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Plant Proteomics in Europe. COST Action FA 0603. Abstracts of the II Meeting 

Jesús V. Jorrín Novo. Responsible of the Working Group 2 and Local Organizer of the Meeting.

The II “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 Córdoba (Córdoba, Spain; www.uco.es), 
“Campus de Rabanales, from 6 to 8, February 2008.

As the local organizer, I 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 Córdo-
ba, and more concretely, Prof. Enrique Aguilar Benítez de 
Lugo, “Vicerrector” of Research and New Technologies. 
My University has provided me with all the facilities I 
needed and requested plus fi nancial support. Thanks are 
also due to FUNDECOR (Álvaro, Cristina, María Vic-
toria) for being in charge of the Technical Secretariat; to 
Applied Biosystems and Bio-Rad for fi nancial 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 Scientifi c 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, fi nally, to all the participants, whe-
ther they be reimbursed or not. I hope we shall have a 
successful meeting and, even more important,  have the 
opportunity of hosting you again in the near future here 
in Córdoba, as a logical consequence of your stay here, 
that we intend to make as pleasant as possible.

Next, I 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 scientifi c quality of the work, and I hope 
no one be disappointed in this respect. First, it has been 
a choice of the authors and fi nally (we did get more than 
the 20 planned) they have been selected by the Scientifi c 
Committee. All the contributions have been organized 
in twelve sections according to the topic covered: model 
systems, plant growth and development, abiotic 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 “PROTEÓMICA” (Journal of the Spanish Pro-
teomics Society, ISSN 1888-0096). 

While organizing this meeting I 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, I have taken into ac-
count the excellent organization of the previous Munich 
meeting, and, if possible, hope to improve it, mainly 
based on the scientifi c 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 6th, 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 I have planned four poster sessions 
plus a fi nal poster discussion session. The two lectures by 
Dr. Komatsu and Dr. Lenz will be given on the 7th. 

The scientifi c program is accompanied by a social 
program including two dinners, for those coming on the 
6th and leaving on the 8th, and a guided visit to the famous 
Jewish suburb. I 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 identifi ed. 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 fi eld 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 diffi cult 
to apply to practical crop breeding.
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ProteinPilot: accomodating genetic 
diversity in mass spectrometry-based 
plant proteome research
Lenz, C1., Seymour, S. 1, Shilov, I. 1, Jorrín-Novo, J.V. 2

1. Applied Biosystems, Darmstadt, Germany. 2. Department 
of Biochemistry and Molecular Biology, University of 
Córdoba, Córdoba, Spain

The identifi cation 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 diffi cult to score and require a high amount 
of manual validation. 

Recent advances in database searching algorithms 
now allow for genetic variability during fi rst-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 modifi cations in fi rst-pass 
protein identifi cation experiments (Shilov et al., 2007). 
In this context the expected set of amino acid substitu-

tions effected e.g. by Single Nucleotide Polymorphisms 
(SNPs) can be treated as a large set of possible amino 
acid modifi cations, 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 identifi cations 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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I

MODEL SYSTEMS
ORAL COMMUNICATIONS

1. A tandem affi nity purifi cation-based 
technology platform to study the cell cycle 
interactome in Arabidopsis thaliana
De Jaeger, G.1, Van Leene, J.1, Stals, H.1, Buffel, Y.1, 
Eeckhout, D.1, Neirynck, S.1, Persiau, G.1, Van Isterdael, 
G.1, Van De Slijke, E.1, Pharazyn, A.2, Van Damme, S.2, 
Witters, E.2, Van Onckelen, H.2, and Inzé, D.1

1Functional 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

Defi ning protein complexes is critical to virtually all 
aspects of cell biology, because many cellular processes 
are regulated by stable protein complexes and their iden-
tifi cation often provides insights into their function. We 
developed a high-throughput tandem affi nity purifi cation/
mass spectrometry platform for cell suspension cultures to 
analyze cell cycle-related protein complexes in Arabidopsis 
thaliana1. 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 fl exibility, the 
fast generation of transgenic suspension cultures, tandem 
affi nity purifi cation adapted for plant cells, matrix-assisted 
laser desorption ionization tandem mass spectrometry and 
data analysis. So far, we identifi ed 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.

References
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technology platform to study the cell cycle interac-
tome in Arabidopsis thaliana (2007) Mol. & Cell. 
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2. Proteomics of Lotus japonicus seeds and 
pod walls
Nautrup-Pedersen, G.1, Dam, S.1, Laursen, B.S.1, 
Siegumfeldt, A.L.1, Ørnfelt, J.H.1, Lorentzen, A.M.2, 
Roepstorff, P.1, Stougaard, J.1

1 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 fi lling, and 3) desiccation.

In our study the seed development in L. japonicus 
is analysed from early after fl owering 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 fi ve 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 identifi ed by MALDI-
TOF-TOF. So far about 1100 protein spots are identifi ed 
from the seeds, and about 200 spots from the pod walls.

The work in progress focus on identifi cation 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.

I

MODEL SYSTEMS
POSTERS

3. Analysis of the Arabidopsis thaliana 
SUMO interactome by Yeast Two-hybrid 
technology
Mauro, S.1, Twizere, J.C.2, Muhovski, Y.1, Kettmann, R.2, 
Watillon, B1.

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 modifi er) is a modifi er 
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 SUMO1 in Arabidopsis thaliana 
leaves, a Yeast Two-hybrid strategy was adopted.  In the-
se experiments, SUMO1 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 identifi ed 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.1, Gruíssem, W.1,2, Baginsky, S.1

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 defi ned 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 
affi nity purifi cation 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 profi ling in 
response to 2-deoxyglucose
Chen, Y.1, Weckwerth, W.1,2

1Max 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 fi rst results of externally induced protein 
phosphorylation changes in Arabidopsis. In this study, 
total proteins were extracted from A. thaliana cell cul-

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 profi les 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 identifi ed 
from 2-D gels, the fraction of energy metabolism related 
proteins (35%) are the biggest category in all identifi ed 
phosphopeptides. These fi ndings may provide important 
information to further investigate the function of phos-
phoproteins involved in mediating multiple signalling 
and energy metabolism.

II

PLANT GROWTH AND 
DEVELOPMENT

ORAL COMMUNICATIONS

7. Using proteomics to dissect germination 
and seed vigor in sugar beet 
Catusse, J.1, Strub, J-M2, Van Dorsselaer, A2, Job, C.1, 
Job, D.1

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 
specifi c tissue accumulation of proteins (root, cotyledon, 
perisperm). 

More than 1,100 sugarbeet seed proteins have been 
identifi ed 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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quences have been obtained), the success rate of protein 
identifi cation 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 fi rst 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 fl oral development
Prassinos, C.1, Kizis, D.1, Rigas, S.2,Vlahou, A.3, Hatzo-
poulos, P.1

1 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. 3 
Center of Basic Research II - 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 fl oral primordia 
in separate buds. Bud break for both types of buds occurs in 
spring once chilling requirements have been fulfi lled. Two 
major factors affecting peach fl owering time are variety and 
location. Identifi cation of genes involved in fl owering time 
in peach can improve breeding for more compact fl owering 
season and region specifi c bud break. 

We have collected samples of the ‘Evert’ variety 
from two locations in Greece with different bud break 
periods. Vegetative and fl oral buds were harvested sepa-
rately. Samples were analyzed by two-dimensional (2D) 
polyacrylamide gel electrophoresis. Comparison of vege-
tative and fl oral bud protein profi les revealed high degree 
of colinearity between the two bud types. Protein profi les 
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 
specifi city, 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 fl oral and vegetative tis-
sues differentiate on the same meristem, peach presents a 
model for perennial tree species that vegetative and fl oral 
meristems develop in discrete buds. Proteomics empow-
ered analysis allowed a more direct comparison of the 
processes occurring between fl oral and vegetative buds. 

II

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. 1, Baginsky, S. 1

1 Plant Biotechnology, Institute of Plant Sciences, ETH 
Zürich, Zürich 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 modifi cations (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 identifi ed 
1007 phosphorylated proteins from dark-grown seedlings 
and 737 proteins from light-grown seedlings. The iden-
tifi ed phospho proteins are distributed among different 
organelles, functional categories and metabolic processes. 
A comprehensive analysis of phosphorylation sites con-
fi rmed the activity of different kinases and suggested the 
light-induced activation of a casein-kinase like enzyme. 
The identifi ed phosphorylation sites are the basis for the 
design of targeted, kinome profi ling experiments for the 
identifi cation and characterization of the kinases involved 
in light-driven signaling events. 
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10. Translationally silent large RNP 
complexes in tobacco male gametophyte 
are associated with cytoskeleton and 
contain ribosomal subunits
Reňák, D.1,2,3, Honys, D.1,2, Feciková, J.1, Nebesářová, J.4, 
Dobrev, P.5, Čapková, V.1,2

1 Laboratory of Pollen Biology, Institute of Experimental 
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ment of Plant Physiology, Faculty of Science, Charles 
University, Prague, Czech Republic. 3 Department of 
Plant Physiology and Anatomy, Faculty of Sciences, 
University of South Bohemia, České Budějovice, Czech 
Republic. 4 Laboratory of Electron Microscopy, Insti-
tute of Parasitology, Biology Centre ASCR v.v.i., České 
|Budějovice, Czech Republic. 5 Laboratory of Hormonal 
Regulations in Plants, Institute of Experimental Botany 
ASCR v.v.i., Prague, Czech Republic

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 specifi c gene ntp303 and its 
encoded 69 kDa glycoprotein, major component of pollen 
tube cell wall, are excellent markers for this study. ntp303 
mRNA is intensively synthesized during pollen matura-
tion and stored in the form of EDTA/puromycin-resistant 
ribonucleo-protein particles (EPPs).

Here we report the fi rst structural data on transla-
tionally inactive large ribonucleo-protein complexes in 

tobacco male gametophyte. These EPPs are formed in im-
mature pollen and contain translationally silent mRNAs 
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 
fi ts 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 fi rst 
report of stored mRNP complexes containing pre-formed 
ribosomes in plants.
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Mild water defi cit imposed by defi cit irrigation strat-
egies is being used to grow grapevine plants with water 
saving. Besides, it is believed that by avoiding extreme 
water defi cit conditions productivity is only slightly af-
fected and quality could even be improved. Regulated-
defi cit irrigation (RDI) has been one of those strategies. 
RDI consists on the reduction or removal of irrigation 
during specifi c periods of the grape berry development. 
At present, the precise effects on grape berry quality 
of this practice are still largely unknown. The specifi c 
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 fi eld 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 signifi cantly changed as a 
result of the experimental conditions were excised from 
the gels and identifi ed 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
Petrizzo, R.1, Reisinger, V.2, Eichacker, L.2, Rose Cam-
pbell, J.K3, Bellido, D.4, Oliveira, E.4, Odena, M.A.4 , 
Boronat A.1 

1Department of Biochemistry and Molecular Biology, 
University of Barcelona, Faculty of Biology, Avda.     Dia-
gonal 645, 08028-Barcelona. 2Department für Biologie 
I, Ludwig-Maximilians-Universitat, München, Germany. 
3Emerson Hall Department of Plant Biology, Cornell 
University, Ithaca, NY 14853 USA. 4Plataforma de Pro-
teòmica, Parc Científi c de Barcelona, Campus Diagonal, 
Universitat de Barcelona, C/ Josep Samitier 1-5, 08028 
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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 specifi cally 
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 fl uorescence 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 fi rst 
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, 

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 identifi cation 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 identifi cation 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 identifi ed 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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13. Twenty one years since Chernobyl 
disaster: What seed protein can tell us?
Danchenko, M.2, Berezhna, V.V.2, Rashydov, N.M.2, 
Preťová, A.1, Hajduch, M.1

1 Department of Reproduction and Developmental Biol-
ogy, Institute of Plant Genetics and Biotechnology, Nitra, 
Slovakia. 2 Department of Biophysics and Radiobiology, 
Institute Cell Biology and Genetic Engineering, Kyiv, 
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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 diffi cult 
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 137Cs and 90Sr 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 fl ax (Linum usitatissimum) 
grown in contaminated (~5 km from CNPP) and control 
(~100 km from CNPP) experimental fi elds in order to 
elucidate molecular mechanisms plants used for adapta-
tion.  Here we will present the fi rst step of our effort; 
comprehensive proteomics characterization of mature 
soybean seeds grown in contaminated and control experi-
mental fi elds. 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 
refl ects 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
Carpentier, S.C.1, Swennen, R.1, Laukens, K.2, Witters, 
E.2, Panis, B.1

1 Laboratory of Tropical Crop Improvement, K.U. Leu-
ven, Belgium. 2 Centre for Proteome Analysis and Mass 
Spectrometry, University of Antwerp, Belgium

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 
fi de 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-
fi c diversity. Protein separation via two-dimensional gel 
electrophoresis (2DE) and protein identifi cation 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).

We are interested in intercultivar differences and the 
effects of 3 different specifi c acclimation treatments over 
time. Using the DIGE approach we consider 4 different 
time points. Experiments show that 4 days of acclima-
tion is signifi cantly correlated to the highest post-thaw 
survival.  A fi rst insight into the complex data set was 
obtained via principal component analysis.  It confi rms 
that the proteome at 4 days is clearly different from the 
other sample points. Moreover, PCA identifi es 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 
confi rmatory ANOVA. The exploration of the biodiver-
sity of the banana genome (AA, BB, AAB, ABB, BBB, 
AAA) showed already evidence for B genome specifi c 
proteins.

15. Comparative plant proteome analysis 
of responses to abiotic stress using LC-
based approaches
Matros, A., Amme, S., Kaspar, S., Mock, H.-P. 

Research Group Applied Biochemistry, IPK-Gatersleben, 
Corrensstr. 3, Gatersleben, 06466 Germany 

Environmental infl uences 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 fl avonol 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 profi ling 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 fi rst 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 quantifi cation 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 identifi cation by mass spectrometry. Many of 
the proteins identifi ed 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 
quantitative protein profi ling was performed using a 2-D 
approach in fi rst 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 confi rmed earlier results obtained by using 
conventional 2-D separation technology. A number of 
supplementary proteins displaying quantitative differen-
ces were identifi ed 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 pI-values. 

Our results supply evidence that the used methods for 
protein separation and quantifi cation 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
López-Millán, A-F., Rodríguez-Celma, J., Abadía, A., 
Abadía, J.

Plant Stress Physiology Group, Dept. of Vegetal Nutri-
tion, Estación Experimental de Aula Dei- CSIC, Zarago-
za, Spain

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-

able about this process, including the chemical form(s) in 
which this heavy metal is present in this fl uid. 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, 23ºC-16 h/19ºC-
8 h day/night regime) in half-strength Hoagland nutrient 
solution for two weeks. After this period, plants were 
transferred to nutrient solution containing 0 µM Cd (con-
trol) or 10 µM CdCl2, and grown in these conditions 
for 10 more days. Xylem sap was obtained by collect-
ing the fl uid 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 µM Cd resolved 204 
and 209 spots, respectively. Averaged polypeptide maps 
analysis indicated that the 10 µM 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 
µM 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 signifi cant matches to known 
proteins from different species. These proteins include: 
3 chitinases: a putative basal resistance related chitinase 
from Nicotiana tabacum (CAI54289), a class II 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 fl ax seed tissues in chronic 
ionizing radiation and control fi eld 
conditions
Danchenko, M.1, Berezhna, V.V.2, Rashydov, N.M.2, 
Preťová, A.1, Hajduch, M.1

1 Department of Reproduction and Developmental Biol-
ogy, Institute of Plant Genetics and Biotechnology, Nitra, 
Slovakia. 2 Department of Biophysics and Radiobiology, 
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Institute Cell Biology and Genetic Engineering, Kyiv, 
Ukraine

After nuclear weapon trials and several industrial 
disasters, land pollution with radioactive wastes became a 
signifi cant 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 137Cs and 90Sr. 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 fi ll 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 
infl uence 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 identifi cation. 

The project has received the funding from FP7 of the 
European Union (MIRG-CT-2007-200165). This abstract 
refl ects 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 effi cient 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.

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 
RWC during desiccation and rehydration. The reaction to 
oxidative stress was followed by measuring H2O2, 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-amplifi cation the subset of TDFs will be sequenced. 
cDNA-AFLP expression profi les will be verifi ed 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 specifi c 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, FI-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 μM 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 μM to 4 mM 
menadione was fi rst tested with wheat protoplasts. Mito-
chondria where separated from root tissue and purifi ed 
with Percoll-gradient fractionating centrifugation. After re-
spiratory activity and membrane integrity assays to check 
the intactness of the purifi ed 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 
ExPASy protein databank Tagldent programme lead to the 
identifi cation of two oxidized proteins: COX1_WHEAT, 
the mitochondrial cytochrome c oxidase subunit 1 and 
NU5M_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.1, Lucau, A. 1, Bahrman, N.1, Blervacq, A.S.1, 
Deravel, J. 1, Hussain, E. 1, Decaux, B.2, Sellier, H.2, Leje-
une, I.2, Delbreil, B.1

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 
Cedex, France.

Both theoretical-based models and strong trends in 
climate change already evident presume global warm-
ing consequences supposed to lead to a signifi cant 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 fi rst 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 

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-specifi c, 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, I.1, Dominguez, E.1, Pagès, M.1, Ode-
na, M.A.2, Bellido, D.2, Oliveira, E.2.

1Laboratori de Genètica Molecular Vegetal, Institut de 
Biologia Molecular de Barcelona, Consorci CSIC-IRTA, 
Barcelona, Spain. 2Plataforma de Proteòmica, Parc Cien-
tífi c 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 specifi c 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 identifi cation 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 identifi ed 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
Kaspar, S.1, Matros, A.1, Schreiber2, F., Mock, H.-P.1 

IPK-Gatersleben, Corrensstr. 3, Gatersleben, 06466 Ger-
many. 1Research Group: Applied Biochemistry. 2Research 
Group: Network Analysis

Several stress factors can dramatically affect plant 
growth and crop yield. 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 specifi c 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 profi ling 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 identifi cation. 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 confi rmed earlier 
results obtained by using conventional 2-D separation 
technology. A number of supplementary proteins were 
identifi ed 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 pI-values.

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

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.1,2, Shelton, D. 2, Finnie, C. 2,, De Leonardis, 
A.M.3, Mastrangelo, A.M.3, Svensson, B.2, Lafi andra, 
D.1, Masci S.1. 

1 Department of Agrobiology and Agrochemistry, Uni-
versity of Tuscia, Via S. Camillo De Lellis snc, 01100 
Viterbo, Italy. 2Enzyme and Protein Chemistry, Building 
224  BioCentrum-DTU, Technical University of Den-
mark, Søltofts Plads, DK-2800 Kgs. Lyngby, Denmark. 
3 C.R.A.-Experimental Institute for Cereal Research of 
Foggia, S.S. 16 km 675, 71100 Foggia, Italy.

In Central and Southern Italy, where durum wheat 
is mostly grown and represents one of the most impor-
tant crops, grain fi lling occurs between April and May, 
when sudden increases in temperature may take place. 
High temperature during grain fi lling 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 classifi ed 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 identifi cation 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
Zolla, L.1, Timperio, A.M1., D’Amici, G.M.1, Barta, C.2 
, Loreto, F.2

1 Dipartimento di Scienze Ambientali Università “La 
Tuscia” , 01100 Viterbo, Italia. 2 CNR-Istituto di Biologia 
Agroambientale e Forestale, 00015 Monterotondo Scalo 
(Roma), Italia.

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 signifi cantly the 
amount of antenna proteins of PSI, while PSII antennae 
were less affected, with exception of the isomeric Lhc1.1. 
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 specifi c 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 CO2 response, at light 
and CO2 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 fl uores-
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 infl uences 
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. 

According to the FAO criteria an underutilised crop 
to have a chance to be re-introduced must have a potential 
to contribute signifi cantly 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) fulfi l 
the above criteria. It is currently under fi eld 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 profi les 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 fi bre, a 
desirable complex of carbohydrates with a high level of 
β-glucans and vitamins, carotenoids and tocopherols that 
are essential to human diet. The dietary fi bre content is 
extremely high in A. strigosa, from 29% to 360% higher 
than in the other cereals. The eating dietary fi bre 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 fi lling but low in calories. The consumption 
of dietary fi bre 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 benefi t. 

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 
classifi ed 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 unprofi table and furthermore 
leads to the abandonment of arable land by farmers. The 
introduction of A. strigosa, that has low edafi c 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 insuffi cient, A. strigosa yielded even 
300% higher than A. sativa. The role of A. strigosa in pre-
venting soil from erosion has been confi rmed 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 Al3+, 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 fi nd 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 μM in laboratory tests). 
The only tolerant cereal is rye (up to 300 μM 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 μM 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 μM 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 DHN5 – similarities and 
differences in the pattern of accumulation 
of two cold-regulated dehydrin proteins in 
wheat and barley
Vítámvás, P., Kosová, K., Prášil, I.T., Prášilová, P.

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

WCS120 and DHN5 are both cold-inducible Kn-
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 fi fteen 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 DHN5 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?

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 DHN5 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 confi rmed 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 fi nd 
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 signifi cant 
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 signifi cant 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 fi ve differently frost-tolerant 
wheat cultivars which has corresponded with the results 
described for the expression of Cor14b 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 Šárka, 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 specifi c 
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 
DHN5 expression (17 °C) and they began to differentia-
te at lower temperature (9 °C) according to the level of 
DHN5 accumulation (Luxor exhibited higher level of 
DHN5 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 LT50 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 12oC 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 profi le during 
cold stress. Identifi cation 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 
(+250C, control) and low temperature germination (+100C, 
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 fi rst 
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 

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 identifi ed by enzymatic 
digestion, LC-MS/MS analysis, de novo sequencing and 
sequence similarity search. The identifi ed 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 
quantifi cation of Medicago truncatula 
root nodules: involvement of N and C 
metabolism in drought response
Wienkoop, S.1, Larrainzar, E.2, Arrese-Igor, C.2, Wec-
kwerth, W.1, González E.M.2 

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

Legumes are important in agriculture as they are able 
to establish symbiotic relations with nitrogen-fi xing 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 A17 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 fi eld 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 identifi cation 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 fi ve 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 quantifi cation 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 (13C, 15N). 
As stable isotope-labelled and unlabelled peptides co-
migrate during chromatography, absolute quantifi cation 

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 defi cit, 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 

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 verifi ed 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 identifi cation as 
well as quantifi cation 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: identifi cation 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. 
Email: mclgmb@ibmb.csic.es

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 Ca2+-regulated protein phosphorylation 
processes. Calcium-dependent protein kinases (CPKs) 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 specifi c 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 purifi cation of the AtCPK1 protein complexes 
by using the tandem affi nity purifi cation system (TAP). 
Components of these protein complexes were analyzed 
by high resolution bidimensional electrophoresis and the 
selected proteins were identifi ed by mass spectrometry. 
Among the identifi ed 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.1, Kogovšek, P. 1, Jamnik, P.2, Rant, A.3, Gruden, 
K. 1

1 National Institute of Biology, Večna pot 111, 1000 
Ljubljana, Slovenia. 2 University of Ljubljana, 
Biotechnical Faculty, Jamnikarjeva 101, 1000 
Ljubljana, Slovenia. 3 Omega d.o.o., Dolinškova 8, 
1000 Ljubljana, Slovenia 

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 identifi cation 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/CHAPS buff-
er, cleaning with 2-D clean up kit, isoelectric focusing, 
SDS-PAGE, staining with fl uorescent 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 fi rst 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 defi ned with selected methodology and 
used in further evaluations. Average coeffi cients 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 modifi ed (GM) 
plants was elaborated. Several statistic approaches were 

used to assess variability between varieties and between 
transgenic and non-transgenic variety of potato, linear 
models for identifi cation 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 specifi cally up-regu-
lated in transgenic plants. This results show that, besides 
targeted methods, proteome profi ling 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 signifi cantly 
impairs separation and detection of less abundant proteins 
in the sample. We have introduced affi nity 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 effi cient 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 identifi ed 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*, Barón, M.

Department of Biochemistry, Molecular and Cellular 
Biology, Estación Experimental del Zaidín, 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; Jorrín 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 identifi ed, 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 profi le 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 
defi ciency (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 
II (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 modifi cations. 2-DE was performed 
according to Pineda (2007). Protein identifi cation 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 Mr region and 53 spots in the pH ran-
ge 6-11. From the analysis by MALDI-TOF/TOF mass 
spectrometry, 71 proteins were identifi ed (35.5%); in 
addition, several LHCII proteins were visible in the gels 
and identifi ed 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 PMMoV-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 modifi cation 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 identifi ed [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 purifi ed 
by affi nity 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 identifi ed 
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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rín, J.V. 2

1  Instituto de Agricultura Sostenible, CSIC, Apdo 4084, 
14080 Córdoba, Spain. 2 Agricultural and Plant Bio-
chemistry Research Group, Dpt. of Biochemistry and 
Molecular Biology, University of Córdoba, 14071 Cór-
doba, Spain.

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 diffi cult 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 identifi ed by mass 
spectrometry. 

Most of the proteins identifi ed 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; Jorrín et al., 2006; Rispail 
et al., 2007). Interestingly, 55% of identifi ed 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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Curto, M.1, Gil, C.3, Gutiérrez, M.3, Rubiales, D.2,  Mal-
donado, A.1 , Jorrín, J.V1.

1Agricultural and Plant Biochemistry Research Group, 
Dpt. of Biochemistry and Molecular Biology, Univer-
sity of Córdoba, Campus de Rabanales, Edifi cio Severo 
Ochoa (C6), 14071 Córdoba, Spain, b72curum@uco.es. 
2 Institute for Sustainable Agriculture, CSIC, Apdo 4084, 
14080 Córdoba, Spain. 3 Centro de Genómica y Pro-
teómica, Unidad de Proteómica, Facultad de Farmacia, 
Pza. Ramón y Cajal, s/n, 28040, Madrid, Spain.

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 fi ve 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 identifi ed 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 
identifi ed, 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 
(gi|806808); HSP70 (gi|20835); L-ascorbate peroxidase 
(gi|7484752); c) enzymes of the secondary metabolism: 
i.e. S-adenosylmethionine synthetase (gi|21593291); iso-
fl avone 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

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 fi rst 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 identifi ed 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 
Palomares Rius, J.E.1,Tena, M.2, Jiménez-Díaz, R.M1,3, 
Castillo, P1.
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de Rabanales, 14071 Córdoba, Spain. 3ETSIAM-UCO, 
Edifi cio C4- “Celestino Mutis”, Carretera N-IVa (Km 
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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 specifi c 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. 
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The infl uence 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, 

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 liq-
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. 
Identifi cations 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 identifi ed, 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 infl uenced 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 profi le 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.1, Aloui, A.1,2, Robert, F.1, Valot, B.3, 
Henry, C.4, Morandi D.1, Aschi-Smiti, S.2

1UMR 1088, INRA/CNRS 5184/UB, (Plante-Microbe-
Environnement)INRA-CMSE. BP 86510, 21065 Dijon, 
Cedex, France. 2Unité d’Ecophysiologie Végétale, Dépar-
tement des Sciences Biologiques, Faculté des Sciences de 
Tunis, Campus Universitaire, 1060 Tunis, Tunisie. 3UMR 
de Génétique Végétale, Ferme du Moulon, 91190 Gif sur 
Yvette, France. 4PPASS, INRA, Jouy en Josas, Bâtiment 
526, Domaine de Vilvert, 78352 Jouy en Josas, France

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 quantifi cation and root 
isofl avonoid accumulation, (2) G. intraradices develop-
ment inside roots and (3) root and shoot profi les 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 
isofl avonoids [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 modifi ed in Cd and/or G. 
intraradices-treated roots and shoots were identifi ed 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 
identifi ed in response to Cd stress, and whose volume was 
reduced by the AM symbiosis, belonged to defence and cell 
rescue processes. RNA expression profi ling was performed 
for the gene encoding a thaumatine-like, showing a good 
correspondence between transcript and protein expression 
profi ling. 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 detoxifi cation and/or resistance 
mechanisms towards Cd in M. truncatula plants.

V
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40. Alterations in the root proteome of 
rice plants during the establishment of an 
arbuscular mycorrhizal symbiosis 
Campos-Soriano, L., Irar, S., San Segundo, B..

Consorcio CSIC-IRTA de Genética Molecular Vegetal, Dpto 
de Genética Molecular, Inst. Biología Molecular de Barce-
lona-CSIC, Jordi Girona 18, 08034 Barcelona, Spain.

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 benefi t from an improved mineral nutrient uptake 
from the soil (mainly phosphorus) while, in turn, AM fungi 

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 (Güimil 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 identifi ed 1.250 root proteins. By using a 
comparative proteomic approach, statistically signifi cant 
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 
disulfi de proteomics
Hägglund, P.1, Maeda, K.1, Shahpiri, A.1, Bønsager, B.C.1, 
Finnie, C.1, Henriksen, A.2, Svensson, B.1

 
1Enzyme 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 disulfi de 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) identifi ed in barley 
seeds1. A range of target proteins of HvTrxh1 and 2 have 
been identifi ed using proteomics techniques2. We have 
recently established a quantitative proteome analysis of 
the extent of Trx (or other “reagents”) disulfi de reduc-
tion and apply this to identify the status for individual 
protein disulfi des in cereal seeds and used for extracts on 
germinating embryos. Specifi c Trx target disulfi de bonds 
are identifi ed3, e.g. the C144-C148-disulfi de in barley α-
amylase/subtilisin inhibitor (BASI). We determined the 
fi rst three-dimensional structure of a Trx-target protein 
complex (HvTrxh2-BASI) as a disulfi de bonded cova-
lent reaction intermediate4. 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 disulfi des plays 
an important role in Trx target specifi city. The quantita-
tive disulfi de bond proteome analysis is validated in the 
light of structural motifs. The new information will have 
specifi c impact on cereal food technology. Recently we 
have expanded this area of research by the fi rst characte-
risation of interaction of NADPH dependent thioredoxin 
reductase isozymes (HvNTR1 and HvNTR2) 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 HvNTR2 and HvTrxh1 being the predominant 
isoforms in the barley seed aleurone layer.5 
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42. Proteomics approach for the 
development of celiac-safe wheat
Van der Meer, I.M., Van den Broeck, H.C.,  Smulders, 
M.J.M., America A.H.P., Gilissen, L.J.W.J.

Plant Research International, Wageningen UR, PO Box 
16, 6700 AA Wageningen,The Netherlands

Celiac disease is an infl ammatory response in the sma-
ll 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 specifi c 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-specifi c 
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 
Lafi andra, D.1, Masci, S. 1, Scossa, F.1, Margiotta, B. 2, 
Muccilli, V.3, Cunsolo, V. 3, Saletti R.3, Foti S.3
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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.



PROTEÓMICA • NÚMERO 1 • FEBRERO 2008 139

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 
disulfi de 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 disulfi de 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 classifi ed 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 classifi ed into 
three major groups, (LMW-s, LMW-m and LMW-i types) 
according to their fi rst amino acid residue (Met, Ser, and 
Ile 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. Identifi cation of differentially 
expressed proteins in the fl esh of blood 
and common oranges
Muccilli, V.1, Cunsolo, V.1, Saletti, R.1, Foti, S.1, Refor-
giato Recupero, G.2

1 Dipartimento di Scienze Chimiche, Università di Ca-
tania, V.le A. Doria 6, 95126, Catania, Italy. 2 Centro di 
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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-
infl ammatory 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 fl esh 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 fl esh 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 identifi ed 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.1, Lacan, D.1, Yard, C.1, Sauvage, F.X.2

1 Bionov Ltd , Site Agroparc – BP1202 8411 Avignon 
France. 2 INRA UMR 1083 Sciences Pour l’œnologie, 2 
place Viala, 34060 Montpellier cedex, France. sauvage@
supagro.inra.fr

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 identifi ed.

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 quantifi ca-
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 
fi rst 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 identifi ed after 
nano LC-ESI-MS/MS mass spectrometry by exploring the 
UNIREF100 non redundant database. Some protein spots 
were identifi ed by de novo sequencing, in order to obtain 
amino acid sequences of non identifi ed 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 fi rst results 
confi rmed that the protein contents of melon juices and 
their corresponding Extramel® extracts were similar, but 
that signifi cant differences occurred between the two 
melon hybrid varieties studied. Secondly, on 41 proteins 
submitted to identifi cation, only 35 were truly identifi ed, 
mainly by nano LC MS/MS methodology. Amongst these 
proteins, one superoxide dismutase isoform (Mn depend-
ent SOD) was identifi ed.
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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 profi les. 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-
fi les. Proteome analysis of doubled haploid progeny lines 

derived from a cross between two of the cultivars resulted 
in the genetic localisation of specifi c protein phenotypes 
in relation to markers on a barley chromosome map. 
Identifi cation 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
Rogniaux, H., Devouge, V., Barre, M., Geairon, A., Gué-
guen, J., Larré, 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 infl uence 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 infl uenced 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 fi rst 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 modifi cations. This results 
in a hazardous quantifi cation 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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48. Wheat kernel proteomics: studies 
carried out at INRA for future quality 
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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.

(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 fi ve 
types of protein expression. Four were found among the 
spots that were present at all sampling stages but with 
different expression profi les. A fi fth 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 fi fth 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 identifi ed 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 identifi cation 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 fi lling are one of 
the major factors that can affect the dough properties 
and quality characteristics of wheat. To determine the 
infl uence of high temperatures during grain fi lling on the 
protein composition of bread wheat three experiments 
were conducted. In all experiments plants were grown in 
the fi eld and transferred to cabinets soon after fl owering 
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 
identifi ed. 

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

(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 signifi cantly 
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 identifi ed 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. Identifi cations of 
all different proteins by MS are still in progress. But most 
of the fi rst 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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49. Protein markers in phylogenetic and 
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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 interspecifi c popula-
tions. In contrast, such deviations are rarely observed in 
intraspecifi c populations. In four mapping populations 
of two botanical species, L. multifl orum and L. perenne, 
the proportion of distorted protein loci did not differ in 
intra- and interspecifi c crosses. Surprisingly, the highest 
fraction of distorted protein markers was observed in 
the intraspecifi c cross, derived from two genotypes of 
L. multifl orum, whereas no distorted segregation was 
found in the interspecifi c cross between L. perenne and 
L. multifl orum. Thus, distortions in segregation of protein 
markers in four mapping populations of L. multifl orum 
and L. perenne have provided support for the lack of 
species boundaries between both taxa and stated for their 
classifi cation as subspecies according to the Integrated 
Taxonomic System of the USA. We have also used pro-
tein markers for identifi cation 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 signifi cantly 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 specifi c 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. multifl orum and L. perenne has been an important step 
in fi nding protein markers fl anking QTLs responsible for 
such characters as crown rust resistance, basal leaf width, 
leaf colour, fl ag leaf length, fl ag leaf area, green and dry 
weight of tillers, days to ear emergence, spikelet length, 
number and fl oret number in a spikelet. An important 
outcome from the map constructed in the Department 
of genetics is the identifi cation of some protein loci for 
the fi rst 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-
quence tags (EST) or sequence specifi c tags also encoun-
ters diffi culties with reproducibility and specifi city of 
amplifi ed 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 fi elds 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 effi cient 
and friendly to environment breeding strategies.

50. Barley plasma membrane proteomics: 
identifi cation of protein targets for 
improvement of crop plants
Møller, A.L.B.1, Hynek, R.1, Witzel, K.2, Svensson, B.1, Co-
llinge, D.B.3, Jensen, J.D.3, Schjoerring, J.K.4, Finnie, C.1

1 Technical University of Denmark, BioCentrum-DTU, 
Enzyme and Protein Chemistry, Denmark . 2 Institute for 
Plant Genetics and Crop Plant Research, Gatersleben, 
Germany. 3 University of Copenhagen, Faculty of Life 
Sciences, the Dep. of Plant Biology, Plant Pathology, 
Denmark. 4 University of Copenhagen, Faculty of Life 

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 profi le 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 effi cient 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 identifi ed 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 fi rst 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. Identifi cation of allergenic proteins in 
foods (transgenic vs non-transgenic) by 
means of proteomics
Batista, R. 1,2, Martins, I.2, Jenö, P. 3, Ricardo, C. P. 2,4, 
Oliveira, M. M. 2,5

1 Instituto Nacional de Saúde Dr. Rricardo Jorge, Av. Pa-
dre Cruz, 1649-016 Lisboa, Portugal. 2 Instituto de Tec-
nologia Química e Biológica/ Instituto de Biologia Ex-
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perimental e Tecnológica, Quinta do Marquês, 2784-505 
Oeiras, Portugal. 3 Division of Biochemistry, Biozentrum, 
University of Basel, Klingelstrasse 50/70 CH-4056 Basel, 
Switzerland. 4 Instituto Superior de Agronomia, Tapada 
da Ajuda, 1349-017 Lisboa, Portugal. 5 Universidade de 
Lisboa, Faculdade de Ciências, Dep. Biologia Vegetal, 
Ed. C2, Campo Grande, 1749-016 Lisboa, Portugal

The safety issues regarding foods derived from ge-
netically modifi ed (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 modifi cation 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, specifi cally its IgE-re-
active proteins and have compared the IgE response of 
soya-allergic individuals to this genetically modifi ed 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 CryIA(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 fl our 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), specifi cally IgE-binding ones, and to 
evaluate differences between transgenic and non-transgenic 
samples. We identifi ed 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 modifi cation. 
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 modifi cations.
Egidi, M.G.

Lab. of Proteomics and Genomics, Department of Envi-
ronmental Sciences, University of Tuscia, 01100, Viterbo, 
Italy

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 infl uence 
we analyzed the proteomic profi les 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 profi les 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 
infl uence (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 specifi cally 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.1, Laudencia-Chingcuanco, D.2, Anderson, 
O. D.2, Vensel, W.H. 2, Kasarda, D. D.2, Lafi andra, D.1, 
D’Ovidio, R.1 Masci, S.1

1 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 specifi c 
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 defi ne 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 signifi cantly differentially expressed. Those genes 
for which a reliable annotation was available have been 
classifi ed, 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 
signifi cant 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.

X
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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.1, Schenk, M.F.12, Cordewener, J.H.G..1, 
van ‘t Westende, W.P.C.1, Smulders,  M.J.M.12, Gilissen, 
L.J.W.J.12

1Plant 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 

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-
quences 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 fi ve 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 infl uence 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.1, Pineau, F.1, Deshayes, G.1, Moneret-Vautrin, 
D.A.2, Denery, S.1, Popineau, Y.1, D’Ovidio, R.3, Lafi an-
dra, D. 3, Anderson, O.D.4, Masci, S.3, Larré, C.1

1UR1268, INRA BIA, Rue de la Géraudière, BP 71627, 
44316 Nantes, France . 2Clinical immunology and al-
lergology, University hospital, 54035  Nancy, France. 
3Dipartimento di Agrobiologia e Agrochimica, Università 
degli Studi della Tuscia, Via S. Camillo de Lellis s.n.c, 
01100 Viterbo, Italy. 4USDA-ARS, WRRC, Albany, CA, 
USA

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 signifi cant number of patients 
suffers from wheat allergy. 
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As in other crops, many strategies are explored to 
produce genetically modifi ed wheat lines for research 
purposes aimed at increasing technological and nutri-
tional quality. A specifi c 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-
fi cant 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 
A/G fractions obtained from this particular genetically 
modifi ed 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 identifi cation 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.

XI
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56. Overwintering in Trees: A Proteomics 
Approach
Welling, A1, Rinne, P2, van der Schoot, C2, Kangasjärvi, 
J1

1Dept of Biological and Environmental Sciences, Plant 
Biology, University of Helsinki, Finland; 2 Norwegian 
University of Life Sciences, Dept of Plant and Environ-
mental Sciences, Ås, 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-

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 specifi c 
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 fi rst 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 fi ngerprint search that 
gave good hit also in poplar genomic and EST databases. 
Identity of this protein and its possible participation in ce-
llular 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 
Ariza-Mateos, D.1*, Navarro, R.M.1, Del Campo, A.2, 
Ibáñez, A.2, Jorrín, J.V.3

1Department of Forestry Engineering, ETSIAM, Uni-
versity of Córdoba, 14080 Córdoba, Spain. E-mail: 
oikos2002es@yahoo.es. 2Department of Hydraulics and 
Environment, EPSG, Polytechnic University of Valen-
cia, Valencia, Spain. 3Plant Proteomics-Agricultural and 
Plant Biochemistry Research Group, Dept. of Biochemis-
try and Molecular Biology, University of Córdoba, Cór-
doba, Spain

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. (Díaz and Roldán 1999). In Spain, 
restoration activities during the twentieth century have 
been mainly based on conifers plantations, mainly Pinus 
halepensis (Pemán 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 fi eld and to 
select genotypes with high survival percentages under 
adverse environmental conditions (i.e. water stress).

Proteomic have been shown an effi cient 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 infl uence 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 fl uo-
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 signifi cantly to growth and water 
potential but not about survival percentage and chloro-
phyll fl uorescence. Protein profi le was determined and 
some proteins was specifi c 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 benefi t 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-
fi cation 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 fi rst 
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 identifi ed in the genus Quercus. 
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59. Differential protein profi les associated 
to needle maturation in Pinus radiata D. 
Don.
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Cañal, M.J.1, Jorrín, J.2
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doba, Córdoba, Spain. 3Applied Biosystems Deutschland, 
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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 α =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
Valero Galván, J.1, 2, Echevarría-Zomeño, S.1, 2, Ariza Ma-
teos, D.1, Lenz Ch.3, Navarro Cerrillo, R.M.1, Jorrín, J.2,

1Department of Forestry Engineering, ETSIAM, Uni-
versity of Córdoba, Córdoba, Spain. 2Plant Proteomics-
Agricultural and Plant Biochemistry Research Group, 
Dept. of Biochemistry and Molecular Biology, University 
of Córdoba, Córdoba, Spain. 3Applied Biosystems Deuts-
chland, Darmstadt, Germany

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 fi rst 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-

lations and individuals (Jorge et al., 2005) and the existence 
of changes in the protein profi le 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. Identifi cation was performed using MASCOT or Pro-
teinPilot (Applied-Biosystems). Q. ilex populations showed 
characteristic and differential SDS-PAGE and 2-DE profi les 
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 1 y 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.

61. Quantitative changes in the leaf 
proteome of cadmium-exposed poplar 
plants
Kieffer, P.1,2, Dommes, J.2,  Hausman, J.F. 1, Renaut, J.1

1Centre de Recherche Public - Gabriel Lippmann, 
Département Environnement et Agrobiotechnologies, 41, 
rue du Brill, L-4422 Belvaux, Luxembourg. 2Université de 
Liège,  Biologie moléculaire et biotechnologie végétales, 
Institut de Botanique, B22, Sart Tilman B- 4000 Liège, 
Belgium

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 
signifi cant 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 
signifi cant 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 fi rst acts as a control, 
while in the second set the hydroponic solution is en-
riched with 20 µM CdSO4. 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 fl uorescence 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 
fl uorescent dyes (CyDyes, GE Healthcare). Differentially 
expressed proteins, determined by statistical analysis, 
were identifi ed by MALDI-TOF-TOF analysis.

Results and conclusion
After 3 days a signifi cant 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 fi ndings.

62. Proteomic changes in leaves of poplars 
submitted to zinc or cadmium constraint
Durand, T.C.abc; Renaut, J.b;  Carpin, S.a; Albéric, P.d ; 
Bailliff, P.d; Label, P.c; Morabito, D.a; Hausman, J.F.b
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tures, UFR – Faculté des Sciences, Université d’Orléans, 
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National de la Recherche Agronomique, 2163 avenue 
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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 defi ciency (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 (1mmol per litter of 
soil) during 60 days. Poplars exposed to cadmium exhib-
ited phytotoxicity symptoms (chlorosis, growth inhibi-
tion, CO2 assimilation inhibition). Metal quantifi cation 
showed a signifi cant accumulation of cadmium in aerial 
parts of the plant (85, 93 and 84 µg.kg-1). Theses values 
are close to the Cd 100µg.kg-1 hyperaccumulation thresh-
old set up by Brooks (1998). Quantifi cation of others 
minerals showed modifi cation 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 quantifi ed by 2-dimensions gel 
electrophoresis using the DIGE technology. A Decyder 
analysis assigned about 170 proteic spots which expres-
sion levels were signifi cantly modifi ed by cadmium or 
zinc. The MALDI-TOF-TOF identifi cation 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 
Cd2+ or Zn2+. 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.
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63. Regulation of Plasma Membrane-
bound Redox Systems by Iron Defi ciency 
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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 defi ciency. Consequently, the 
evolution was dependent upon the development of effi cient 
antioxidant systems and iron uptake strategies. Nowadays it 
appears clear that plasma membrane-bound redox systems 
are involved in these processes (Lüthje, 2008).

Analyses of plasma membranes isolated from control 
and iron defi cient 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 
defi ciency. 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 defi ciency. 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 
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GoFORSYS, Institute of Biochemistry and Biology, Uni-
versity of Potsdam, c/o Max Planck Institute of Molecular 
Plant Physiology, Am Mühlenberg 1, D-14476 Potsdam; 
E-mail: weckwerth@mpimp-golm.mpg.de

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 Weckwerth, 
2006). With combined computational simulation and ex-
perimental measurements we have demonstrated that bio-
chemical regulation is refl ected by metabolite correlation 
network dynamics measured in a metabolomics approach 
(Weckwerth, 2003; Weckwerth et al., 2004a; Morgenthal 
et al., 2006). For the integration of metabolite profi les with 
quantitative protein profi les we have implemented novel 
mass spectrometric techniques. Multivariate statistics are 
applied to examine pattern recognition and biomarker 
identifi cation. 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 effi ciency 
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 identifi cation 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-specifi c protein 
marker discovery featuring high accuracy 
mass spectrometry and unbiased 
statistical analysis
Hoehenwarter, W.1, van Dongen, J.1, Wienkoop, S.1, 
Hummel, J.1, Erban, A.1, Sulpice, R.1, Regierer, B.2, Ko-
pka, J.1, Geigenberger, P.1, Weckwerth, W.1,2
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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 
quantifi cation 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 modifi cations 
is indispensable.

We present a rapid non-targeted shotgun proteomics 
approach that extracts statistical relevant phenotype-
specifi c tryptic peptide product ion spectra in an au-
tomated workfl ow without prior identifi cation. 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 specifi c potato cultivar. 
The method was crossvalidated by GC-TOF-MS me-
tabolite profi ling and revealed similar potato cultivar 
classifi cations. 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 identifi ed by genome/EST-based 
search algorithms.

67. ProMEX: an exchange platform for 
systems biology studies by interconnecting 
a proteomics mass spectral reference 
library to other databases
Weiß, J.2, Schmidt, R.1, Hummel, J.1, Wienkoop, S.1, 
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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 identifi cation, 
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 quantifi cation of proteins in complex 
samples (Wienkoop and Weckwerth, 2006). ProMEX in-
cludes posttranslational modifi cations 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. Quantifi cation 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 quantifi cation 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 quantifi cation 
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 effi ciency 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 identifi cation of sunfl ower 
extracellular vesicles 
Corti Monzón, G.1, Regente, M.1, Maldonado, A.M.2, Jor-
rín-Novo, J.V.2, Pinedo, M.1, de la Canal, L. 1 
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We have recently demonstrated the presence of di-
verse phospholipids in the extracellular fl uid (EF) of sun-
fl ower (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 

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 fi ngerprinting only two proteins 
could be identifi ed, as most of the bands displayed score 
values under the acceptable limits. A lectin belonging to 
the jacalin family was unequivocally identifi ed (score 
206) in the vesicles, while a small GTP binding protein 
from the Rab subfamily was putatively identifi ed (score 
63, 48 % coverage). This protein shows 78% of identity 
with human Rab11A, 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 
fl uids 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 traffi c 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.1, Faurobert, M.2
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ra-CSIC, Algarrobo-Costa, Spain. 2Fruit and Vegeta-
ble Breeding and Genetics Department, INRA-Avignon, 
France

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 fi nd 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-defi ned 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 -80ºC. 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 profi ling and integrated 
analysis of transcript, protein and 
metabolite data” in Poplar
Nilsson, R.1, Srivastava, V.1, Bylesjö, M.2, Bygdell, J.1, 
Grönlund, A.3, Moritz, T.1, Trygg, J.2, Wingsle, G.1

1Umeå Plant Science Centre, Department of Forest Gene-
tics and Plant Physiology, Swedish University of Agricul-
tural Sciences, Umeå, Sweden. 2 Umeå University, Depar-
tment of Chemistry, Umeå, Sweden. 3 Umeå University, 
Department of Plant Physiology, Umeå, Sweden

Much of the recent attention in functional genomics 
studies has been given to extended sample characterization 
using multiple profi ling 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 profi ling 
techniques: transcriptomics, proteomics and metabolomics 
measured in parallel from a xylem extract of hybrid aspen 
(Populus tremula × 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 profi les 

were analyzed by ESI-MS and differences in samples were 
identifi ed by multivariate analysis and a subsequent peptide 
fragmentation. Furthermore, a peptide database is cons-
tructed of peptides identifi ed 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
Weckwerth, W., Wienkoop, S.

GoFORSYS, Institute of Biochemistry and Biology, Uni-
versity of Potsdam, c/o Max Planck Institute of Molecular 
Plant Physiology, Am Mühlenberg 1, D-14476 Potsdam; 
E-mail: weckwerth@mpimp-golm.mpg.de

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 refl ected 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 profi les with quantitative protein profi les we 
have implemented novel mass spectrometric techniques. 
Multivariate statistics are applied to examine pattern 
recognition and biomarker identifi cation. 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.
Yabor, L.1, Castillejo, M.A.2, Echevarría-Zomeño, S.2, 
Maldonado, A.M.2, Valle, B.1, Lorenzo, J.C.1, Hernández, 
M.1, Jorrín Novo, J.V.2

1 Bioplantas Centre. University of Ciego de Avila, Ciego 
de Ávila, CP 69450, Cuba. TEL: 053-332 224016, Fax: 
053-33 266340. 2 Agricultural and Plant Biochemistry 
and proteomics Research Group, Dpt. of Biochemistry 
and Molecular Biology, University of Córdoba. Córdoba, 
Spain  bf1jonoj@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 modifi ed 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 signifi cant 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 modifi cations 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 effi ciency of photo-
synthesis as levels of chlorophyll pigments varied and 
3) in the fruit quality as contents of free phenolics were 
modifi ed. Proteins, 100µg, 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 profi les. Further-
more, about 18 diferential spots in transgenic plants were 
analized by matrix-assisted laser desortion ionization 
time of fl ight (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 modifi ed organisms are scientifi cally justifi ed 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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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 
diffi culties 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 purifi cation steps, 2DGE and 
MS identifi cation of tryptic digests. Using this protocol 
on nuclei extract from plants with or without sucrose 
addition, we have identifi ed 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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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-
infl ammatory, digestive, anti-metastasis and anti-tumoral 
activities (2, 3). In recent years, it is including in the 
drug group modifi ers 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 effi cient plant tissue culture meth-
ods to physiologically active enzymes isolation. In the 
present study, we found proteolytic activity in pineapple 

shoots cultured in vitro. The highest specifi c 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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