Integrating genomic and proteomic technologies into
the fields of evolutionary studies and molecular breeding
would be crucial to recognize the complementarities be-
tween morphological characters, genome and proteome
level. This vital synergy would harness comprehensive
research strategies towards better understanding of diver-
sity of living creatures, its protection and more efficient
and friendly to environment breeding strategies.

50. Barley plasma membrane proteomics:
identification of protein targets for
improvement of crop plants

Mgller, A.L.B.%, Hynek, R.%, Witzel, K.?, Svensson, B.%, Co-
llinge, D.B.3, Jensen, J.D.2, Schjoerring, J.K.4, Finnie, C.2

! Technical University of Denmark, BioCentrum-DTU,
Enzyme and Protein Chemistry, Denmark . 2 Institute for
Plant Genetics and Crop Plant Research, Gatersleben,
Germany. * University of Copenhagen, Faculty of Life
Sciences, the Dep. of Plant Biology, Plant Pathology,
Denmark. 4 University of Copenhagen, Faculty of Life
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Sciences, the Dep. of Agricultural Sciences, Plant and
Soil Science, Denmark.

Almost all contact with the surroundings of a plant
cell is initially perceived via the plasma membrane em-
bedded proteins that are known to act as sensors and
facilitators of transport. Knowledge of the plasma mem-
brane protein profile is therefore needed, if we are to use
targeted breeding or gene technology to develop crop
plants that tolerate soils of poor quality, have enhanced
seed quality and nutritional value or to breed plants that
are resistant to pathogenic attacks.

We have optimized the aqueous polymer two-phase
systems for isolation of plasma membranes from barley
seeds, roots and leaves. By employing an efficient re-
versed-phase chromatography strategy, which combined
with SDS-PAGE and tandem mass spectrometry has pro-
ved valuable for enrichment of integral membrane pro-
teins (Hynek et al., 2006), we were able to characterize
the plasma membrane of the aleurone layers and embryos
from barley seeds.

At the moment, we are focusing on isolation and cha-
racterization of plasma membrane proteins from barley
leaves, because plasma membrane proteins play an impor-
tant signaling role in the response to pathogens. Pathogens
such as the powdery mildew fungus have been sugges-
ted to induce both expression and activation of a plasma
membrane proton pump in barley epidermis (Finnie et al.,
2002). Furthermore, mediators of resistance to the fungus
have been identified in the plasma membrane.

In order to compare the plasma membrane proteo-
me of infected and non-infected barley leaves, we are
currently optimizing and implementing a 2-DE method
based on benzyldimethyl-n-hexadecylammonium chlo-
ride (16-BAC) electrophoresis in the first dimension and
SDS-PAGE in the second, for obtaining a much improved
separation of membrane proteins. This 2-DE gel method,
when combined with tandem mass spectrometry is a
powerful tool for plasma membrane proteomics.

The project is funded by The Danish Research Council
for Technology and Production Sciences, The Danish Natu-
ral Science Research Council and The LMC Consortium.
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51. Identification of allergenic proteins in
foods (transgenic vs non-transgenic) by
means of proteomics

Batista, R. %2, Martins, 1.2, Jend, P. 3, Ricardo, C. P. 24,
Oliveira, M. M. 2®
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Oeiras, Portugal. ® Division of Biochemistry, Biozentrum,
University of Basel, Klingelstrasse 50/70 CH-4056 Basel,
Switzerland. # Instituto Superior de Agronomia, Tapada
da Ajuda, 1349-017 Lisboa, Portugal. ® Universidade de
Lisboa, Faculdade de Ciéncias, Dep. Biologia Vegetal,
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The safety issues regarding foods derived from ge-
netically modified (GM) plants are central to their accept-
ance into the food supply. The potential allergenicity of
the newly introduced proteins or the possible occurrence
of either altered or de novo expression of endogenous
allergens after genetic modification are major safety con-
cerns. In this study we sought to monitor, in potentially
sensitive human populations, the allergenicity effects of
5 GM materials obtained from sources with no allergenic
potential and under commercialization in the European
Union: soya Roundup Ready and maize MON810, Bt11,
T25, and Bt176. We have, also, characterized the pro-
teome of soya Roundup Ready, specifically its IgE-re-
active proteins and have compared the IgE response of
soya-allergic individuals to this genetically modified soya
versus the non-transgenic control.

For the allergenicity studies we have performed skin
prick tests with protein extracts prepared from the trans-
genic maize and soya samples and from non-transgenic
control samples in 2 sensitive groups: children with food
and inhalant allergy and individuals with asthma-rhinitis.
We have also tested IgE immunoblot reactivity of sera
from patients with food allergy, to soya and maize sam-
ples as well as to the pure transgenic proteins CrylA(b)
(conferring insect resistance) and CP4EPSPS (conferring
gliphosate resistance).

For the characterization of soya proteome we have
performed two-dimensional gel electrophoresis of protein
extracts from 5% GM Roundup Ready flour sample and its
non-transgenic control followed by Western blotting with
plasma from 5 soya-sensitive individuals. We used peptide
tandem mass spectrometry to identify soya proteins (55
protein matches), specifically IgE-binding ones, and to
evaluate differences between transgenic and non-transgenic
samples. We identified 2 new potential soybean allergens:
one maturation associated protein that seems to be part
of the late embryogenesis abundant proteins group and a
cysteine proteinase inhibitor. However, no differences were
observed as a consequence of the genetic modification.
None of the individuals tested reacted differentially to the
transgenic versus the non-transgenic samples under study.

52. Proteomics as a complementary tool
for identifying unintended side effects
occurring in transgenic maize seeds as a
result of genetic modifications.

Egidi, M.G.

Lab. of Proteomics and Genomics, Department of Envi-
ronmental Sciences, University of Tuscia, 01100, Viterbo,
Italy
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In order to improve the probability of detecting unin-
tended side effects during maize gene manipulations by
bombardment, proteomics was used as an analytical tool
complementary to the existing safety assessment tech-
niques. Since seed proteome is highly dynamic, depend-
ing on the species variability and environmental influence
we analyzed the proteomic profiles of one transgenic
maize variety (event MON 810) in T5 and T6 genera-
tion with their respective isogenic controls (F5 and F6).
Thus, by comparing the proteomic profiles of F5 with F6
we could determine the environmental effects, while the
comparison between F6 and T6 seeds from plants grown
under controlled conditions allowed us to investigate
the effects of DNA manipulation. Finally, by comparing
T5 with T6 seed proteomes it was possible to get some
indications about similarities and differences between the
adaptations of transgenic and isogenic plants to the same
strictly controlled growth environment. Approximately
100 total proteins resulted differentially modulated in the
expression level as a consequence of the environmental
influence (F6 vs. F5), whereas 43 proteins resulted up- or
down-regulated in transgenic seeds with respect to their
controls (T6 vs. F6), which could be specifically related
to the insertion of a single gene into a maize genome
by particle bombardment. Transgenic seeds responded
differentially to the same environment as compared to
their respective isogenic controls, as result of the ge-
nome rearrangement derived from gene insertion. To
conclude, an exhaustive differential proteomic analysis
allows to determine similarities and differences between
traditional food and new products (substantial equiva-
lence), and a case-by-case assessment of the new food
should be carried out in order to have a wide knowledge
of its features

53. Alterations of gene and protein
expression in a transgenic bread wheat
line over-expressing a low molecular
weight glutenin subunit gene

Scossa, F.!, Laudencia-Chingcuanco, D.?, Anderson,
O. D.2, Vensel, W.H. 2, Kasarda, D. D.2, Lafiandra, D.},
D’Ovidio, R.t Masci, S.!

! Department of Agrobiology and Agrochemistry, Uni-
versity of Tuscia, Via S. Camillo De Lellis snc, 01100
Viterbo. 2USDA-ARS, WRRC, Albany, CA, USA.

Recent efforts to increase the quantity of specific
wheat gluten proteins, directly correlated with the quality
of end-use products, have focused on the introduction of
additional gene copies by means of genetic engineering.
We have thus produced and characterized a transgenic
bread wheat line over-expressing a low molecular weight
glutenin subunit (LMW-GS).

In order to define the consequences of transgene(s)
insertion/expression and the effects of genetic transfor-
mation on the global endosperm gene expression, we
carried out a parallel transcriptional and proteomic com-
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parison of seeds from a transformed bread wheat line
that over-expresses a transgenic low molecular weight
glutenin subunit gene relative to the corresponding non-
transformed genotype.

Proteomic analyses showed that, during seed de-
velopment, several classes of endosperm proteins di-
fferentially accumulated in the transformed endosperm.
As a result of the strong increase in the amount of the
transgenic protein, the endogenous glutenin subunit, all
sub-classes of gliadins, and metabolic as well as Chloro-
form/Methanol soluble proteins were diminished in the
transgenic genotype.

The differential accumulation detected by proteomic
analyses, both in mature and developing seeds, was pa-
ralleled by the corresponding changes in transcript levels
detected by microarray experiments. Microarray analysis
showed that, during the seed development, 250 unigenes
were significantly differentially expressed. Those genes
for which a reliable annotation was available have been
classified, according to their putative functional category,
to provide an overview of the genome responses to gene-
tic transformation and transgene(s) expression. Most of
the differentially expressed genes encode various classes
of storage proteins, as well as putative transcription/
translation-related proteins or proteins involved in plant
defence responses.

Our results suggest that the most evident effect of the
strong over-expression of the transgenic glutenin gene
consists in a global compensatory response involving a
significant decrease in the amounts of polypeptides be-
longing to the prolamin superfamily. It is likely that such
compensation is a consequence of the diversion of amino
acid reserves and translation machinery to the synthesis
of the transgenic glutenin subunit.
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54. Characterization of PR-10 genes
from eight Betula species and proteomics
analysis of PR-10 (Bet v 1) isoforms in
birch pollen

America, A.H.P.%, Schenk, M.F.*2, Cordewener, J.H.G..},
van ‘t Westende, W.P.C.%, Smulders, M.J.M.*2, Gilissen,
L.JW.J.22

!Plant Research International, Wageningen UR, Wagenin-
gen, The Netherlands. 2Allergy Consortium Wageningen,
Wageningen UR, Wageningen, The Netherlands

Background

Bet v 1 is an important cause of hay fever in northern
Europe. Bet v 1 isoforms from the European white birch
(Betula pendula) has been investigated extensively. The
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allergenic potency of other birch species is unknown.
Cloning and sequencing of PR-10 genes was performed
on eight birch species to establish the presence of these
genes. Proteomics procedures like Q-TOF LC-MSE were
applied to identify which of the isolated PR-10/Bet v 1
genes are actually expressed in pollen and to determine
the relative abundance of individual isoforms in the pol-
len proteome.

Results

PR-10 genes were found in all examined birch spe-
cies. In total, 134 unique sequences were recovered. Se-
guences were attributed to different genes or pseudo-
genes that were subdivided into seven subfamilies. Five
subfamilies were common to all birch species. Protein
analysis at peptide level of pollen from five birch species
revealed that the genes of two subfamilies were expressed
in pollen, while each species expressed at least 4-5 dif-
ferent isoforms. Isoforms that were similar to isoforms
with a high IgE-reactivity (Bet v 1a =PR-10.01A01) were
abundant in all species except B. lenta, while the hypoal-
lergenic isoform Bet v 1d (=PR-10.01B01) was restricted
to B. pendula and close relatives of B. pendula.

Conclusion

Q-TOF LC-MSE allows fast screening of Bet v
1prt in pollen by determining the presence and relative
abundance of individual isoforms. B. pendula contains a
BetV1 mixture in which both isoforms with a high and
low IgE-reactivity are abundant. The presence of iso-
forms with high IgE-reactivity is apparently of determin-
ing influence for the allergenicity of this species. Other
birch species express variants that are similar to Bet v 1a
and are predicted to be allergenic as well. This excludes
B. lenta in which isoforms of intermediate IgE-reactivity
predominate and which represents the most promising
candidate for further screening of allergenicity.

55. Characterization of allergens present
in the seed soluble protein fraction of
transgenic and untransformed wheat lines

Lupi, R.Y, Pineau, F.!, Deshayes, G.t, Moneret-Vautrin,
D.A2 Denery, S.}, Popineau, Y.}, D’Ovidio, R.%, Lafian-
dra, D.3, Anderson, O.D.% Masci, S.3, Larré, C.

1UR1268, INRA BIA, Rue de la Géraudiére, BP 71627,
44316 Nantes, France - 2Clinical immunology and al-
lergology, University hospital, 54035 Nancy, France.
®Dipartimento di Agrobiologia e Agrochimica, Universita
degli Studi della Tuscia, Via S. Camillo de Lellis s.n.c,
01100 Viterbo, Italy. *USDA-ARS, WRRC, Albany, CA,
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Wheat is one of the most important crops in the word
in terms of human nutrition. Besides its great interest in
food, it is noteworthy that a significant number of patients
suffers from wheat allergy.
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As in other crops, many strategies are explored to
produce genetically modified wheat lines for research
purposes aimed at increasing technological and nutri-
tional quality. A specific transformed bread wheat line
strongly over-expressing a low molecular weight glutenin
subunit, in comparison with the corresponding untrans-
formed genotype, showed a strong decrease of the soluble
protein fraction, likely as a compensatory response to
transgene over-expression, involving, in general, a signi-
ficant decrease in the amounts of polypeptides belonging
to the prolamin superfamily (see abstract of Scossa et al,
this meeting). The objective of this work is to get infor-
mation on the impact of such a gene transfer event on the
expression of endogenous allergens.

Wheat proteins are composed of three classes accor-
ding to their solubility : the water/salt-soluble albumin/
globulin (A/G), the ethanol-soluble gliadins (Gli) and the
glutenins (Glu). Among these fractions, the albumin/glo-
bulin fraction is involved in food allergy to wheat as well
as in baker’s asthma. In this study, sera from children
and adults with clinically documented wheat allergy are
used. Our investigation focuses on the comparison of the
AJG fractions obtained from this particular genetically
modified wheat (GM-Wheat) and the untransformed line,
along with other wild-type bread wheat genotypes. Com-
parisons will be completed with 1D or 2D immunoblots
followed by the identification of allergenic polypeptides
by mass spectrometry and by analysis of IgE reactivity
to different lines in ELISA. This work should lead to the
characterization of the potential allergenic risk of this
GM-wheat compared to other non-transgenic lines.
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56. Overwintering in Trees: A Proteomics
Approach

Welling, A%, Rinne, P?, van der Schoot, C?, Kangasjérvi,
Jl

Dept of Biological and Environmental Sciences, Plant
Biology, University of Helsinki, Finland; > Norwegian
University of Life Sciences, Dept of Plant and Environ-
mental Sciences, As, Norway

Trees growing in northern latitudes have evolved dor-
mancy mechanisms that together with those that bring
about increased freezing tolerance allow survival through
extreme temperature and light conditions during winter.
Regulation of dormancy is known to involve complex in-
teraction between environmental and cellular factors, secu-
ring proper timing of dormancy induction and alleviation.
One of the key cellular factors controlling dormancy is
the communication ability between cells in shoot apical
meristem (SAM) through plasmodesmata. During endo-

ProTeOMICA * NUMERO 1 * FEBRERO 2008

dormancy plasmodesmata between SAM cells are closed
by callose (beta-1,3-glucan), resulting in morphogenetic
inactivation of the SAM. During chilling these callose
plugs are opened by the enzyme, 1,3-beta-D-glucanase.
Our aim is to elucidate the molecular mechanisms and
signal processes that regulate the activity of the specific
callose synthase and 1,3-beta-D-glucanase genes involved
in the regulation of dormancy development and the alle-
viation in hybrid aspen. Since both types of gene belong
to multigenic families our first task was to select the genes
that are involved in dormancy regulation at the SAM. One
of our approaches to identify the right candidate genes was
to use western blotting to detect the 1,3-beta-D-glucanase
proteins from the SAM and analyse these proteins by using
different proteomics and informatics tools. We detected
by western blotting several glucanase proteins that were
differentially regulated in the active and dormant SAM.
Corresponding protein bands were cut from coomassie
stained 1D gel and analysed by DeNovo sequencing with
CAF. We were able to identify at least one glucanase pro-
tein by using mascot peptide mass fingerprint search that
gave good hit also in poplar genomic and EST databases.
Identity of this protein and its possible participation in ce-
[lular communication in dormancy will be studied further
by using bioinformatics and molecular genetics tools.
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57. Stress proteins as indicators of Pinus
halepensis MILL. stablishment under

drought conditions
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Department of Forestry Engineering, ETSIAM, Uni-
versity of Cordoba, 14080 Cdrdoba, Spain. E-mail:
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Environment, EPSG, Polytechnic University of Valen-
cia, Valencia, Spain. *Plant Proteomics-Agricultural and
Plant Biochemistry Research Group, Dept. of Biochemis-
try and Molecular Biology, University of Cérdoba, Cor-
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In the Mediterranean semiarid climates, drought
stress is the main cause of seedling mortality in forest
plantation (Ceballos et al., 2004). Pinus halepensis Mill.
is a forest specie that it can growth on sites with a yearly
rainfall of 350 mm. (Diaz and Roldan 1999). In Spain,
restoration activities during the twentieth century have
been mainly based on conifers plantations, mainly Pinus
halepensis (Pemén and Navarro 1998).

The use of biochemical and molecular biology te-
chniques in forest ecophysiological studies is gaining
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interest. It is necessary to know the biology of species
in order to predict species behaviour in the field and to
select genotypes with high survival percentages under
adverse environmental conditions (i.e. water stress).

Proteomic have been shown an efficient tool to esta-
blish the phisiologycal status and characterize key pro-
teins that can be used as markers of quality attributes
involved in responses to stresses (Canovas et al., 2004.,
Rossignol et al., 2006).

The aim of this study was to analyze the influence of
date planting in growth and survival of Pinus halepesis
afforestation in Spanish south-east. Two date planting was
compared (october 05 and january 06). Measurements of
growth, survival, water potential, and chlorophyll fluo-
rescence were taken to evaluate seedlings water stress
status. Protein expression changes in needles in response
to water stress were studied using Damerval protocol
extraction (1986) and by two-dimensional electrophoresis
(2-DE) (Jorge et al., 2006).

Planting date affect significantly to growth and water
potential but not about survival percentage and chloro-
phyll fluorescence. Protein profile was determined and
some proteins was specific of a planting date in a stress
situation.
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58. Differential expression patterns in
the proteomic analysis of somatic and
gametic in vitro culture derived embryos
of Quercus suber L.
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Cork-oak (Quercus suber L.) is an important forest
tree from the southern Europe ecosystems. Cork produc-
tion from cork-oak supports an industry of economic and
social relevance in Mediterranean countries. Breeding
programs have been developed in order to obtain the ve-
getative propagation of Q. suber elite trees through soma-
tic embryogenesis (Bueno et al 2004) and the production
of pure lines through doubled-haploid plant regeneration
from gametic embryos induced in anther culture (Bueno
et al 1997). Both haploid and doubled-haploid mate-
rials have an added value for genetic studies. Although
cork-oak propagation through somatic and gametic em-
bryogenesis can offer the additional benefit of ensuring
consistent tree quality, this approach is relatively recent
and there are numerous biological unknowns regarding
this complex developmental pathway.

Proteome analysis is a powerful tool for the identi-
fication and characterization of differentially expressed
proteins. In this sense, a proteomic analysis of somatic
and gametic derived embryos of cork-oak from the same
parent tree would not only provide a repertoire of diffe-
rentially expressed proteins in both materials, but also
the foundations to investigate the biology of this complex
process. The proteome analysis of Q. suber somatic and
gametic in vitro culture derived embryos was conducted
using DIGE and MALDI-MS/MS, reporting for the first
time proteomic data on this species. Diverse protein ex-
pression patterns have been detected between gametic
and somatic Q. suber L. embryos. These proteins are
involved in a variety of cellular processes, most of which
had neither been previously associated with embryo de-
velopment nor identified in the genus Quercus.
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Although the morphological steps of Pinus needle de-
velopment are well described, very little is known concern-
ing the physiological variations between developmental
stages. Here, we present a proteomic study of needle devel-
opment. We examined 857 proteins in two different needle
developmental stages, one and thirteen months old. After
the estimation of missing values (employing sequential k-
nearest neighbor algorithm), normalization and transforma-
tion of the data, 279 differentially expressed proteins were
determined (FWER, Bonferroni correction for o =0,05).
Principal component analysis and hierarchical clustering
analysis allowed the recognition of four main differential
expressed protein groups. Comprehensive investigation of
the functions associated with clusters resulted in a consist-
ent picture of the developmental coordination of cellular
processes in each developmental stage.

60. Proteomics in Quercus ilex and its
application to the study of variability
between populations and drought stress

responses
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Holm oak (Quercus ilex L.) is an allogamous species
slightly manipulated by man, what confers great phenotypic
variability related to its origin and environmental conditions
(Jiménez et al., 1999). In Spain, holm oak is widely used
in reforestation programs (Navarro and Corrales, 2006, in
press). Although it is considered a drought tolerant species,
water stress represents the first cause of seedling mortality
after transplantation (Navarro et al., 1998). Our groups are
developing a multidisciplinary research project in which
proteomics is being used as a key approach. Preliminary
studies, where holm oak leaf proteome was analyzed, evi-
denced the great variability both between and within popu-
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lations and individuals (Jorge et al., 2005) and the existence
of changes in the protein profile as a consequence of droug-
ht stress (Jorge et al., 2006). New experiments have been
carried out with a double purpose: i) to characterize the
genetic variability between populations for future catalo-
ging, using organs with a proteome more stable than leaves;
and ii) to elucidate the molecular mechanisms responsible
for their response to drought stress. Holm oak acorns from
four Andalusian populations were used in the studies of
variability. Leaves from Q. ilex seedling subjected to three
watering treatments: i) well water, ii) 14 days of drought
and iii) 7 days of drought plus 7 days of rewatering, were
used to study the response to drought stress. Protein ex-
tractions were proceeded with TCA/acetone (Damerval et
al., 1986). IEFs were performed on 17 cm IPG 5-8 stripes,
and SDS-PAGE were made in 13% polyacrylamide gels.
Gel images were captured with a densitometer (GS-800,
Bio-Rad) and analyzed with QuantityOne or PDQuest (Bio-
Rad). Differentially expressed spots were cut from the gel,
digested and analyzed by MALDI-TOF/TOF or LC-MS/
MS. Identification was performed using MASCOT or Pro-
teinPilot (Applied-Biosystems). Q. ilex populations showed
characteristic and differential SDS-PAGE and 2-DE profiles
what allowed to establish phylogenetic distances. Some of
the differentially expressed spots belong to the legumines
family. In response to drought stress, a decrease in the ex-
pression of photosynthetic (PSII OEC 1y 2) and glycolitic
(triosephosphate isomerase, fructose biphosphate aldolase)
proteins could be observed. In recovery treatment, pho-
tosynthetic enzymes recovered and showed an expression
level similar to that of control plants, something that did not
happen to glycolitic enzymes at the time assayed.
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proteome of cadmium-exposed poplar
plants
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Objectives

This work focuses on cadmium stress responses in
poplar plants. Poplar trees are well known to be hardy
plants, able to grow on hostile substrate accumulating
significant quantities of cadmium. A better understanding
of the mechanisms underlying heavy metal accumulation
in poplar could be used for phytoremediation purposes.
The innovative aspect of this work is the multidiscipli-
nary approach that integrates characterisation studies of
the induction of morphological symptoms and physi-
ological disorders by cadmium in Populus spp. with a
proteomic analysis of the plant response to this type
of stress. This will allow a better understanding of the
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mechanisms responsible for tolerance of this species to
significant level of heavy metals and to correlate these
mechanisms to differential protein expression.

Methods

Different poplar clones are exposed to cadmium by
growing the plants in hydroponic cultures under control-
led environmental conditions. Actively growing plants of
Populus are divided in two sets. The first acts as a control,
while in the second set the hydroponic solution is en-
riched with 20 uM CdSO,. Treated and control plants are
sampled after 0, 3, 7 and 14 days upon cadmium expo-
sure. Various morphological and physiological parameters
were recorded during the treatment. Growth of shoots,
chlorophyll fluorescence parameters and electrolyte leak-
age are monitored. Proteins are extracted from the sam-
pled leaves. Proteomic changes induced by the cadmium
treatment are assessed by 2D-gel electrophoresis using
fluorescent dyes (CyDyes, GE Healthcare). Differentially
expressed proteins, determined by statistical analysis,
were identified by MALDI-TOF-TOF analysis.

Results and conclusion

After 3 days a significant reduction in growth was
observed, although visual symptoms (necrotic spots) of
cadmium toxicity appeared only after 7 days of cadmium
treatment. Proteomics changes in leaves followed a similar
dynamic, with only 3 proteins showing a differential expres-
sion after 3 days, but 118 at day 14. In particular cadmium
induced a decreased protein abundance for important oxida-
tive stress regulating proteins, whereas pathogenesis-related
proteins (PR-2, PR-3, PR-5) showed a drastic increase in
abundance with the most marked fold-increase,with av-
erage ratios up to 19.9. Furthermore, a large number of
proteins involved in carbon metabolism, particularly pro-
teins from the electron transport chain and from the Calvin
cycle, showed a decrease in abundance. On the other hand,
proteins involved in remobilizing carbon from other energy
sources were upregulated. Glutathione biosynthesis could
be stimulated by the means of an increase in abundance
of proteins from the glutamine and cysteine biosynthesis
pathway. In conclusion, the strong reduction in growth and
the appearance of necrotic spots on youngest leaves could
be explained by a deleterious effect of cadmium on protein
expression from the primary carbon metabolism and from
the oxidative stress response mechanism. The accumulation
of cadmium in stems of poplar, coupled with a low im-
pact of cadmium on physiological parameters, promote the
use of poplar trees for phytoremediation purposes. Further
analyses of gluthathione and phytochelatin content, as well
as the carbohydrate content, including starch could validate
these findings.

62. Proteomic changes in leaves of poplars
submitted to zinc or cadmium constraint

Durand, T.C.?¢; Renaut, J.>; Carpin, S.%; Albéric, P.¢ ;
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Response of plants to heavy metals draws a growing
attention, as metal pollution still increases worldwide. It
is important to determine how plants are able to handle
high amount of metals, especially when the metal ions are
massively taken up inside the organism. Indeed, vegetables
are the principal source of human metal contamination. We
aim to understand what molecular actors support metal in-
take. This knowledge would allow the design of crops that
prevent deleterious metal accumulation along food chain
(like cadmium), or, in the contrary, crops that could solve
problems of essential metal deficiency (like zinc).

The model tree Populus is known to accumulate the
toxic metal cadmium and to thrive on contaminated soil.
With a small genome that is sequenced, the most rapid
growth among trees of temperate area, and the capacity
to be genetically transformed, poplar is a very appropriate
tool for deciphering tolerance mechanisms.

As a perennial species, poplar not only provides infor-
mation on metal uptake and tolerance, but also gives the
opportunity to shape the «ideal phytoremediator” which
will be able to clean up polluted and contaminated soils.

In this study, young poplars (P. tremula x P. alba)
were submitted to cadmium or zinc (Immol per litter of
soil) during 60 days. Poplars exposed to cadmium exhib-
ited phytotoxicity symptoms (chlorosis, growth inhibi-
tion, CO, assimilation inhibition). Metal quantification
showed a significant accumulation of cadmium in aerial
parts of the plant (85, 93 and 84 pg.kg™). Theses values
are close to the Cd 100ug.kg*hyperaccumulation thresh-
old set up by Brooks (1998). Quantification of others
minerals showed modification of K, Mg and Ca content
in Cd-treated plants, especially in leaves.

A proteomic approach was realised on leaf tissue. Pro-
teins were separated and quantified by 2-dimensions gel
electrophoresis using the DIGE technology. A Decyder
analysis assigned about 170 proteic spots which expres-
sion levels were significantly modified by cadmium or
zinc. The MALDI-TOF-TOF identification of these spots
is on progress, it will be realised before the Cordoba con-
ference.

Results will give insights on the molecular process
that occurs in the leaves in the presence of an excess of
Cd?* or Zn?*. Soon, the same analysis will be performed
on cambial tissue, to improve the description of the trees
response and help to specify the crucial genes that could
make Poplar a valuable phytoremediator.

References

Brooks, R.R., 1998b. Geobotany and hyperaccu-
mulators. In: Brooks, R.R. (Ed.), Plants That
Hyperaccumulate Heavy Metals. CAB Inter-



150

national, Wallingford, Oxon, United Kingdom,
pp. 55-94.

X

MISCELLANEOQOUS
ORAL COMMUNICATIONS

63. Regulation of Plasma Membrane-
bound Redox Systems by Iron Deficiency

Hopff, D., Meisrimler, C., Menckhoff, D., Luthje, S.

University of Hamburg, Biocenter Klein Flotthek, Plant
Physiology, FRG; s.luthje@botanik.uni-hamburg.de

Iron availability and toxicity are one of the major pro-
blems in crop cultivation limiting productivity. On the one
hand, production of active oxygen species by free iron
(Fenton reaction) may cause oxidative stress on acid soils.
On the other hand, iron availability in aerobic and neutral
soils is weak and caused iron deficiency. Consequently, the
evolution was dependent upon the development of efficient
antioxidant systems and iron uptake strategies. Nowadays it
appears clear that plasma membrane-bound redox systems
are involved in these processes (L Uthje, 2008).

Analyses of plasma membranes isolated from control
and iron deficient plants by 2-D electrophoresis (BN-PAGE,
CN-PAGE, etc.) suggest that some metallo proteins were
up-regulated, whereas others were down-regulated by iron
deficiency. These proteins appear to be organized in high
molecular mass protein complexes. At least iron chelate
reductase activity and NAD(P)H oxidoreductase activities
were up-regulated by iron deficiency. Besides these enzy-
mes, plasma membrane-bound superoxide dismutase, pe-
roxidases and malate dehydrogenases were investigated.
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64. Biomarker discovery by omics-data
integration — coping with the complexity
by dimensionality reduction
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In recent years “genomics” has been extended to
“functional genomics”. Towards the characterization of
organisms or species on the genome level, changes on
the metabolite and protein level have been shown to be
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essential to assign functions to genes and to describe the
dynamic molecular phenotype (Glinski and Weckwerth,
2006). With combined computational simulation and ex-
perimental measurements we have demonstrated that bio-
chemical regulation is reflected by metabolite correlation
network dynamics measured in a metabolomics approach
(Weckwerth, 2003; Weckwerth et al., 2004a; Morgenthal
etal., 2006). For the integration of metabolite profiles with
quantitative protein profiles we have implemented novel
mass spectrometric techniques. Multivariate statistics are
applied to examine pattern recognition and biomarker
identification. The integration of the data reveals multiple
biomarkers giving evidence for an synergistic increase of
information in such holistic approaches (Weckwerth et al.,
2004b; Morgenthal et al., 2005).
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In-gel digestion of membrane protein complexes
has been standardised using the poly(propylene) dispo-
sable OMX-S. We designed a rapid and simple in-gel
digestion protocol which is carried out in one self-con-
tained reaction tube. In order to quantify the efficiency
of in-gel digestion, we use rapid on-column peptide
acetylation. We show that highest quality mass spectro-
metric analysis of membrane proteins is possible with
regard to spectrum quality, peptide yield and sequence
coverage.We utilise 2-D PAGE separation of protein
complexes from the thylakoid membrane of barley
to show how the protocol facilitates identification of
highly hydrophobic membrane intrinsic proteins. We
present new insight into the assembly of membrane
protein complexes.

66. A Non-targeted high throughput
approach for phenotype-specific protein
marker discovery featuring high accuracy
mass spectrometry and unbiased
statistical analysis

Hoehenwarter, W.t, van Dongen, J.!, Wienkoop, S.%,
Hummel, J.%, Erban, A.%, Sulpice, R.%, Regierer, B.2, Ko-
pka, J.}, Geigenberger, P.1, Weckwerth, W.12

Max Planck Institute of Molecular Plant Physiology, Am
Mihlenberg 1, 14424 Potsdam, Germany. 2GoFORSYS,
University of Potsdam, Institute of Biochemistry and
Biology, Germany

The dynamics of a proteome can only be addressed
with large-scale, high throughput methods. To cope with
the inherent complexity, techniques based on targeted
quantification using proteotypic peptides are arising. This
is an essential systems biology approach; however for
the exploratory discovery of unexpected markers non-
targeted detection of proteins and protein modifications
is indispensable.

We present a rapid non-targeted shotgun proteomics
approach that extracts statistical relevant phenotype-
specific tryptic peptide product ion spectra in an au-
tomated workflow without prior identification. These
product ion spectra are subsequently sequenced with
de novo prediction algorithms and database search. We
analyzed 6 potato tuber cultivars grown at 3 locations of
2 geographically distinct regions in Germany aligning
1.5 million spectra in 107 analyses. A dominant protein
polymorphism not detectable in the available databases
was assigned exclusively to a specific potato cultivar.
The method was crossvalidated by GC-TOF-MS me-
tabolite profiling and revealed similar potato cultivar
classifications. The approach is applicable to organisms
with unsequenced or incomplete genomes and to the
automated extraction of relevant mass spectra which
potentially can not be identified by genome/EST-based
search algorithms.
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67. ProMEX: an exchange platform for
systems biology studies by interconnecting
a proteomics mass spectral reference
library to other databases

WeiB, J.2, Schmidt, R.t, Hummel, J.t, Wienkoop, S.%,
Weckwerth, W.1-2

IMax Planck Institute of Molecular Plant Physiology, Am
Mihlenberg 1, 14424 Potsdam, Germany. 2GoFORSYS, Uni-
versity of Potsdam, Institute of Biochemistry and Biology, c/o
MPI-MP, Am Mhlenberg 1, 14424 Potsdam, Germany

In the course of the feasibility of performing large scale
experiments and thus producing vast amounts of data con-
cerning the protein, RNA, and transcription level, databases
have become an essential tool to manage this information.
One example is ProMEX, which was recently developed
as a proteomics mass spectral reference library (Hummel
et al., 2007). It aims to make generated data broadly avai-
lable and to interconnect the different molecular levels of
a biological system. These initiatives offer an exchange
platform for data interpretation and will become an increa-
singly important part of current and future systems biology.
Initially ProMEX contained experimentally derived tryp-
tic peptide product ion spectra, generated based on liquid
chromatography coupled to ion trap mass spectrometry
(LC-IT-MS). In addition to the four species from which
ProMEX contained protein information at the beginning,
Arabidopsis thaliana, Chlamydomonas reinhardii, Medica-
go truncatula, and Sinorhizobium meliloti, it now comprises
information on Solanum tuberosum as well as Lycopersicon
esculentum. We extended the database so that it now offers
an access to 6715 manually validated spectra corresponding
to 6283 unique peptides from 2131 proteins. The mass
spectral library can be searched through with unknown
spectra or complete LC/MS runs in mzData-format thereby
improving the true positive rate for protein identification,
especially for phosphorylated peptides. Mass spectra and
annotated product ions can be visualized. This helps further
in designing multiple reaction monitoring experiments for
subsequent targeted quantification of proteins in complex
samples (Wienkoop and Weckwerth, 2006). ProMEX in-
cludes posttranslational modifications such as oxidation and
methylation and is interconnected with PhosphAT, a data-
base on Arabidopsis thaliana protein phosphorylation sites
(http://phosphat.mpimp-golm.mpg.de). The cross-linking
of ProMEX to databases such as NCBI, CSB, DB, KEGG,
PPDB, UniProt and Arabidopsis Interaction Viewer streng-
thens its role as a platform providing data of different levels
of biological systems. Further cross-linking of ProMEX is
highly appreciated. The ProMEX mass spectral library is
available at http://promex.mpimp-golm.mpg.de/ .
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68. Quantification of proteins in
complex samples of high dynamic range:
Comparison of targeted isotope-dilution
multiple reaction monitoring using
triple quadrupole versus high accuracy/
resolution mass spectrometry
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Large scale absolute quantification of complex pro-
tein mixtures using high throughput techniques is at
present one of the greatest challenges. High degrees of
complexity but also huge dynamic ranges, exceeding up
to ten orders of magnitude in biological samples, so far
allowing only for the analysis of the highest abundance
proteins. It has been shown that absolute quantification
of a limited amount of targeted low abundance proteins
can be monitored using multiple reaction monitoring
(MRM). Recently, fast ion trap hybrid mass spectrom-
eter combined with high resolution and ion capacity is
available. Here we tested whether these instruments are
competitive to high sensitivity standard triple quadru-
poles (tripleQps). Plant tissue samples of high complex-
ity including 29 isotope labelled standard peptide targets
were used to compare the efficiency of a sensitive MRM
experiment using a tripleQp versus a high capacity and
resolution experiment using a hybrid instrument.

69. Preliminar proteomic analysis
supports the identification of sunflower
extracellular vesicles

Corti Monz6n, G.t, Regente, M.%, Maldonado, A.M.2, Jor-
rin-Novo, J.V.2, Pinedo, M.}, de la Canal, L.*
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Plata, Argentina. 2Dpto. Bioquimica y Biologia Molecu-
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We have recently demonstrated the presence of di-
verse phospholipids in the extracellular fluid (EF) of sun-
flower (Helinathus annuus) seeds. Since phospholipids
are insoluble in aqueous solutions we have hypothesized
on the existence of vesicular structures in the apoplast.
The EF was then subjected to fractionation by centrifu-
gation steps at 10000g, 40000g and 100000g and the
pellets analyzed by transmission electronic microscopy.
These observations revealed the presence of vesicles of
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around 100 nm with apparent membrane organization
in the 40000g pellets. SDS-PAGE allowed the detection
of several proteins in the vesicles fraction. However,
using tryptic fragment fingerprinting only two proteins
could be identified, as most of the bands displayed score
values under the acceptable limits. A lectin belonging to
the jacalin family was unequivocally identified (score
206) in the vesicles, while a small GTP binding protein
from the Rab subfamily was putatively identified (score
63, 48 % coverage). This protein shows 78% of identity
with human Rabl11A, involved in both constitutive and
regulated secretory pathways and localized in recycling
endosomes as well as exosomes. The later are vesicular
structures of endosomal origin secreted to extracellular
fluids in animal systems. It is becoming clear that exo-
somes have conserved functions in evolution. We are now
presenting microscopic evidence suggesting the existence
of exosome-like vesicles in the apoplast of plants, also
supported by the presence of Rab11A-like protein, a typi-
cal protein involved in vesicular traffic in mammals. Al-
though proteomic analyses have proven to be a valuable
tool for assessing identity in sequenced genomes it imply
a harder interpretation in non-sequenced species. Despite
this limitation, this work proves that proteomics could be
extremely useful as a complement of physiological data.

70. Genetic and ecophysiological
parameters modify the proteome
expression of tomato affected by Yellow
Shoulder Disorder

Ruiz-Rubio, C.%, Faurobert, M.?
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Yellow Shoulder Disorder (YSD) is a physiopatho-
logy affecting tomato fruit, appearing as a yellowish area
in the stem-end region (“shoulder™) in ripe fruit while the
rest of the fruit appears red. Its origin remains unclear,
being thought by nutritional, environmental and genetics
factors. Our previous studies showed that covering fruits
with aluminium foil at 1 dpa (day post anthesis) avoided
almost totally the presence of yellow or green shoulder in
red and green fruits respectively. Then we decided to ob-
tain a couple of near-isogenic lines contrasting for YSD,
to minimize the genetic factor: 177R4 (sensitive) and
177R6 (resistant) derived from a cross between S. lyco-
persicum L. cv. Moneymaker and S. pimpinellifolium L,
acc. TO-937 (germplasm bank Experimental Station La
Mayora-CSIC. EELM); and make a differential treatment
of covering and not covering fruits. In this frame proteo-
mics was the best tool to find differences between both
lines, resistant and sensitive; to distinguish the effects
caused by a covering treatment, what is “light effects
in YSD”; and try to identify what happens in shoulder
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and apical end to make a so well-defined dividing line
between both parts of the same fruit.

Plants were grown in a polyethylene greenhouse du-
ring spring-summer in EELM. Collected fruits colour was
measured in areas (Colorimeter, Minolta CR-400), shoulder
and apical end were separated, frozen in liquid nitrogen and
stored at -80°C. By colorimeter data we selected fruits to be
pulled to prepare the sample, according to the data of the
control fruits. Samples from fruit pericarp were analyzed at
two different stages: mature green (28-30 dpa) and red ripe
(46-47 dpa); from shoulder and apical end areas; in geno-
types: 177R4 and 177R6; from covered and not covered
fruits, with 3 replicates. Tris-phenol extraction and 4-7 pH
strips were used. 2D-gels were stained with Commassie
Blue and analyzed with Progenesis Samespot V.2.0.

Several spots present in resistant genotype had quali-
tative differences with sensitive, like monodehydroascor-
bate reductase and actin-depolymerizing factor 2, sugges-
ting ascorbic acid protection mechanism is affected and
problems in ripening pathway. Comparing shoulder area
between covering and no covering treatment in sensitive
genotype fruits, acid invertase and polygalacturonase-2
are not detected in yellow shoulder tissue, which explain
its hardness and abnormally high content in sucrose (me-
tabolomic studies not shown) and agree with the idea that
YS area shows several characteristics of immature fruit.
Next proteomic analysis of parental lines and integration
of the results with metabolomic and transcriptomic data
of the same samples will be the key steps to give a hypo-
thesis of why YS appears.

71. Combined profiling and integrated
analysis of transcript, protein and
metabolite data” in Poplar
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Gronlund, A3, Moritz, T.}, Trygg, J.2, Wingsle, G.X
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tics and Plant Physiology, Swedish University of Agricul-
tural Sciences, Umed, Sweden. 2Umea University, Depar-
tment of Chemistry, Umed, Sweden. *Umeé University,
Department of Plant Physiology, Umea, Sweden

Much of the recent attention in functional genomics
studies has been given to extended sample characterization
using multiple profiling techniques, e.g. for parallel mo-
nitoring of transcript, protein and metabolite abundances.
Extracting valuable information from such a system is a
non-trivial task which requires careful experimental plan-
ning, powerful statistical methods and cautious evaluation
approaches to assure that the biological conclusions are
generally valid. We describe a strategy for informative data
generation and integrated analysis using three profiling
techniques: transcriptomics, proteomics and metabolomics
measured in parallel from a xylem extract of hybrid aspen
(Populus tremula x P. tremuloides). Here we will focus on
the proteomic method to obtain data for this experiment. In
essence; the proteomic data was generated by analysis of a
total digest of the soluble protein extract. Peptide profiles
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were analyzed by ESI-MS and differences in samples were
identified by multivariate analysis and a subsequent peptide
fragmentation. Furthermore, a peptide database is cons-
tructed of peptides identified in tandem mass spectrometry
proteomics experiments performed in Populus; mainly con-
sisting from stem tissues.

72. Integration of metabolomics and
proteomics in molecular plant physiology
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In recent years “genomics” has been extended to
“functional genomics”. Towards the characterization of
organisms or species on the genome level, changes on
the metabolite and protein level have been shown to be
essential to assign functions to genes and to describe
the dynamic molecular phenotype (Glinski and Weck-
werth, 2006). With combined computational simulation
and experimental measurements we have demonstrated
that biochemical regulation is reflected by metabolite
correlation network dynamics measured in a metabo-
lomics approach (Weckwerth, 2003; Weckwerth et al.,
2004a; Morgenthal et al., 2006). For the integration of
metabolite profiles with quantitative protein profiles we
have implemented novel mass spectrometric techniques.
Multivariate statistics are applied to examine pattern
recognition and biomarker identification. The integration
of the data reveals multiple biomarkers giving evidence
for an synergistic increase of information in such holistic
approaches (Weckwerth et al., 2004b; Morgenthal et
al., 2005). Examples in molecular plant physiology are
presented to substantiate the approach.

73. Proteomic analysis of transgenics
pineapple [Ananas comosus (L.) Merr.]
plants.
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Spain bfljonoj@uco.es.

Pineapple is one of the most important tropical fruit
and therefore intensive genetic improvement programs are
being carried out in many countries, including Cuba (1).
Our research team has previously introduced the bar gene,
along with chitinase and ap24 genes, into the pineapple ge-
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nome (2). Gene recombinant technologies supply agricul-
ture product with great vitality. But the public perception
of genetically modified crops can not be ignored (3).

The safety of transgenic crops should be thoroughly
evaluated based on “substantial equivalence” principle.
The relevant strategies including: substantial equivalent
analysis, toxic tests, protein allergenic study, nutritional as-
sessment, etc. With the development of new technologies,
the approaches of genomic, metabolomics, and proteomics
would be applied to detect the unintended effect.

The present study is focused on the evaluation of the
biochemical changes caused by transformation. Trans-
formed and non-transformed plantlets were compared.
Statistical significant changes, were recorded in levels
of malondialdehyde, other aldehydes, chlorophyll (a, b,
total), phenolics (free and cell wall-linked) and proteins.
Two-dimensional gel electrophoresis and western analysis
has been used to address the in vivo proteomic changes in
transgenic pineapple plants exposed to Finale sublethal
doses harvested after 0, 24, 48, 72 hours and 7 days.

Results indicate that pineapple genetic transforma-
tion caused several side effects at the biochemical level
during early stages of plant hardening. These changes
can promote ulterior modifications such as: 1) in the tol-
erance to stress because levels of malondialdehyde and
other aldehyde were different between transformed and
non-transformed plantlets, 2) in the efficiency of photo-
synthesis as levels of chlorophyll pigments varied and
3) in the fruit quality as contents of free phenolics were
modified. Proteins, 100ug, were resolved by 2-DE, with
IEF in the 5-8 pH linear range and 12% polyacrylamide
SDS-PAGE. Proteins were visualized by Sypro staining.
The subsequent image comparison and statistic analysis
performed showed changes in protein profiles. Further-
more, about 18 diferential spots in transgenic plants were
analized by matrix-assisted laser desortion ionization
time of flight (MALDI-TOF). showed differential levels
of expression between methods, being some of them ab-
sent or unique for a given sample preparation protocol.

At present, pineapple transgenic plants are being stu-
died at the Bioplant Center’s Field Experimental Station
in order to know if market/public concerns regarding ge-
netically modified organisms are scientifically justified or
not. These findings offer interesting perspectives to study
the effect of the herbicide Finale on transgenic pineapple
plants and for pineapple defense programs.
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74. Modifications of Arabidopsis thaliana
nuclear proteome in response to
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Plant proteomics is far from reaching the standards of
yeast or mammalian systems. Therefore, any new informa-
tion about plant sub-proteomes has the added value con-
ferred by the scarce knowledge we have and the technical
difficulties involved in data acquisition (Chen and Harmon,
2006). Because plants are sessile organisms, rather than
moving away from changing external conditions like ani-
mals do, they respond by modifying their physicochemical
characteristics. This ability confers them a very plastic
physiological behaviour (Casal et al., 2004). For this rea-
son, plant nuclei are packed with molecules that bind to
nucleic acids or are involved in the transfer of incoming and
outgoing signals, making plant nuclear proteome a complex
system to work with (Bae et al., 2003).

In our laboratory we are interested in the signals that
modify gene expression in response to changes in envi-
ronmental conditions, particularly those dealing with alte-
rations in sugar availability. We have developed a robust
and reproducible protocol to isolate nuclei, extract the
proteome and enrich it in proteins that bind nucleic acids.
It involves chromatographic purification steps, 2DGE and
MS identification of tryptic digests. Using this protocol
on nuclei extract from plants with or without sucrose
addition, we have identified several transcription factors
and other nuclear proteins involved in sugar binding and
signalling that validate our approach. These proteins will
then be analyzed applying other molecular biology and
biochemical tools in an attempt to situate them in the
hierarchical pathway of sugar signalling.
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cas, Facultad de Ciencias Exactas, Universidad Nacional
de la Plata. La Plata. Argentina. * Corresponding author
(Phone +34957218574; FAX +34957218439; E-mail:
bfljonoj@uco.es).

Bromeliaceae family plants usually contain high con-
centration of thiol proteases. Pineapple plants (Ananas
comosus) contain several cysteine proteinases (1). In the
literature, these enzymes are called bromelains. Stem
bromelain, in particular, exhibits therapeutic effects: anti-
inflammatory, digestive, anti-metastasis and anti-tumoral
activities (2, 3). In recent years, it is including in the
drug group modifiers of the biological answer (4). Plant
tissue culture techniques have provided many solutions to
basics questions and practical problems in plant biology.
Therefore, considerable attention has been focused on the
possibility of applying efficient plant tissue culture meth-
ods to physiologically active enzymes isolation. In the
present study, we found proteolytic activity in pineapple
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shoots cultured in vitro. The highest specific protease
activity was recorded in shoots cultured in temporary im-
mersion bioreactors (TIB). Multiplication phase in vitro
did not cause a remarkable protease production in shoots.
Proteome of shoots cultured in different in vitro phase
were compared by 2D- electrophoresis. Molecular mass
of some protein spots were between 21 500- 31 000 Da.
This parameter was similar to those indicated for cysteine
proteases from Bromeliaceae. A protease was detected in
TIB culture media. Retention time in RP-HPLC and mo-
lecular mass of the major protein detected in TIB culture
media showed high similarity to stem bromelain.
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Curso para tutores de Bionformatica aplicada a Protedmica

Lola Gutiérrez, Salvador Martinez de Bartolomé, Pedro J. Navarro

En el pasado mes de junio la EuPA (European Pro-
teomics Association) organizé un curso de bioinfor-
maética en la Universidad de Ginebra, cuyo objetivo
fue instruir a futuros tutores sobre herramientas bioin-
formaticas disponibles en la actualidad y la forma de
ensefiar a utilizar esta informacion a investigadores en
este campo. El curso abarcé temas como las diferentes
bases de datos utilizadas en proteémica, herramientas
para la interpretacion, identificacion y caracterizacion
de espectros MS, repositorios de espectros MS, he-
rramientas para la validacién de identificaciones de
péptidos, herramientas para la cuantificacién mediante
espectros MS y otras herramientas bioinformaticas Gti-
les en protedmica.

El primer dia Marie-Claude Blatter, del Instituto Sui-
zo de Bioinformatica (SI1B) y miembro del grupo respon-
sable de SwissProt, dirigi6 una clase dedicada a conocer
los contenidos en bases de datos de proteédmica. Patricia
M. Palagi, del grupo de proteémica del SIB discutio a lo
largo del dia siguiente sobre la identificacion de espectros
MS. El tercer dia el curso contd con la presencia de Len-
nart Martens, del servicio de protedmica del Instituto Eu-
ropeo de Bioinformatica (EBI), y de Markus Mller, del
Eidgendssische Technische Hochschule Zirich (ETHZ),
que dedicaron el dia a explicar repositorios de espectros
MS, y validacién de espectros MS, respectivamente. El

Gltimo dia estuvo dedicado por la mafiana a la cuantifica-
cién de espectros MS, dirigido por Markus Miller, y por
la tarde a una discusion en forma de mesa redonda para
la visién general de otras herramientas y preguntas en
relacion al curso, que fue dirigida conjuntamente por Ma-
rie-Claude Blatter, Patricia M. Palagi y Markus Mdiller,
con la participacion activa de Garry Corthals, del Centro
de Biotecnologia de Turku (Finlandia).

Tuvimos la oportunidad de asistir a este curso tres
miembros de la SEProt: Salvador Martinez de Bartolo-
mé, del servicio de Protedmica del Centro Nacional de
Biotecnologia y en representacion de la ProteoRed, Lola
Gutierrez Blazquez, del servicio de Protedmica de la Uni-
versidad Complutense de Madrid, y Pedro José Navarro
Alvarez, del laboratorio de Quimica de Proteinas y Pro-
tedmica del Centro de Biologia Molecular Severo Ochoa,
este Ultimo en representacion de la SEProt y con ayuda
de una de las becas concedidas este afio por la sociedad.
En un futuro inmediato, planeamos organizar un curso de
herramientas de bioinformatica aplicadas a Protedmica
para socios de la SEProt en el que seguiremos las direc-
trices expuestas en la reunién de Ginebra. La sede y las
fechas concretas del curso se anunciaran proximamente
en la pagina web de la sociedad, asi como en el préximo
namero de esta revista. Estamos seguros de que el curso
serd muy (til para los miembros de la sociedad.

Becas de la Sociedad Espafiola de Protedomica (tercera convocatoria, 2008)

Junta Directiva de la SEprot

De acuerdo con sus objetivos fundacionales 3c, 3d
43, la SEProt convoca becas para contribuir a la forma-
cion de jovenes investigadores en protedmica durante el
afio 2008. La concesidn de dichas becas se regira por las
siguientes normas:

1. Las actividades susceptibles de financiacidn tendran
como objetivo fundamental la formacion del/de la
solicitante en areas y tecnologias relacionadas con
la protedmica. En particular, se dara prioridad a so-
licitudes que impliquen la realizacion de estancias
formativas en laboratorios debidamente acreditados,
y la participacion en cursos o workshops de espe-
cializacion. La asistencia a congresos y reuniones

cientificas tendré consideracion secundaria. Las ac-
tividades a financiar deberan haber finalizado, prefe-
rentemente, antes del 31 de mayo de 2009.

2. Los/as solicitantes deberan cumplir los siguientes
requisitos:

® Ser miembro de la SEProt con un minimo de 1
afio de antiguiedad al cierre de la convocatoria, y
hallarse al corriente de la cuota.

® Nacionalidad espafiola o vinculacion estable con
un laboratorio de investigacién radicado en Es-
pafa.
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® Fecha de nacimiento posterior al 31 de Diciem-
bre de 1978.

3. Ademas de acreditar lo anterior, la solicitud debera
incluir la siguiente documentacion:

® Carta de presentacion donde se indique clara-
mente la actividad para la que se solicita la beca
y el interés de ésta para la formacion del/de la
solicitante.

® DNI o pasaporte (digitalizado)
® Curriculum vitae

® Breve memoria de la actividad a realizar, inclu-
yendo plan de trabajo y estimacion desglosada
(viajes, manutencién) de gastos.

® Documento de aceptacién por parte del labora-
torio/institucién donde vaya a llevarse a cabo la
actividad prevista

® Carta de un/a supervisor/a cientifico/a, recomen-
dando la realizacion de la actividad para la que
se solicita la beca.

4. LaJunta Directiva de la SEProt designara para cada
convocatoria de becas un comité de seleccion com-
puesto por tres miembros, mas un suplente. En la
presente convocatoria de 2008, el comité estara com-
puesto por Juan Pablo Albar, David Andreu (tesorero

Instrucciones a los autores

Esta revista publicard articulos originales y comunica-
ciones breves de contenido cientifico o técnico, asi como
articulos de revisidn, tutoriales y opiniones, notas o comen-
tarios sobre cualquier aspecto relacionado con la protedmi-
ca. Incluird informacién sobre nuestra Sociedad y sobre los
socios, grupos e instituciones que la componen. El idioma
sera el castellano, aunque se admitiran contribuciones en
otras lenguas, preferentemente el inglés.

Todas las contribuciones seran revisadas por el comité
editorial, y su formato debera ajustarse a las instrucciones
que se adjuntan. Los articulos originales, las comunicacio-
nes breves, las revisiones y los tutoriales seran evaluados
cientificamente por uno o dos revisores elegidos por el co-
mité editorial. Todas las contribuciones reflejan la opinidn
de sus autores y no necesariamente la opinién del Comité
Editorial ni de la Junta Directiva de la SEProt.

Los manuscritos se enviaran por correo electrdnico,
a la direccién jornadas-protedbmica@uco.es. Los articulos

157

SEProt) y Fernando Corrales, con Jesis Vazquez
como suplente.

5. Las solicitudes, totalmente en formato electrénico
(word o pdf), deberan enviarse a la secretaria de la
SEProt, jornadas-proteomica@uco.es , antes del 31
de Mayo de 2008.

6. El comité propondra a la Junta Directiva la concesion
de un ndmero discrecional de becas, de un maximo
de 1000€ (mil euros) cada una, atendiendo a la cali-
dad y el coste econdmico de las diversas solicitudes,
y segln permitan los recursos de la Sociedad.

7. Las resoluciones del comité de seleccion se publi-
caran en la pagina web de la SEProt antes del 30 de
Junio de 2008 y no podran ser recurridas. EI comité
no mantendrd correspondencia sobre las mismas ni
esta obligado a devolver a los solicitantes la docu-
mentacién facilitada con la solicitud.

8. Una vez realizada la actividad, y en el plazo maximo
de un mes, debera remitirse un informe a la Secreta-
ria de la SEProt, bfljono@uco.es.

9. Aunque la presente convocatoria no supone obliga-
cién alguna de reedicién, siempre que sus recursos lo
permitan la SEProt seguird promoviendo iniciativas
similares, en cumplimiento de sus fines y destinadas
a impulsar la formacién de sus miembros

originales, las revisiones y los tutoriales deberan ir acom-
pafiados de una carta de presentacién del trabajo (cover
letter) y tendran una extensién maxima de 15 paginas A4;
las comunicaciones breves también deberan incluir una
carta de presentaciéon y tendran una extension maxima
de 8 paginas A4; el resto de las contribuciones tendra
una extensién maxima de 4 paginas. Para el calculo de
la extension se tendran en cuenta, ademas del texto, las
figuras, las tablas, las ilustraciones y las referencias. No se
considera la publicacién en color, por lo que las ilustracio-
nes, fotografias y graficos apareceran en blanco y negro.
Deberan enviarse, en archivos separados, por una parte el
texto y las tablas (preferentemente en Word) y por otra las
figuras (en formato pdf, a 250-300 dpi de resolucién vy al
tamafio de impresion final). Los autores deberan verificar
que los detalles de las figuras se imprimen a partir de los
ficheros con la calidad requerida y que el texto que inclu-
yan las figuras sea legible al tamafio de reproduccion final.
Las tablas y leyendas de figuras deben ir al final del texto.
El texto debe ajustarse al siguiente formato: letra Times
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New Roman, tamafio 12, doble espacio, paginas y lineas
numeradas, justificacion total.

Los articulos originales deben tener las siguientes
secciones:

1. Portada. Incluira el titulo, la lista de autores (nombre
y apellido(s)) y su filiacién, y los datos completos del
autor con el que se mantendra la correspondencia. La
filiacidn de los autores, en el caso de que exista mas
de una, se indicara mediante un simbolo en formato
superindice detras del nombre de cada autor.

2. Resumen (maximo de 250 palabras) y palabras clave
(maximo de 6, separadas por comas).

3. Introduccién. Deberd evitarse una revision demasiado
extensa del tema y debera justificar adecuadamente el
contenido del trabajo.

4. Materiales y métodos. Esta seccidn deberd ser breve,
limitandose a describir los procedimientos que sean
novedosos y referenciando aquellos ya descritos.
Las descripciones tendran el suficiente detalle para
permitir la repeticion de los experimentos.

5. Resultados.

6. Discusion. Los Resultados y la Discusion podran
agruparse en una Unica seccion.

7. Referencias.
8. Agradecimientos.

Las abreviaturas se incluiran como nota al pié de
pagina la primera vez que aparezcan en el texto. Como
norma general, no deben incluirse abreviaturas ni en el
titulo ni en el resumen.

Las referencias deben citarse en el texto, entre pa-
réntesis, de acuerdo al siguiente formato: (Jorrin, 2007),
(Calvete y Corrales, 2007) o (Vazquez et al., 2007). Las
referencias a trabajos que no hayan sido publicados no
se incluiran en la seccion de Referencias; dichos trabajos
deberan citarse, en el texto y entre paréntesis de acuerdo
al siguiente formato: (resultados no publicados), (manus-
crito enviado), (J. Jorrin, comunicacion personal).

Las publicaciones seran citadas en la seccion de Re-
ferencias en orden alfabético y de acuerdo a los siguientes
ejemplos:
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Vazquez J, Calvete J J, Corrales F, Jorrin J. et al. (si hay
mas de 4 autores) 2007. Titulo. Revista (en exten-
s0) volumen: pagina inicial-final.

Vazquez J, Calvete J J, Corrales F, Jorrin J. et al. (si hay
mas de 4 autores) 2007. Titulo. Revista (en exten-
s0) (en prensa, DOI ).

Vazquez J, Calvete J J, Corrales F, Jorrin J. et al. (si hay
mas de 4 autores) 2007. Titulo del capitulo. En:
titulo del libro (J Vazquez, J J Calvete, J Jorrin,
F Corrales, eds.), pp: 350-364. Editorial, ciudad,
pais.

Véazquez J, Calvete J J, Corrales F, Jorrin J. et al. (si
hay mas de 4 autores) 2007. Titulo del trabajo. |
Congreso de la Sociedad Espafiola de Proteémica,
Valencia 10-14 febrero 2007. Libro de resimenes,
contribucion P 28, PP. 57.

Castillejo MA. 2005. Titulo. Tesis Doctoral, Universidad
de Cordaba.

Las tablas y figuras llevaran numeracién arabica y se
citaran en el texto en el siguiente formato: tabla 3, figura
2. Las tablas deberan llevar un titulo y podran incluir
notas a pie de tabla, que se referiran al contenido de la
tabla usando simbolos en formato superindice. Todas las
figuras deberan llevar una leyenda conteniendo un titulo
lo mas representativo posible del contenido de la figura,
en negrita, y un texto explicativo lo mas conciso posible;
la descripcion detallada o la interpretacion de la figura, en
su caso, deberd hacerse en el texto del manuscrito.

Las comunicaciones breves deben ajustarse al mismo
formato que los articulos originales, y contendran un re-
sumen (méaximo 250 palabras), una lista de palabras clave
(méximo de 6, separadas por comas), una Unica seccion
conteniendo el texto principal, y las referencias y agrade-
cimientos, ademas de las tablas y figuras. El texto principal
deberé introducir adecuadamente el tema, explicar la meto-
dologia utilizada, y comentar y discutir los resultados.

Los articulos de revision y los tutoriales tendran un
formato libre pero deberan incluir un Resumen (maximo
250 palabras) y una lista de palabras clave (maximo de
6, separadas por comas). El resto de las contribuciones
tendré un formato libre. Todas las contribuciones deberan
respetar el formato de los articulos originales en cuanto a
tablas, figuras, abreviaturas y referencias.
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Eramos pocos...

i y pario la EuPA!




POETOMICA

“Donde fallo Sequest”

Donde fallo Sequest solo el ingenio vale
Para entender qué ocurre con el sabroso espectro,
Por mas que la estadistica, a diestro y a siniestro,

En demostrar se emperie que la secuencia sale.

Cuando arremangue brazos y con mi pecho inhale
Estudiaré los datos, metiendome bien dentro,
Por si un indicio canta, como en el arpa el plectro,

Que la armonia quiebre y la sospecha instale...

-jPero mirad qué series, qué fabulosos restos,
Qué fragmentos sin torso, rutilantes, intensos!

jRomperian el techo de los altos scores

Si su secuencia fuera entre los genes puestos!
El match no es sino fruto de azares indigestos,

Es ruido culminado, maravilla entre errores.

Jesus Vazquez





