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In order to characterize the mechanisms of resistance 
of M. truncatula to powdery mildew (E. pisi), we had car-
ried out a proteomic approach, in which the classical plat-
form 2-DE/MS (MALDI-TOF/TOF) has been utilized. 
We have compared the leaf proteome of either control 
(non-inoculated) and inoculated plants from susceptible 
(Parabinga) and resistant (SA 1306) genotypes. Proteins 
were extracted by using the TCA-acetone precipitation 
protocol and resolved by 2-DE, with IEF in the 5-8 pH 
range. Gels were Coomassie stained, images captured by 
using a densitometer (GS-800, Bio-Rad) and analyzed 
with the PD-Quest software. Around 380 resolved spots 
were detected in the 7–98-kDa range. Forty 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). 
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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.
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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.  
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Ecosystems are submitted to various abiotic stresses, 
among which heavy metals represent major industrial pol-
lutants. Cadmium (Cd), that has damaging effects on plant 
metabolism, occurs in agricultural environments through 
industrial pollution and human activities, including phos-
phate fertiliser and sewage sludge applications. Metal avail-
ability to plants can be modulated by soil microorganisms, 
such as arbuscular mycorrhizal (AM) fungi. In the present 
work, Cd effects on the model legume Medicago truncatula 
inoculated or not with the AM fungus Glomus intraradices 
have been studied at 3 levels: (1) plant biomass production 




