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Plant structure and development



PLENARY LECTURES

1.1.
Development of shape in plants
Enrico Coen
The John Innes Centre, Colney Lane, Norwich, NR4 7UH, UK,
enrico.coen@bbsrc.ac.uk

Much progress has been made recently in our understanding of
how genes control patterns of cell types or regional identities with
in an organism during its development.  However, the link
between this process of patterning and growth or morphogenesis
is much less well understood. Bridging this gap requires a quan-
titative understanding of how genes modify growth of multicellu-
lar tissues in 3D space at multiple scales. We have been address-
ing this problem using a combination of genetic, morphological,
computational and imaging approaches in collaboration with
Andrew Bangham (Universtiy of East Anglia) and Przemyslaw
Prusinkiewicz (Calgary). The results provide new insights into
how genes interact with patterns of growth at various scales to
modify shape. The talk will illustrate how integrating biological
and computational methods may lead to a quantitative mecha-
nistic framework for development. 

1.2.
Quantitative approaches to plant 
development
Emmanuelle M. Bayer, Richard S. Smith, 
Therese Mandel, Naomi Nakayama, 
Przemyslaw Prusinkiewicz, Cris Kuhlemeier
Institute of Plant Sciences, University of Bern, Altenbergrain 21,
CH-3013 Bern, Switzerland, cris.kuhlemeier@ips.unibe.ch 

In the plant shoot apical meristem, gradients of auxin are set up
not by diffusion from a localized source or by a reaction-diffusion
mechanism, but through a feedback loop between auxin and its
transporter, the PIN1 protein. Two distinct molecular mecha-
nisms for the subcellular polarization of PIN1 have been pro-
posed. For leaf positioning (phyllotaxis), an "up-the-gradient"
PIN1 polarization mechanism is proposed to direct auxin towards
cells with higher auxin concentration, yielding localized auxin
maxima that determine the positions of initiating leaves. In con-
trast, the canalization hypothesis proposes a "with-the-flux" PIN1
polarization that reinforces the direction of auxin flow, leading to
the formation of vascular strands. During the initiation of the
midvein, these two patterning mechanisms intersect, and thus the
question arises as to how two different PIN1 polarization mecha-
nisms may work together. Our detailed analysis of PIN1 polariza-
tion during midvein initiation in combination with computer sim-
ulations suggests that both mechanisms for PIN1 polarization are
operating simultaneously, and that some cells in both the epider-
mis and in internal meristem tissue appear to switch from one
polarization strategy to another. 

1.3.
The role of chemical dynamics in 
morphogenesis
David Holloway 
Mathematics, British Columbia Institute of Technology,
3700 Willingdon Ave., V5G 3H2 Burnaby Canada,
david_holloway@bcit.ca

How plants and other organisms with cell walls achieve their
shapes is a very complex problem, which will ultimately require
a synthesis across many disciplines, including molecular and cell
biology, biophysics and physical chemistry. My work focuses on
the interplay between the pattern formation of growth catalysts on
plant surfaces and the localized expansion of these surfaces to
generate shape. While an enormous amount of information has
been gained in recent years on the molecules involved in pat-
terned growth, the broader issues of how these molecules are
localized, what maintains localization upon growth, and how
growth symmetries are broken remain far less explored. While
some simpler types of morphogenesis, such as extending tip
growth, may arise from a particular asymmetry in growth which
is perpetuated, many morphogenetic sequences involve repeated
symmetry-breaking, for example repeated branching from a tip or
shoot apex. Selection of different patterns over the course of
development requires that not only must the chemistry direct
growth, but that the chemistry must respond to growth (and
geometry) such that appropriate pattern is generated or main-
tained. By computing pattern-forming (Turing-type) reaction-dif-
fusion mechanisms on three-dimensional surfaces, I am deter-
mining the constraints on reaction kinetics and transport prop-
erties necessary for sequences of plant morphogenesis. To focus
on the growth-patterning feedback, it is helpful to apply modelling
to simpler systems, such as unicellular green algae. Many genera
create body architectures as complex as higher plants, but in a
single cell with a continuous surface. In these cases, pattern for-
mation is not cell-specific gene expression, but rather spatial con-
centration patterns in the same plasma membrane. The particu-
lar mechanisms of surface expansion are likely to differ from
higher plants, but the overall constraints on growth rates and pat-
terning boundaries to generate coherent form are likely to be
shared. I will describe my work in modelling the morphogenetic
sequences of different species in the genus Micrasterias, which
display many variations on repeated dichotomous branching;
species shapes are distinguished by variation in particular growth
and rate parameters. By further variation of these parameters,
additional morphologies, such as whorled structures, can be pro-
duced. I will describe experimental work on conifer cotyledon
number selection to extend the application of the model to high-
er plant morphogenesis. 
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1.4.
Does a developing lateral root in Arabidopsis
thaliana obey the growth tensor rules?
Joanna Szymanowska-Pułka1, Lewis Feldman2, 
Jerzy Nakielski1
1Department of Biophysics and Plant Morphogenesis, 
University of Silesia, Jagiellońska 28, 40-032 Katowice, 
Poland, jsp@us.edu.pl 

2Department of Plant and Microbial Biology, University 
of California, 111 Koshland Hall, 94720-3102 Berkeley, 
California, USA, feldman@nature.berkeley.edu, 
nakiel@us.edu.pl 

Lateral root development is a complex and interesting process
resulting in the formation of a new meristem. Moreover, because
the lateral root initiates in the pericycle of the mother root,
between the time of its initiation and maturity it is continuously
changing in size and shape. Like all other plant organs the later-
al root grows simplastically, which means that walls of neigh-
bouring cells do not slide past each another but rather maintain
their mutual cell wall contacts for their lifetimes (Erickson,
1986). Such growth may be described in terms of the growth ten-
sor (GT) and its principal directions, that indicate planes of divi-
sions of cells (Hejnowicz and Romberger, 1984). It was shown
that an unsteady (time-dependent) variant of the GT needs to be
applied to the case of lateral root formation (Szymanowska-
Pułka, 2007).

The objective of this current study was to construct a simula-
tion model for growth including cell divisions for a case of the lat-
eral root formation in Arabidopsis thaliana. Empirical data were
obtained on the basis of observations of anatomy and morpholo-
gy of the organ in different stages of its development. The
unsteady growth tensor was defined and the algorithm for cellu-
lar divisions applied in which cells divided with respect to prin-
cipal directions of the GT. The input data to the model was a
meshwork of polygons representing the cellular pattern of the ini-
tiating lateral root. In the simulations the meshwork was
deformed in a manner showing the lateral root developing in time
in 2D. The computer-made sequence appeared realistic when
compared with the empirical data obtained from anatomical and
molecular studies (Malamy and Benfey, 1997). Thus the growing
lateral root in Arabidopsis seems to obey the GT rules. 

REFERENCES:
ERICKSON RO. 1986. Symplastic growth and symplastic transport. Plant

Physiology 82: 1153.
HEJNOWICZ Z, ROMBERGER J. 1984. Growth tensor of plant organs.

Journal of Theoretical Biology 110(1): 93–114.
MALAMY JE, BENFEY PB. 1997. Organization and cell differentiation in

lateral roots of Arabidopsis thaliana. Development 124: 33–44. 
SZYMANOWSKA-PUŁKA J. 2007. Application of a changing field of growth

rates to a description of root apex formation. Journal of
Theoretical Biology 247: 650–656.
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1.5.
Response of some Polish wheat genotype 
to anther culture system
Jolanta Biesaga-Kościelniak1, Marta Pilipowicz1, 
Janusz Kościelniak2

1Institute of Plant Physiology, Polish Academy of Sciences, 
Niezapominajek 21, 30-239 Kraków, Poland, 
j.koscielniak@ifr-pan.krakow.pl, m.pilipowicz@ifr-pan.krakow.pl 

2Department of Plant Physiology, Faculty of Agriculture 
and Economics, Agricultural University of Cracow, Podłużna 3, 
30-239 Kraków, Poland, j.kosc@onet_poczta.pl

Double haploid techniques provide plant breeders with pure lines
in a single generation, which may save considerable time in the
breeding of new cultivars. There are two major techniques for
haploid production in cereals – anther/microspore culture and
chromosome elimination using wide hybridizations. 

The former technique is usually considered as simpler, more
efficient, and more cost-effective than the latter.Wheat in particular
is known as a recalcitrant species with regard to in vitro androge-
nesis techniques such as anther and microspore culture. Use of
anther culture in wheat breeding programs is limited by strong
genotype specificity, low frequency of haploids, and a high rate of
albinism in regenerants. Despite these problems, the anther cul-
ture technique has been successfully applied in some wheat breed-
ing programs, resulting in new cultivars. It is known that anther
culture response is highly genotype-specific and typically, it would
produce many individuals from only a few selected crosses.

The goal of this study was to investigate the response of 20
Polish wheat cultivars in anther culture system for haploid plant-
let regeneration. Significant differences were found between geno-
types. The results indicated that both the androgenic response
and regeneration ability were greatly genotype depend. It could to
be concluded that genotypic response to anther cultivars is vital. 

This work was supported by COST ACTION–FA0604.

1.6.
Regulatory function of sucrose in gene 
expression of lipase and NAD+- and NADP+-
dependent isocitric dehydrogenase in organs 
of germinating yellow lupine seeds (Lupinus
luteus L.) grown in vitro
Sławomir Borek1, Katarzyna Nuc2

1Adam Mickiewicz University, Faculty of Biology, 
Department of Plant Physiology, Umultowska 89, 61-614 Poznań,
Poland, borek@amu.edu.pl

2Poznan University of Life Sciences, Faculty of Agronomy, 
Department of Biochemistry and Biotechnology, Wołyńska 35, 
60-637 Poznań, Poland, ktnuc@up.poznan.pl

Some mono- and disaccharides control the expression of many
genes whose products are involved in processes of glycolysis, respi-
ration, photosynthesis, degradation and synthesis of sucrose and
starch, nitrogen metabolism, and mechanisms controlling the cell
cycle and defense reactions. There are fewer reports on the control
of lipid metabolism especially in leguminous plants. It was shown
that in organs of germinating yellow lupine seeds sugar deficiency
stimulates lipid degradation. It was reflected in lowering number of
lipid bodies and in higher activity of lipase and catalase. However
activity of NAD+- and NADP+-dependent isocitric dehydrogenase
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(IDH) which catalyses subsequent steps of storage lipids catabolism
in lupine seeds was inhibited in these conditions (Borek et al.,
2006). In that paper it was postulated (based on experiments with
transcription and translation inhibitors) that changes in enzymes
activities were caused by gene expression modifications.

In this work the level of mRNA of lipase, NAD+- and NADP+-
dependent IDH was determined. The expression level of these
genes was investigated in isolated embryo axes and excised
cotyledons as well as in seedling axes and cotyledons grown in
vitro for 96 hours in darkness on Heller's medium with 60 mM
sucrose or without the sugar. Content of mRNA was determined
by real-time PCR.

The highest stimulation of lipase gene expression caused by
sugar deficiency was observed in isolated embryo axes and was
over 26 times higher than in organs fed with sucrose. In contrast
NADP+-dependent IDH gene expression in isolated embryo axes
was lower in sugar deficiency conditions and was over 28 times
lower than in organs fed with sucrose. Changes in NAD+-depend-
ent IDH mRNA level were not as significant as lipase and NADP+-
dependent IDH and were not unambiguous. In seedling organs
and excised cotyledons changes in gene expression were observed
as well but in a lesser extent.

REFERENCES:
BOREK S, RATAJCZAK W, RATAJCZAK L. 2006. Ultrastructural and enzy-

matic research on the role of sucrose in mobilization of storage
lipids in germinating yellow lupine seeds. Plant Science, 170:
441–452.

This work was supported by grant no. 2 P06A 004 29 from science
fundings in years 2005–2008.

1.7.
The influence of hydration conditions upon
seed germination after long-term storage
Olga Chumychkina, Olga Ruzhitskaya
Department of Biology, Odessa National University of 
I.I. Mechnikov, Shampansky lane, 2, 65058, Odessa, Ukraine, 
olya1987-04@mail.ru, flores@ukr.net

The long-term storage of seeds is a necessary to preserve and pro-
tect plant biodiversity. During storage, even under optimal condi-
tions seeds lose their ability to germinate. Lack of seed germina-
tion does not always mean seed embryo death. In these cases the
potential of seed germination can be increased or even renewed.

The purpose of our work was to determine different indica-
tors of winter wheat seeds' viability and to investigate the ability
of these seeds to increase their germination potential by making
the water uptake slower with osmotic active compound during
seed imbibitions. 

In our investigation, we used two different cultivars of winter
wheat seeds (Triticum aestivum), Albatross from the 2003 and
2006 harvests and Strumok from the 1998 and 2006 harvests.
Seed viability was estimated by the tetrazolium method, vigor
test, and the standard germination test. Also lipid peroxidation
was analyzed in whole seeds and in seed embryos. For decreas-
ing the water uptake by seeds osmotic active compound polyeth-
ylene glycol 8000 (PEG 8000) was used. In the control variant,
the seeds were germinated in Petri dishes with distillated water
for 7 days. 

According to our results, the germination test showed 4% for
Albatross seeds from the 2003 harvest and 40% for Strumok
seeds from the 1998 harvest. At the same time, the viability of
these seeds was tested according to tetrazolium method was
much higher. According to our data, the influence of PEG 8000
increased germination potential of both cultivars' old seeds in all

variants of the experiment. The biggest increase of germination
potential, 20% compared to control variant, was gained from old
seeds of the Albatross cultivar after germinating them in 5% PEG
8000 for 7 days. The same increase of germination potential was
obtained for the old seeds of the Strumok cultivar, after germi-
nating them in 20% PEG for 7 days. 

Thus according to the experimental data, slowing the water
uptake during seed imbibitions, increases the germination poten-
tial of old winter wheat seeds for both cultivars.

1.8.
Studies on pollen viability among interspecific
rhododendron hybrids
Malgorzata Czernicka, Maria Klein
Department of Genetics, Plant Breeding and Seed Science,
Agricultural University of Cracow, al. 29 Listopada 54, 
31-325 Kraków, Poland, czernickam@ogr.ar.krakow.pl,
mklein@ogr.ar.krakow.pl

The aim of our study was to evaluate viability and structure of
pollen grains in 14 populations of interspecific rhododendron F1
hybrids derived from crosses between: Rhododendron aureum,
R. brachycarpum, R. purdomii, and cultivars which belong to 
R. catawbiense and R. yakushimanum Hybridum groups. Pollen
viability was analyzed according to Alexander method (Dafni,
1992) and morphology of pollen grains was studied on the basis
of their three-dimensional images, obtained by application of
scanning electron microscopy (SEM). Results indicated that
pollen viability was reduced and ranged from 12.2% for the 'Old
Port' × R. brachycarpum hybrids to 55.2% for the R. brachy-
carpum × R. purdomii hybrids. There were also identified
numerous abnormalities in pollen structure. We found such con-
figurations of pollen grains as: monads, diads or poliads existing
among the typical for rhododendrons tetrads. Most of these
abnormal structures (i.e. 49.2%) were observed for R. aureum ×
R. brachycarpum hybrids whilst none were identified for R.
'Koichiro Wada' × 'Catharine van Tol' plants. Furthermore, an
average of 39.9% of the pollen grains revealed degeneration and
granulosis in cytoplasm for all of studied hybrids. Following on
micrographs made with the scanning electron microscope it
occurred that tetrads containing fertile pollen grains were signifi-
cantly bigger and had regular shape. On the contrary, size of ster-
ile pollen grains was smaller and their sporoderm was degener-
ated and sunken, with cracks and fractures of unknown origin. In
order to find a source of pollen structure disorders it is planned
to analyze the process of microsporogenesis in interspecific rho-
dodendron F1 hybrids.

REFERENCES:
DAFNI A. 1992. Pollination ecology. A practical approach. IRL Press,

Oxford.

1.9.
Expression of carboxypeptidase III and GAMyb
in the triticale seedlings
Adam Drzymała
Department of Biochemistry, Warsaw University of Life Sciences –
SGGW, Nowoursynowska 159, 02-776 Warsaw, Poland,
adam_drzymala@sggw.pl

Carboxypeptidase III is one of the hydrolytic enzymes which is
synthesized and secreted by the aleurone layer in response to gib-
berellic acid. Gene encoding carboxypeptidase III contain several
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conserved sequences upstream to transcription start site: GARE
and pyrimidine boxes responsible for binding of transcription
factors GAMyb and Dof class proteins respectively. The gib-
berellin signal cause hydrolysis of proteins related to ABA and
expression of GAMyb in the aleurone layer. The latter process is
responsible of activation of promoters of genes which participate
in degradation of reserves in starchy endosperm. The expression
of GAMyb transcription factor was observed in all tissues of trit-
icale seedlings, but the highest level of transcript was found in
endosperm of the grains. The expression of the gene increased up
to second day after the beginning of imbibition, and decreased to
the last day of studied period. It was correlated to expression of
carboxypeptidase III which increased up to third day of germina-
tion. The transcript level of GAMyb gene was higher than the car-
boxypeptidase III gene. It may suggest involvement of GAMyb in
the control of transcription of carboxypeptidase gene in
endosperm of germinating triticale grains. The profiles of expres-
sion of the transcription factor and carboxypeptidase III gene in
scutellum were also similar. GAMyb is thought not to control the
expression of carboxypeptidase III in roots since expression of the
enzyme is simultaneous with PCD. Nonetheless the expression of
GAMyb in shoots and roots of the triticale seedling was observed
at the very low level, but its function is not recognized.

1.10.
Uptake of D-chiro-inositol and D-pinitol by
developing pea embryos
Tomasz Dzik, Lesław B. Lahuta
Departament of Plant Physiology and Biotechnology, University of
Warmia and Mazury in Olsztyn, Oczapowskiego 1A/103, 10-719
Olsztyn, Poland, tomaszdzik.uwm@gmail.com,
lahuta@uwm.edu.pl

Myo-Inositol occurs in all living plants and animals tissues and
plays important functions in cellular metabolism. Some plant
species synthesize myo-inositol isomers or its methylated ethers
(like D-chiro-inositol and D-pinitol, respectively). Inositols can be
transported into maturing legumes embryos, decreasing accumu-
lation of raffinose family oligosaccharides. The mechanism of
cyclitols uptake from apoplast by embryo remains still unknown.
We investigated the involvement of sucrose, glucose and myo-
inositol on the uptake of cyclitols by pea embryos, naturally accu-
mulating myo-inositol only. 

Embryos at 14–20 DAP were incubated in water solutions of
D-chiro-inositol and D-pinitol (at 10 mM concentration) in the
absence or presence of sucrose, glucose and myo-inositol (at 10
and 20 mM concentration). Additionally, the effect of 50 μM CCCP
and 10 μM antimycin A (both sucrose transporters inhibitors) on
the uptake of D-chiro-inositol was tested. The levels of cyclitols in
embryos after 0, 2, 4, 6 and 24h of incubation were analyzed by
gas chromatography method.

Developing pea embryos indicated the ability to uptake of
both cyclitols. Embryos fed with D-pinitol converted a small
amount of this cyclitol into D-chiro-inositol. In the presence of glu-
cose or sucrose the rate of cyclitols uptake was not decreased.
Addition of myo-inositol to feeding solution drastically decreased
absorption of D-chiro-inositol and D-pinitol by embryos, suggest-
ing that a common cyclitols transporter can operates in pea
embryos. In regard to inhibitory effect of CCCP and antimycin A
on the uptake of D-chiro-inositol, we suggest that cyclitols trans-
port may be energy dependent. 

This work was partially supported by grant No N30312532/4015,
obtained from Ministry of Science and Higher Education of Poland. 

1.11.
Physiological and molecular analysis of 
glutamate dehydrogenase in germinating 
triticale kernels
Agnieszka Grabowska, Joanna Kwinta
Department of Biochemistry, Faculty of Agriculture and Biology,
Warsaw University of Life Sciences, Nowoursynowska 159, 
02-776 Warsaw, Poland, 
agnieszka_grabowska@sggw.pl, joanna_kwinta@sggw.pl

An physiological and molecular approach was developed in an
attempt to define the role of glutamate dehydrogenase (GDH; EC
1.4.1.2-4) during germination of triticale kernel. In vitro GDH
catalyses a reversible reaction involving ammonium ion, 2-oxog-
lutarate, glutamate – and NAD(P)H in the role of coenzyme. Hence
the enzyme is known as operating where the paths of C and N
metabolism intersect. The dynamics of aminating and deaminat-
ing activity of GDH as well as their ratio reported in embryo and
endosperm of germinating triticale grain testify to a particular
role of the enzyme in the process. Changes in aminating and
deaminating activities of GDH as well as their ratio in different
parts of the kernel and young plant seem to indicate that its enzy-
matic function is organ/tissue-specific.

In the molecular approach the aim of the present project was
cloning of glutamate dehydrogenase (GDH) gene from triticale.
First part of sequence GDH based on reverse transcriptase poly-
merase chain reaction (RT-PCR) was cloned. The cloned cDNA
was designated as TsGDH1. Complete TsGDH1 cDNA was
obtained by 3' i 5' RACE (Rapid Amplification of cDNA Ends). The
TsGDH1 cDNA is 1781 bp long and contains an open reading
frame of 1236 bp encoding 411 amino acids. TsGDH protein con-
tains all conserved regions found i GDH and shows a high level
sequence similarity to many other plant glutamate dehydrogenas-
es. The level of TsGDH expression in germinating kernels was
studied by semi-quantitative RT-PCR analysis. The results
showed that TsGDH has the highest expression level in the root
of the seedling and a somewhat lower one in the embryo after 24h
and 48h of germination. A low level of expression was observed
in dry embryo and coleoptile.

This work was supported by the Ministry of Scientific Research and
Information Technology in Poland, grant No N310 301134.

1.12.
1,3-β-D-glucan in vegetative buds of Norway
spruce during dormancy
Marzenna Guzicka, Roman Rożkowski, Tomasz Pawłowski
Institute of Dendrology Polish Academy of Sciences, Parkowa 5,
62-035 Kórnik, Poland, karotka@poczta.onet.pl, roman.rozkows-
ki@gmail.com, tapawlow@man.poznan.pl

The object of the study was Norway spruce, and the analysed
material consisted of the embryonic shoots isolated from vegeta-
tive buds. Buds were collected from grafts of Picea abies clone
04-118, in a clonal archives in the Institute of Dendrology
"Zwierzyniec" Experimental Forest near Kórnik. Material was col-
lected from the middle part of the tree crown from November
2008 until April 2009 to analyse changes in content and distri-
bution of 1,3-β-D-glucan. 

The location of 1,3-β-D-glucan in the Norway spruce embry-
onic shoot was determined using immunogold labeling and TEM.
Western-blotting analysis of the accumulation of 1,3-β-D-glucan
and 1,3-β-D-glucanase was performed too.
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Probably, symplastic communication  plays the main role in
synchronisation development, and is selectively blocked during
the dormancy. Specific pattern of 1,3-β-D-glucan distribution was
observed, and it was not changing during the dormancy period.
1,3-β-D-glucan was detected in procambium and peripheral
meristem. It blocked plasmodesmata and therefore affected sym-
plastic communication. 

The work was supported by Institute of Dendrology and Ministry of
Science and Higher Education (project no. N N303 068934).

1.13.
The changes in the ultrastructure of root cells
in Pisum sativum after incubation in
inhibitors of protein kinases and phosphatases 
Marzena Jeziorska, Małgorzata Kozieradzka-Kiszkurno,
Jerzy Bohdanowicz
Department of Plant Cytology and Embryology, 
University of Gdańsk, Kładki 24, 80-822 Gdańsk, Poland, 
jezmar@biotech.ug.gda.pl, stokrota@biotech.ug.gda.pl,
jurboh@biotech.ug.gda.pl

Chromatin is a highly dynamic structure that plays an important
role in regulating all nuclear processes (replication DNA, DNA
repair, transcription and recombination).The ultrastructure of cells
within root tips of Pisum sativum was studied after 3-days incuba-
tion with roscovitine – the protein kinase inhibitors and NSC – an
inhibitor protein phosphatase. Electron microscopic studies
demonstrate that depending on the chemical agent, ultrastructure of
cells reveals some specific features, comprising both chromatin con-
densation and the appearance of cytoplasmic structures. As com-
pared with the untreated control plants, ultrastructure of roscovi-
tine  treated cells, is distinctly  different. The regions of nuclear enve-
lope and central areas of nuclei are characterized by extremely con-
densed chromatin. Ultrastructure of NSC95397 stimulated cells is
similar to roscovitine treated root cells. The electron microscopic
observations revealed that, treatment of roots with NSC are charac-
terized by large areas of strong condensed chromatin. Moreover,
total surface engaged by this regions is relatively big.

1.14.
AFLP analysis of genetic diversity in natural
population and tissue culture plants of
Saxifraga hirculus L. 
Magdalena Kedra1, Elzbieta Cieslak2

1Department of Plant Physiology and Biochemistry, Faculty of
Biochemistry, Biophysics and Biotechnology, Jagiellonian
University, Gronostajowa 7, 30-387 Kraków, Poland,
magdalena.kedra@uj.edu.pl

2W. Szafer Institute of Botany, Polish Academy of Sciences
Lubicz 46, 31-512 Kraków, Poland,
elzbieta.cieslak@ib-pan.krakow.pl

Amplified Fragment Length Polymorphism (AFLP) is a powerful
tool for investigation of genetic variation within species, especial-
ly in conservation context. Saxifraga hirculus (L.) a postglacial
relict is protected by international and national law because of
significant reduction its habitats. This molecular method was
employed to investigate genetic stability the in vitro cultured plant
of S. hirculus and to compare with populations in nature.
Although, conventional propagation methods are available, tissue
culture techniques reduce risk of losing the valuable material,
especially in case of an endangered plants and allow to store

limited wild accessions. The effects of pH value and the different
regimes of temperature on the shoot proliferation were studied.
Application of tissue culture methods improve the rate of plant
propagation but may induce somatic variation. Genetical similarity
among individuals of both populations is close to one another and,
calculated based on Jaccard index, it ranges between 85% and 98%
for natural population and 89% to 97% for in vitro-cultured plants.
Gene diversity values for both populations do not show any differ-
ences and are 0.98 for natural and 1.00 for in vitro-grown plants.
Average gene diversity for both equals 0.1. High genetic similarity
was found also in analysis of variance, that showed higher level of
intrapopulation (52%) than interpopulation (48%) diversity (statisti-
cally significant at p< 0.001, Fst = 0.48). Results of studies, showed
no difference in spatial patterns of variability where genetical vari-
ability of the plants derived from tissue culture was compared with
that of the natural population of S. hirculus.

This work was supported by the Polish Ministry of Sciences (2 P04G
082 26).

1.15.
Localization of mRNA in Cajal bodies 
Agnieszka Kołowerzo, Dariusz Jan Smoliński
Department of Cell Biology, Institute of General and Molecular
Biology, Nicolaus Copernicus University, Gagarina St. 9,
87-100 Toruń, Poland, agakol@doktorant.umk.pl

In European larch microsporocytes, spherical structures 0.5 to 
6 μm in diameter are present in which poly(A) RNA accumulates.
There were one to several bodies per cell and they were often pres-
ent in the vicinity of the nucleolus. No nascent transcripts were
observed within them. Splicing factors of the SR family, including
protein SC35, which participates in bringing the 3' and 5' sites clos-
er in the splicing reaction, were also not observed. The absence of
the above-mentioned elements within bodies containing poly(A) RNA
disqualifies them as sites of synthesis and preliminary stages of
primary transcript maturation. However, they contained abundant
elements of the splicing machinery commonly occurring in Cajal
bodies (CB), i.e. Sm proteins or small nuclear RNA (snRNA). The
molecular composition as well as the characteristic ultrastructure of
bodies containing poly(A) RNA prove that these were CBs. The ques-
tion arises whether the observed poly(A) RNA in CBs are mRNA's or
other polyadenylated RNAs, i.e. non-coding "mRNA-like" transcripts.
There were examined several probes complementary to known
mRNAs from Larix sp. Double labeling to U2 snRNA (marker of CB)
and mRNAs of (1) Sm proteins (SmE, SmD1 and SmD2), (2) Pol II
RNA RPB2 subunit and (3) some house keeping gene's mRNAs like
catalase, ATPase, α-tubulin or peroxidase, showed that there are
present  in CBs. This is the first report on the presence of mRNA
within Cajal bodies. 

The investigations performed here indicate that in the ana-
lyzed microsporocytes, the level of poly(A) RNA is high. The dis-
crepancy of the results obtained here with data from the literature
could came from lower level of poly(A) in somatic cells than gen-
erative cells like larch microsporocytes. Thus, it cannot be
excluded that its detection was easier than in somatic cells. It's
unknown if mRNA accumulation in CBs represents typical devel-
opmental strategy of cells during microsporogenesis. The lack of
data on this subject may be due to the fact that the localization of
mRNA during microsporogenesis in other plants hasn't been per-
formed to date, and investigations on CBs in these cells are still
fragmentary. The role of mRNA-rich CBs in RNA metabolism in
larch microsporocyte development will be discussed. 

This work was supported by European Social Fund and Kujawsko-
Pomorski Province Council project "Stypendia dla doktorantów
2008/2009-ZPORR".
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1.16.
Interactions between auxin, cytokinin and 
ethylene during in vitro rhizogenesis 
of ice plant
Robert Konieczny1, Jan Kępczyński2, Maria Pilarska1,
Danuta Cembrowska2, Diedrik Menzel3, Jozef Šamaj3
1Department of Plant Cytology and Embryology, 
Jagiellonian University, Grodzka. 52, 31 044 Kraków, Poland,
robert.konieczny@uj.edu.pl

2Department of Plant Physiology and Biotechnology, 
University of Szczecin, Wąska 13, 71 415 Szczecin, Poland

3Institute of Cellular and Molecular Botany, University of Bonn,
Kirschallee 1, 531 15 Bonn, Germany

Hypocotyl explants of Mesembryanthemum crystallinum pro-
duced roots regularly from basal part when cultured vertically
either with apical (AE) or basal end (BE) in media containing
indole-3-acetic acid (IAA). The inhibitors of polar auxin transport
(PAT), α-naphtylphtalamic acid (NPA) and 2,3,5-triiodobenzoic
acid (TIBA) inhibited rhizogenesis and changed IAA-induced pat-
tern of root formation only from AE-cultured explants, indicating
the role of  PAT in root regeneration in this system. Cytokinin
(zeatin, kinetin, BAP) added to auxin containing medium caused
thickening of the explants and promoted formation of roots with
long root hairs. Additionally, all cytokinins strongly reduced rhi-
zogenesis from the explants maintained with BE and AE, and
similarly to TIBA and NPA changed IAA-induced pattern of root-
ing in AE-cultured explants by favoring rooting from apical end
and middle part of the hypocotyl with its concomitant reduction
from the basal end. The addition of kinetin did not influence the
endogenous content of IAA in the explants maintained with AE
but it strongly enhanced ethylene production. The cross-talk
between ethylene and cytokinin during PAT-dependent rhizogen-
esis was tested by using an ethylene antagonist (AgNO3), an
inhibitor of ethylene synthesis aminoethoxyvinylglycine (AVG),
and a precursor of ethylene, 1-aminocyclopropane-1-carboxylic
acid (ACC). AgNO3 applied together with IAA or IAA and kinetin
reduced the production of ethylene, inhibited rhizogenesis and
induced non-regenerative callus from BE suggesting the need of
ethylene signaling to elicit the rhizogenic action of auxin. A reduc-
tion of rhizogenesis and decrease of ethylene biosynthesis was
also caused by AVG. Most importantly, AVG at 10 μM reversed
the effect of cytokinin on root patterning resulting in roots emerg-
ing only from BE on the medium with IAA and kinetin. AVG and
AgNO3 also abolished the kinetin-induced effect on root mor-
phology making roots relatively thin and almost devoid of root
hairs Conversely, ACC at 200 μM significantly enhanced the pro-
duction of ethylene and partly mimicked the effect of cytokinin
when applied with IAA alone, thus confirming that in cultured
hypocotyls of ice plant cytokinin affects IAA-induced rhizogenesis
through an ethylene-dependent pathway. 

1.17.
Is Artemisia absinthium var. calcigena a well
defined endemic taxon? Morphological,
anatomical and cytogenetic characteristics 
of Artemisia absinthium var. absinthium
and var. calcigena.
K. Konowalik1, S. Garcia2, J. Pellicer3, A. Kreitschitz1,
J.Vallès3

1Department of Plant Morphology and Development, Institute of
Plant Biology, University of Wrocław, Kanonia 6/8,
50-328 Wrocław, Poland, kamilkonowalik@o2.pl,
skowron@biol.uni.wroc.pl 

2Institut Botànic de Barcelona (CSIC-ICUB),
Passeig del Migdia s. n., Parc de Montjuic, 08038 Barcelona,
Catalonia, Spain, sphaeromeria@gmail.com

3Laboratori de Botànica, Facultat de Farmàcia, Universitat de
Barcelona, Av. Joan XXIII, s. n., 08028 Barcelona, Catalonia,
Spain, jaumepellicer@ub.edu, joanvalles@ub.edu 

Artemisia is one of the biggest genera in the Asteraceae family. Its
distribution area covers different habitats mostly in the Northern
hemisphere, with landscape-dominant species in dry areas. The
large taxa number, geographical distribution range and ecological
differentiation have caused morphological, anatomical and cyto-
genetic adaptations. Due to this, different forms have been con-
sidered at subspecific or lower taxonomical levels. A proper clas-
sification of these taxa is difficult, particularly considering only
morphological features. One doubtful taxon is A. absinthium var.
calcigena, endemic for Pieniny Mountains. The aim of this study
was to perform comparative analyses of this taxon and its type
variety, A. absinthium var. absinthium. The analyses included
different organization levels: morphological, anatomical and cyto-
genetic. At the morphological level, no significant differences were
observed. Covering and glandular trichomes exist in both forms
on the leaves surface. No differences were noted in pollen grains
and fruit surface sculpturing. Both taxa have the same ability to
produce slime in fruits. Anatomical shoots cross-sections were
also very similar. One characteristic feature for A. absinthium
var. calcigena is the ability to form a periderm in very early
stages (two month-old seedlings). In older plants of this taxon, the
periderm has 2–3 more layers than in individuals of the typical
form, and builds an unbroken layer. Karyological and cytogenet-
ic results were also similar in all studied plants. Genome size,
chromosome number, karyotype symmetry as well as fluo-
rochrome banding and FISH analyses did not demonstrate any
discriminative power. Results from the presumed endemic vari-
ety fall in the range of variability found in other populations of 
A. absinthium. Overall, no significant differences between 
A. absinthium var. absinthium and var. calcigena were found.
This suggests that the observed variability does not support dis-
tinguishing the Pieniny Mountains endemic as an independent
unit, and its particularities may result from adaptations to differ-
ent habitats rather than implying any systematic independence.
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1.18.
The characteristics of circumnutation of
Helianthus annuus growing on vertical
clinostate in different light conditions
Elzbieta Koperwas1, Tadeusz Zawadzki1, Beata Rodzik2

1Department of Biophysics, Institute of Biology, Maria Curie
Sklodowska University, Akademicka 19, 20-033 Lublin, Poland,
koperwasela@gmail.com

2Department of Statistics, Institute of Mathematics, Maria Curie
Sklodowska University, pl. Marii Curie-Skłodowskiej 1,
20-031 Lublin, Poland, beata.rodzik@umcs.lublin.pl

Circumnutations are a helical plant movements inducted by turgor
– growth changes. They are universal movements for plants exam-
ined so far. They are constitutional, however they are modulated by
different external factors. We have studied the characteristics of
circimnutation movement in different light directions: when the
light source was applied aside and also "moved around" plants
growing on vertical clinostate in clockwise or counter clockwise
directions. We have examined the frequency of the left-handed and
right-handed circumnutation as well as the dependence of the peri-
od and length of circumnutation on applied light direction.

REFERENCES:
CHARZEWSKA A, ZAWADZKI T. 2006. Circadian  modulation of circumnu-

tation length, period, and shape in Helianthus annuus. Journal
of  Plant Growth Regulations 25: 324–331.

HASHIMOTO T. 2002. Molecular genetic analysis of  left-right handedness
in plants. Philosophical Transactions of the Royal Society B:
Biological Sciences 357: 799–808.

1.19.
Comparative analysis of floral structures
attracting insects in selected species of
Bulbophyllinae Schltr. and Pleurothallidinae
Lindl. (Orchidaceae)
Agnieszka Kowalkowska
Department of Plant Cytology and Embryology, University of
Gdańsk, Kładki 24, 80-822 Gdańsk, Poland, dokakow@univ.gda.pl

Pollination is a complex  process – flowers have evolved various
features to attract the insects' attention. This is the effect of polli-
nators' demands – they prefer flowers with particular structures
and forms of flowers. 

Species from Bulbohyllinae and Pleurothallidinae represents
one of the most interesting sample of morphological convergence
caused by the pollination strategy – myophily (Dressler, 1981).
The aims of these studies were: examination of morphological
structures connected with pollination by Diptera, and searching
answer for the question: does the convergence exist on the micro-
morphological level as well? Species were observed in stereomi-
croscope and scanning electron microscope (SEM). Cytochemical
and molecular research were also done.

Bulbophyllinae is pantropical taxon, Pleurothallidinae –
neotropical. Molecular data show that both subtribes are not
closely related. The structure of vegetative parts is different.
Nevertheless, there are many similarities in floral structures. The
first visual attractant is the floral colour. In both subtribes species
have dark flowers: mainly red and brown. The motile elements
(appendages, trichomes and hairs on petals and/or on the lip,
thickened tips of petals) cause the increase of the floral attractive-
ness for flies. The function of landing platform for insects belongs
to the lip, and also connated sepals. Nectar is observed on super-

ficial grooves on the lip and the abaxial sides of sepals. In both
subtribes the mechanism of hinge lip is present. 

The floral similarities were also visible on the micromorpho-
logical level: an undulating cuticle, conical papillae and stomata
in the top-parts of petals, nectar traits beginning from the cavity
at the base of lip, the imbricate arrangement of cells and papillae
on the lip, trichomes occurring at the bases of petals close to
gynostemium, papillae on the column-foot of gynostemium. 

In both groups similarities in pollination strategies are
noticed. Mimicry to other flowers is observed (i.e. umbellate flow-
ers similar to Asteraceae, occurrence of pseudonectar instead of
nectar). Brood-site imitation and mimicry to hidden animals are
also present. In Pleurothallidinae pseudocopulation is proved. In
Bulbophyllinae some features suggest this pollination strategy,
but field works are necessary to demonstrate it. 

Species from these two groups are geographical vicariants
and occupy ecological niches for myophilous plants, respectively
in Old and New World.

1.20.
Unusual plasmodesmata in the 
embryo-suspensor of Sedum (Crassulaceae)
Małgorzata Kozieradzka-Kiszkurno, Jerzy Bohdanowicz
Department of Plant Cytology and Embryology, 
University of Gdańsk, Kładki 24, 80-822 Gdańsk, Poland, 
stokrota@biotech.ug.gda.pl, jurboh@biotech.ug.gda.pl

The development and ultrastructure of the plasmodesmata in the
embryo-suspensor of Sedum acre L. and S. hispanicum L. were
investigated using light and electron microscopy. The ultrastruc-
ture of plasmodesmata in both the investigated species are very
similar, the results will be described together.

Differentiation of the basal cell (BC) begins shortly after the
first division of the zygote. Two-celled embryo consist of the large
(BC) and the smaller apical cell. The wall surrounding the (BC) is
thicker then the apical cell wall. The inner wall of the embryo is
thick and separating the apical cell from the (BC) contains a num-
ber of a simple plasmodesmata, but there are none in the outer
walls of the embryo.

When the embryo proper reaches the early-globular stage of
development, the (BC) undergoes stage of following differentia-
tion. The chalazal suspensor, linking the (BC) with the embryo
proper, consist of two layers of elongated cells. The part of
wall, separating the (BC) from the first layer of the chalazal
suspensor cells, is perforated by unusual, compound plasmod-
esmata. Numerous unusual plasmodesmata are branched.
Plasmodesmata, on side of basal cell surrounding the electron-
dense, none membranous body in the cupola shape. There are
dark network of tubules connecting with RER membranes inside
this body. 

The mature suspensor of Sedum consist of a large pear-
shaped basal cell and a few chalazal cells in two layers. The
wall surrounding the (BC) is thicker then the chalazal suspen-
sor and the embryo proper cells. There are no plasmodesmata
in the outer walls of the whole embryo, but they are numerous
in the inner walls of the chalazal suspensor and embryo prop-
er. The wall separating the (BC) from the first layer of the cha-
lazal suspensor cell contains numerous unusual plasmodes-
mata, too. 

The (BC) reaches its maximum size in the torpedo stage of
embryo development. At this stage, the suspensor begins to
degenerate. The chalazal suspensor cells are arranged in two lay-
ers. In transverse wall separating the basal cell from the first
layer of the chalazal suspensor cells contains numerous

4th Conference of Polish Society of Experimental Plant Biology • Experimental Plant Biology. Why not?! 

16 ACTA BIOLOGICA CRACOVIENSIA Series Botanica

SESSION 1



branched and flattened plasmodesmata. The mechanism and
sort of transport through these compound plasmodesmata is dis-
cussed.

This work was financially supported by internal grant (BW/L160-5-
0093-9) from University of Gdańsk.

1.21.
Expression pattern of  LEAFY COTYLEDON1
and FUSCA3 genes during somatic 
embryogenesis in Arabidopsis 
Agnieszka Ledwon, Malgorzata D. Gaj
Department of Genetics, University of Silesia, Jagiellonska 28,
40-032 Katowice, Poland, malgorzata.gaj@us.edu.pl

In Arabidopsis thaliana, in vitro culture of immature zygotic
embryos (IZEs) on solid medium supplemented with auxin
results in effective production of somatic embryos via somatic
embryogenesis, SE (Gaj, 2001). The LEAFY COTYLEDON genes
(LEC1, LEC2 and FUS3), encoding transcription factors involved
in zygotic embryogenesis were suggested to play a key role in SE
as knockout mutations in the LEC genes dramatically decrease
embryogenic ability of in vitro cultured explants (Gaj et al., 2005). 

The present study was aimed at analysis of LEC1 and FUS3
expression pattern during SE process induced in culture of IZE
explants. Real-Time PCR was used to monitor the relative level of
LEC1 and FUS3 expression at various time points of the culture
induced on auxin (E5) and auxin free (E0) media. Comparison of
LEC1 RNAs level in E5 and E0-cultured explants revealed their
gradual and auxin-stimulated increase between the 3rd and 15th

day in E5-treated culture. In contrary to LEC1, the FUS3 expres-
sion level was found auxin independent as activity of this gene
was similar on E5 and E0 media. The significant difference in the
expression levels of LEC1 and FUS3 genes was noticed between
embryogenic and non-embryogenic cultures. It was indicated that
15-day old Col-0 embryogenic culture displayed up to a 20-fold
higher activity of the analysed genes than non-embryogenic one.
Similarly, the expression of the LEC1 and FUS3 genes was indi-
cated to be significantly lower in cultures derived from the
mutants impaired in SE (axr4-1 and cbp20) and characterized by
abundant callus formation. 

The differential pattern of LEC1 gene expression observed
during the time course of SE culture implicated that the gene,
similarly to LEC2 (Ledwoń, 2008), may be specifically involved in
development of somatic embryos. In contrast, a stable, auxin-
independent activity of the FUS3 gene suggests its more general,
not SE-specific functions in cultured cells. 
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1.22.
Variable shoot morphology of NPA-treated
plants
Michał Ludynia, Dorota Borowska-Wykręt
Department of Biophysics and Morphogenesis of Plants, Faculty of
Biology and Environment Protection, University of Silesia,
Jagiellonska 28, 40-032 Katowice, Poland, 
mludynia@us.edu.pl, dorota.borowska-wykret@us.edu.pl

The experiments on pin-formed1 (pin1) Arabidopsis as well as
pin-like Arabidopsis and tomato shoots obtained with NPA-treat-
ment are fundamental for contemporary models explaining phyl-
lotaxis mechanisms. Pin-like shoot apices are virtually unable to
produce a new primordium but the primordium formation can be
induced by the local application of IAA. Therefore, it is assumed
that polar auxin transport is a crucial process involved in phyl-
lotactic patterns generation. 

However, preliminary results indicate that the morphology of
pin-like shoot apices of pin1 is variable and putative early stages
of primordium formation are observed at the apex periphery
(Kwiatkowska, 2004). To further study this phenomenon we
quantify the geometry and growth of shoot apices in NPA-treated
plants in three species: Arabidopsis, tomato as well as Anagallis
arvensis (for which morphogenesis at the untreated shoot apex is
known in details) using a non-destructive replica method and a 
3-D reconstruction algorithm (Dumais, Kwiatkowska, 2002). We
show that pin-like shoot apices in NPA-treated tomato and
Arabidopsis are dynamic and very variable structures. Even after
a long-lasting culture on NPA medium tomato apices seem to
retain some ability to produce rudimentary primordia and some
positional information about primordium distribution. Relatively
big protrusions are apparent at the base of apices, in seemingly
spiral pattern. Pin-like shoots originating from the same plant
exhibit significant morphological heterogeneity, which only to a
certain extent can be explained by differences in their develop-
mental phases. We postulate that the observed trials of primordi-
um formation and heterogeneity may at least partly be explained
by the presence of endogenous auxin. An extreme case where its
presence is manifested is the shoot apex of Anagallis. NPA-treat-
ed Anagallis shoots instead of being pin-like produce "cups",
which are formed by fused leaves of the same nodes. 

REFERENCES:
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1.23.
Functional genomic analysis of the proteins
involved in interactions between the 
components of the cell wall, plasma membrane,
and cytoskeleton in Arabidopsis thaliana
Michalina Maruniewicz, Przemysław Wojtaszek
Department of Molecular and Cellular Biology, Adam Mickiewicz
University, Umultowska 89, 61-614 Poznań, michasia@amu.edu.pl

Structural and functional continuum between cell wall, plasma
membrane and cytoskeleton (WMC) is indispensable for proper
functioning of plant cells. It is involved in many developmental
processes, like maintenance of the cell shape, and also in plant
cell reactions to external and internal stimuli. At the present state
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of knowledge it is assumed that proteins, and also polysaccha-
rides, fulfill the role of elements connecting various parts of the
WMC continuum. However, the true knowledge about such ele-
ments is rather scarce.

Based on bioinformatics analyses, four proteins have been
selected as potential linkers anchoring cytoskeleton and plasma
membrane in the walls. These were analyzed with respect to their
structure, presence of a signal peptide, transmembrane helix(-
ces; TMH) or in order to confirm the predicted domain architec-
ture. Identification of homologous proteins from other sources
was also done as they can indicate possible function(-s). 

Two proteins are defined by the presence of EGF motifs, often
found in extracellular proteins, suspected to be involved in inter-
molecular interactions. One of them contains two EGF motifs,
and the exostosin domain, responsible for glycosyltransferase
activity (GT). Sequence analysis showed that this protein belongs
to family 47 of glycosyltransferases. Arabidopsis contains 39
genes coding for such GTs but only a few of plant GTs has been
characterized so far. All known GTs are thought to act in the
lumen of Golgi, and thus it would be extremely interesting to find
out if protein with such activity could also be located in the extra-
cellular compartment. The second of those proteins contains an
EGF motif, and the metalloproteinase domain. Homology search
analysis revealed the highest similarity to gp63 (leishmanolysin)
from Trypanosoma cruzi which acts as a zinc dependent pro-
tease. Detailed sequence analysis and homology modeling showed
that it belongs to metazincin family of proteases, very similar to
leishmanolysin, and is probably active. Its function is as yet
unknown. 

Two remaining proteins belong to the formin family (formin 6
and formin 8) and are defined by the presence of formin homol-
ogy domain 2. In animal cells, they act as actin nucleation and
elongation factors. Not much is known about their functioning in
plants. Both selected formins belong to class I, defined by the
additional TMH and a proline-rich motif which probably extends
into extracellular space, anchoring the proteins in cell wall.
Analysis of A. thaliana insertion mutants revealed a significant
decrease in the root length compared to wild type plants. The dif-
ference was greater in the case of plants grown on basal medium
compared to plants grown under salt and osmotic stress condi-
tions. However, preliminary visualization of the actin cytoskeleton
arrangement showed no significant differences between mutants
and wild type plants.

This work is funded by a Polish Ministry of Science and Higher
Education grant N N303 360735 to P.W.

1.24.
Procambium-cambium transition in ontogeny
of Diospyros lotus L. 
Elżbieta Myśkow 
Institute of Plant Biology, University of Wrocław, Kanonia 6/8,
50-328 Wrocław, Poland, myskow@biol.uni.wroc.pl

Diospyros lotus L. (Ebenaceae) belongs to the group of tree-
species which are characterised by the double-storied structure
of cambium. This pattern develops rapidly in the ontogeny of D.
lotus stems and is already observed in the terminal parenchyma
of the third annual ring. The main aim of the study was to analyse
the ontogenetic changes of D. lotus vascular meristem with a spe-
cial attention paid to transition between procambium and cambi-
um. The features regarded as distinguishing both meristems were
examined, i.e. intrusive growth and periclinal divisions of initial
cells, ray ontogeny, and the primary versus secondary nature of
derived vascular tissues. Initially, D. lotus procambium is a

homogenous tissue developed as a continuous cylinder
('syphonostele'). The procambial cells may have transverse as well
as tapered cell wall ends, the latter resulting from the intrusive
growth. During further development, two types of meristematic
cells, which are primordial fusiform and ray initials, can be
recognised in procambium based on two distinct sets of respec-
tively formed derivatives, i.e. vessel elements and rays.
Additionally, the first periclinal divisions of procambial cells
occur already during  protoxylem formation, while distinct radial
rows of cells, resulting from this type of divisions, are present in
metaxylem. In D. lotus, vessels of late metaxylem as well as those
of secondary xylem possess pitted secondary cell walls, making it
impossible to classify the vascular element as primary or sec-
ondary in origin. 

The double-storied structure is rapidly formed in cambium
ontogeny of D. lotus due to anticlinal longitudinal divisions of
fusiform initials and ordering of rays into horizontal tiers. The
high primary rays are split at the borders of adjacent storeys, and
new secondary rays are initiated by segmentation of fusiform ini-
tials exactly within the storeys. Data presented here show contin-
uous and quick transition from the early stage of procambium to
the double-storied structure of cambium in ontogeny of D. lotus.
It would be of a special interest to confirm whether such devel-
opmental continuity is coincident with the uninterrupted activity
of the genes characteristic of procambium and cambium.

1.25.
Fluorescence properties of solubilized
Pchlide:LPOR:NADPH complexes and their
changes caused by a short light pulse
Beata Myśliwa-Kurdziel, Anna Stecka, Kazimierz Strzałka
Department of Plant Physiology and Biochemistry, 
Faculty of Biochemistry, Biophysics and Biotechnology,
Jagiellonian University, Gronostajowa 7, 30-387 Kraków, Poland,
b.mysliwa-kurdziel@uj.edu.pl, anna_stecka@o2.pl,
kazimierzstrzalka@gmail.com

The reduction of protochlorophyllide (Pchlide) to chlorophyllide
(Chlide) in Angiosperms is a light-triggered reaction, catalyzed by
Pchlide oxidoreductase (LPOR). In the absence of light, Pchlide
and LPOR accumulate within etioplast inner membranes (EPIM).
Some Pchlide molecules form complexes with LPOR and NADPH,
whereas the rest stay unbound to the catalytic site of LPOR.
Aggregates of different size of Pchlide:LPOR:NADPH complexes
were found only within the highly organized lipid structure (pro-
lamellar body, PLB). A short light pulse induces conversion of
Pchlide:LPOR:NADPH complexes to Chlide:LPOR:NADP+ ones.
Then, Chlide molecules leave the complexes which is accompa-
nied by the disappearance of the PLB structure. Molecular
arrangement of pigment:LPOR:NADPH complexes within the PLB
structure and their interaction with the environment have not
been elucidated yet.

In this study, isolated EPIM or purified PLBs from wheat
(Titicum aestivum) were solubilised using n-octylglucoside and
Triton X-100. Fluorescence spectra at 77 K, and 295 K and fluo-
rescence lifetimes at room temperature were examined for solu-
bilized Pchlide:LPOR:NADPH complexes for different experimen-
tal conditions (time of detergent treatment, detergent concentra-
tion). In general, a shift of the fluorescence band from 655-657
nm, characteristic for highly aggregated Pchlide:LPOR:NADPH
complexes, to 630-635 nm, originating from Pchlide dissociated
from the complexes was observed at 77 K. Room temperature
spectra were more complicated and were deconvoluted into
Gaussian components. Fluorescence lifetime analysis revealed
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two components: one was lower than 1 ns and the other was
between 2 and 4 ns depending on the experimental conditions.
The short light pulse resulted in appearance of the Chlide fluo-
rescence band having maximum between 676 and 688 nm, which
depended on solubilization conditions. The appearance of the
new fluorescence band was accompanied by the disappearance of
the respective Pchlide fluorescence band. Fluorescence lifetimes
of the newly formed Chlide were significantly longer than those
observed for Pchlide. These experiments allowed us to character-
ize fluorescence properties of Pchlide (or Chlide):LPOR:NADPH
complexes of different size and compare them to the data
obtained for isolated PLB (Myśliwa-Kurdziel et al., 1999) and eti-
olated seedlings (Myśliwa-Kurdziel et al., 2003).

REFERENCES:
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1.26.

The unique features of rhizophore growth in
Selaginella kraussiana
Piotr Otręba, Edyta Gola
Institute of Plant Biology, University of Wroclaw, Kanonia 6/8,
50-328 Wroclaw, Poland, pio-o@pio-o.net, edytag@biol.uni.wroc.pl

Rhizophores are leafless dichotomizing axial organs found exclu-
sively in the genus Selaginella P. Beauv. (Selaginellaceae,
Lycophyta). Their mode of growth has not been examined so far.
In our research we showed that the new twin apices are formed
by endogenous initial cells which divide few times giving rise to
hidden primordia. Peculiarly, these primordia are of adventitious
roots, what remains in contrast to typical dichotomy where orig-
inal axis and both twin ones are organs of the same identity.
Hidden primordia are temporarily inhibited in development with-
in the original axis while the latter one keeps growing due to activ-
ity of the intercalary meristem. 

The intercalary meristem is located basally to hidden pri-
mordia at the rhizophore apex. In this zone, intensive divisions,
which are perpendicular to the long axis of the organ and result
in the ladder-like pattern of short cells, occur in epidermis, cor-
tex cells and procambium.

Dichotomy becomes macroscopically visible when hidden pri-
mordia emerge. At the base of each primordium new intercalary
meristem develops. Together with the intercalary zone of the rhi-
zophore they contribute to the growth of new axes. 

Our data show specific aspects of the rhizophore growth.
Limited divisions of root initial cells and transient developmental
arrest of hidden primordia force the growth to be located subapi-
cally and performed mostly by derivatives of the previous axis
instead of newly formed apices. Furthermore, the mother axis
contributes significantly to the growth of dichotomous twin apices
during their emergence and initial elongation. Based on results
we show the uniqueness of the rhizophore dichotomous branch-
ing that is exceptional comparing to other known dichotomously
branched organs. 

1.27.
Proteomic approach to analyze dormancy
breaking  of silver fir (Abies alba Mill.) seeds
Tomasz Andrzej Pawłowski
Institute of Dendrology Polish Academy of Sciences, Parkowa 5,
62-035 Kórnik, Poland, tapawlow@man.poznan.pl 

Seed dormancy is controlled by the physiological or structural
properties of a seed and the external conditions. It is induced as
part of the genetic program of seed development and maturation.
Seeds with physiological embryo dormancy can be stimulated to
germinate by a variety of treatments including cold stratification.
Investigation of proteins, product of genes activated during a
complex developmental process as is dormancy breaking was the
aim of presented research. Proteomics offers the opportunity to
examine simultaneous changes and to classify temporal patterns
of protein accumulation occurring during seed dormancy break-
ing and germination. 

These studies were carried out on seeds of silver fir (Abies
alba Mill.), a gymnosperm conifer plant, during their stratifica-
tion and germination. After imbibition in water, seeds were sub-
jected to cold stratification in 3°C, which breaks dormancy. To
accelerate the germination capacity seeds were moved after 6
weeks of stratification to 20°C. The protein extraction was done
separately for embryo and megagamethophyte of the seeds cover-
ing the period of stratification in 3°C and germination in 20°C.
The process of seed germination was analysed at the stages cor-
responding to the dormant seeds, seeds after 48-hour imbibition,
seeds during each week of stratification and germinated seeds
with protruded roots.

Regarding the proteomic approach, proteins of the seeds
were separated by 2D-gel electrophoresis and were analyzed by
mass spectrometry. The influence of stratification was investigat-
ed and main protein variations for embryo an megagamethophyte
were pointed out. Analysis of the functions of the identified pro-
teins and the related metabolic pathways would expand our
knowledge about gymnosperm seeds dormancy breaking.
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1.28.
Structure and evolution of the carnivorous
plant genus Heliamphora
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Dagmara Kwolek1
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The family Sarraceniaceae consists of  three genera of carnivo-
rous plants from the New World (Darlingtonia, Heliamphora,
Sarracenia). The genus Heliamphora currently comprises 15
species and is restricted to the tepuis and plateaus of Venezuela,
and adjacent parts of Brazil and Guyana. The aims of our stud-
ies were to investigate distribution, morphology and anatomy of
Heliamphora nectaries in phylogenetic frame. We examined sev-
eral species including H. exappendiculata, H. sarracenioides, H.
minor, H. ionasii, H. heterodoxa, H. chimantensis, H. folliculata.

All species of Heliamphora studied, with exceptions of  H. exap-
pendiculata and especially H. sarracenioides, form a distinct nec-
tar appendage (nectar spoon) on the pitcher apex. Most of the giant
nectaries in Heliamphora are located in the nectar appendage, some
of them occur also in the external pitcher wall. The giant extrafloral
nectaries are a main source of nectar, which contains also scent
compounds. Thus these nectaries display a double role, and nectar
appendages act as the extra-floral osmophores. The ultrastructure
of  the nectaries was studied in detail.

The first author gratefully acknowledges the support of an award from
the Foundation for Polish Sciences (Start Programme). This study was
partially funded by grant N N304 002536 from the Polish Ministry of
Science and Higher Education.

1.29.
Activity of PLA2 in Solanum species treated
with elicitor from Phytophthora infestans
Lidia Polkowska-Kowalczyk, Urszula Maciejewska, 
Bernard Wielgat
Department of Plant Biochemistry, Institute of Biochemistry and
Biophysics PAS, Pawińskiego 5a, 02-106 Warsaw, Poland,
lidekp@ibb.waw.pl, ula@ibb.waw.pl, wielgat@ibb.waw.pl 

Plant phospholipases A (PLAs) are involved in defense strategy
since products of PLA activity function in signal transduction and
serve as substrates for oxylipin biosynthesis. In studies on lipid
peroxidation induced by elicitor from Phytophthora infestans in
Solanum species we have found a decrease in linoleic (LA),
linolenic (LnA) and hexadecatrienoic acid in leaves treated with
the elicitor. In plant phospholipids, LA and LnA dominate the sn-
2 position so they are released by phospholipase A2 (PLA2). 

In the present study we have examined PLA2 activity in leaves
of Solanum tuberosum cv Bzura and clone H-8105 and Solanum

nigrum var. gigantea that exhibited field resistance, susceptibil-
ity and non-host resistance, respectively, in response to the P.
infestans. The leaves from in vitro grown plants were treated with
elicitor, culture filtrate (CF) from P. infestans. The PLA2 activity
was determined by spectrophotometric method. 

The PLA2 activities in CF treated leaves from all genotypes dif-
fered in respect of intensity and kinetics. In non-host S. nigrum
the PLA2 activity reached a higher level than in Bzura and H-8105
and remained elevated during the whole time of experiment. In
the susceptible H-8105, PLA2 activity after a transient increase
reduced to the level of control.

To study role of PLA2 in response to CF, we have used
inhibitor of Ca2+-independent PLA2, haloenol lactone suicide sub-
strate (HELSS). The PLA2 activity was assayed in vivo – detached
leaves were incubated in HELSS and in vitro – HELSS was added
into enzymatic extracts from control and HELSS treated leaves.
In all genotypes, in vivo the inhibitory effect of HELSS was not
dose dependent whereas in vitro, PLA2 activity decreased
markedly in the highest dose of HELSS, independently of the pre-
vious treatment. Then effect of HELSS in chosen dose in vivo and
in vitro on PLA2 activity in control and CF treated leaves was
examined. Preincubation of leaves in HELSS before CF treatment
resulted in a marked inhibition of PLA2 only in S. nigrum. In
vitro, HELSS added to the enzyme extracts from CF treated
leaves and those preincubated in HELSS inhibited PLA2 activity
in resistant genotypes. 

This work was supported by the Ministry of Science and Higher
Education, Project 0329/B/P01/2008/34.
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Environmental engineering with bamboo:
options for Europe?
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Most attention in Western Europe goes to the classical bionergy
crops poplar, willow and Miscanthus. However, several other
plants are useful candidates to provide biomass for the produc-
tion of electricity, bamboo being most prominently among them.
Bamboo is one of the fastest growing sources of biomass on earth
with an unsurpassed regeneration potential, and several agricul-
tural techniques and technologies have already been adapted to
suit large scale bamboo cultivation. 

Of course, it can be doubted whether bamboo, which is more
known to grow under (sub)tropical conditions, can be grown suc-
cessfully in a colder European environment. So far, pilot tests of
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bamboo growth in Ireland and Flanders (Belgium) show that
bamboo produces enough biomass, even under a rather adverse
climate, to make the plant economically an equal investment as
the classic crops. Moreover, bamboo tends to have a higher
capacity for uptake of heavy metals than poplar and willow, offer-
ing possibilities for an efficient combination of biomass produc-
tion and heavy metal phytoremediation. The identification and
isolation of several natural endophytic bacteria offers even the
possibility, through well-targeted genetic engineering, to turn the
combination of plant and bacteria into an instrument to degrade
organic pollutants in situ. 

This makes bamboo a useful crop to be grown on marginal
soils, offering two distinct advantages: the production of bio-ener-
gy without having to compete with food and feed production, and
the economic revalorisation of polluted and less fertile fields and
areas.

1.31.
Molecular cloning and expression analysis of
main gliadin-degrading cysteine endopeptidase
EP8 from triticale (× Triticosecale Wittm.)
Beata Prabucka, Adam Drzymała, Agnieszka Grabowska
Department of Biochemistry, Faculty of Biology and Agriculture,
Warsaw University of Life Sciences (SGGW), Nowoursynowska
159,02-776 Warsaw, Poland, beata_prabucka@sggw.pl,
adam_drzymała@sggw.pl, agnieszka_grabowska@sggw.pl

During development and maturation of cereal grains storage pro-
teins are accumulated in the starchy endosperm. These proteins
are a source of amino acids indispensable for growth of new
plant. The enzymes responsible for mobilization of reserve pro-
teins during seed germination are cysteine endopeptidases and
serine carboksypeptidases. In our previous study we purified
from germinating triticale kernels the major gliadin-degrading
cysteine endopeptidase EP8. We confirmed in an experiment with
exogenous GA3 that this enzyme is synthesized in aleurone dur-
ing germination. Mass spectrometry analyses of purified EP8
preparation shows that endopeptidase EP-A from barley is the
nearest homologue of EP8. We cloned, based on RT-PCR (reverse
transcriptase-polymerase chain reaction), part of sequence
encoding EP8. The cDNA clone has high identity to endopeptidase
EP-A. RACE (rapid amplification of cDNA ends) method let as to
clone 3'end of cDNA encoding EP8. The EP8 transcript level was
analysed by semi-quantitative RT-PCR method. Preliminary
results indicate the highest expression of EP8 on the second and
third days of germination in the scutellum and aleurone layer
respectively. It correlates with the activity of EP8 detected after
native electrophoresis on gels with copolymerized gliadin as a
substrate. Obtained results might suggest that EP8 is synthesized
de novo during first days of germination.
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1.32.
Principal growth directions in the development
of Arabidopsis thaliana petals
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The continuous and coordinated (i.e. symplastic) growth of plant
organs is known to be of a tensor nature (Hejnowicz and
Romberger, 1984). Its unique features are the principal direc-
tions of growth (PDGs) that are three mutually orthogonal direc-
tions along which growth rates attain extreme values. Numerous
studies have shown that PDGs manifest themselves in cellular
patterns – they affect the orientation of cell divisions and arrange-
ment of cell packets. 

Petals, like other plant organs, grow symplastically. The ques-
tion arises whether the influence of PDGs is manifested in their
structure. We investigated the cellular pattern in the epidermis of
Arabidopsis thaliana petals in different developmental stages.
The adopted staining enabled us to discern the cell packets on the
basis of differences in wall thickness. In general, the packets
develop symmetrically along the proximo-distal axis producing a
fountain-like pattern. For further investigation of petal growth we
used the sequential replica method (Dumais and Kwiatkowska,
2002). The comparison of cellular pattern in the same petal in
two different stages allowed us to evaluate the directions of max-
imal and minimal growth, i.e. strain, for individual epidermal
cells (protocol by Goodall and Green, 1986). The computed direc-
tions correspond to the arrangement of cell packets in petal epi-
dermis. We performed simulations of the growth of Arabidopsis
petal by means of the tensor method with the assumption that the
distribution of PDGs trajectories is symmetrical and resembles
both the computed growth directions and fountain-like cellular
pattern. The tensor field of growth rates was specified and a
model of growth of the whole petal was developed. We used the
same field and tensor method to simulate also the expansion and
divisions of individual cells, so that we were able to generate cell
packets in different parts of the petal. The performed simulations
accurately depict changes in shape and size of the whole petal as
well as the cell packets. Our results demonstrate the significance
of PDGs during petal morphogenesis and growth.
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1.33.
Spatial and temporal distribution of arabino-
galactan proteins in female generative organ 
of Gymnosperms 
Katarzyna Rafińska, Elżbieta Bednarska
Department of Cell Biology, Institute of General and Molecular
Biology, Nicolaus Copernicus University, Gagarina 9,
87-100 Toruń, katraf@umk.pl, ebedn@umk.pl 

Arabinogalactan proteins (AGPs) have been implicated in a vari-
ety of plant development processes including sexual plant repro-
duction. The complex structure of the sugar fraction of AGPs
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makes them a potential source of signaling molecules. The ovule
is an especially interesting organ to study processes of develop-
ment and differentiation because it is composed of two totally dif-
ferent tissue types: sporophytic and gametophytic, which repre-
sent different ploidy levels and variable functions. In angiosperm
plant Arabidopsis thaliana, AGPs are molecular markers for cer-
tain cell and tissue types in very precise stages of sporogenesis
and gametogenesis. 

The aim of this work was to analyze the spatial and temporal
localization of AGPs in the maturing ovule of Larix decidua Mill.
through the use of specific monoclonal antibodies (LM2, JIM4,
JIM8 and JIM13) that bind to structurally complex carbohydrate
epitopes. In the present research  the pattern of distribution of
different AGPs was investigated in successive stages of the ovule
development – from megasporogenesis to the mature gameto-
phyte stage.

AGPs are abundant in the ovule of L. decidua and show char-
acteristic spatial pattern of distribution reflected in the presence of
variable quantities of these proteins within the cells constituting a
different region of the organ. During megasporogenesis the epi-
topes recognized by mAbs LM2, JIM8 and JIM13 were present
throughout the whole ovule. Just after the end of meiosis the signal
from JIM4 appeared only in functional and degenerating megas-
pores. At the stage of free nuclei in female gametophyte, labelling
obtained with mAbs JIM8 and JIM13 was present in gametophyte
and almost all nucellus cells without tapetal cells. Whereas epi-
topes recognized by mAb LM2 were detected only in the cytoplasm
of free nuclei. JIM4 fluorescence was specific for tapetal cells. In a
mature ovule high levels of AGPs were observed especially in the
nucellus. Epitopes recognized by mAbs LM2, JIM8 and JIM13
were also detected in the cytoplasm of the egg cell. 

The results obtained during the research show that the dif-
ferentiation of generative and somatic tissues of the gymnosperm
plants ovule is reflected in the changes in the composition of
AGPs. 

This work was supported by European Social Fund and Kujawsko-
Pomorski Province Council project "Stypendia dla doktorantów
2008/2009" and the Nicolaus Copernicus University grant no. 304-B.

1.34.
Identification of wheat embryo mRNAs
expressed in response to abscisic and gibberel-
lic acid 
Magdalena Simlat, Sylwia Kunka, Maria Moś
Department of Plant Breeding and Seed Science, Agricultural
University of Cracow, Łobzowska 24, 31-140 Kraków, Poland,
msimlat@ar.krakow.pl

The study was performed using isolated wheat embryos which
were incubated in either 100 μM abscisic acid (ABA) or 10 μM
gibberellic acid (GA3). The embryos collected 6, 12, 24 and 48
hours after hormonal treatment as well as untreated controls
were used for RNA isolation and differential display (DDRT-PCR)
analysis of gene expression. Using 18 primers combinations (six
different oligo[dT]NN primers and four random decamers) 41 ABA-
induced and 33 GA3-induced cDNA fragments were identified. Six
of these fragments were cut out from the gel, re-amplified and T/A-
cloned. Sequence analysis of two cloned ABA-specific cDNAs
revealed homology to the genes coding for trehalose-6-phosphate
phosphatase and serine palmitoyltransferase 1 (aminotransferase,
class I and II). Three GA3-induced mRNAs were highly similar to
the gene for the putative gag-pol poliprotein and one to the sur-
roundings of the FL1 gene. Differential expression of the identified
sequences will be verified using real-time PCR.

1.35.
Spatial changes in the degree of symplasmic
continuity in the cambial region of Acer
pseudoplatanus and Populus tremula ×
tremuloides
Katarzyna Sokołowska1, Beata Zagórska-Marek2

1Institute of Plant Biology, University of Wroclaw, Kanonia 6/8,
50-328 Wroclaw, Poland, kasias@biol.uni.wroc.pl 

2Institute of Plant Biology, University of Wroclaw, Kanonia 6/8,
50-328 Wroclaw, Poland, beata@biol.uni.wroc.pl

The degree of symplasmic continuity, the functional aspect of cell-
to-cell communication via plasmodesmata, is seasonally changing
in a cambial region. It is high in a dormant cambium and gener-
ally low in an active one, as visualized by either free or limited
movement of a symplasmic tracer between ray and fusiform ini-
tial cells (Sokołowska and Zagórska-Marek, 2007). Further,
more detailed analysis of fluorescent dye distribution in a cam-
bial region has revealed that the degree of symplasmic continuity
changes not only in time but also in space. In active cambium the
level of symplasmic communication, was either decreasing or
increasing longitudinally from the site of dye application. In some
cases the direction of the observed tendency altered suggesting
that the changes were of a periodic character. It is also possible
that for the certain time period the radial transport of fluorescent
tracer from xylem rays to the cambium (the tracer had been
loaded through the xylem) is more extensive in some areas of a
cambial cylinder than in others. Do these spatial changes show
any dynamics? Are they related to the other periodic patterns
known to exist in cambium, such as domain pattern or auxin
waves? Answering this questions will be possible soon, as the
research is still in progress. 
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1.36.
Production of haploids in oat (Avena sativa L.)
by means of pollination with maize (Zea
mays L.)
Agata Stawicka, Edyta Skrzypek, Izabela Marcińska, 
Ilona Czyczyło-Mysza
Institute of Plant Physiology, Polish Academy of Sciences,
Niezapominajek 21, 30-239 Kraków, Poland, stawicka@gmail.com

Doubled haploids (DHs) became important in crop breeding
because homozygous lines can be made in one generation.
Haploid production is a basic step for obtaining DH plants.
However production of oat DHs still remains inefficient in com-
parison with other crops, e.g. wheat or triticale. The aim of the
study was to improve the method of oat haploid production by
pollination with maize. Oat and maize plants were grown in a con-
trolled conditions in a greenhouse (16h photoperiod, 21/17°C
day/night). Nineteen oat genotypes (derived from polish breeding
stations) differ in drought tolerance, concentration of starch and
fat in grains were used in the experiment. Influence of two auxins:
2,4-dichlorophenosyacetic acid (2,4-D) and dicamba on growth
and development of caryopsis and haploid embryos were investi-
gated. Oat florets were emasculated 2 days before anthesis and
after that they were pollinated with fresh maize pollen collected at
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15 minutes intervals. Next 2,4-D and dicamba were applied to
pistils of oat. The growth regulators showed significant differ-
ences in ovaries enlargement. These after dicamba treatment
were bigger then those after 2,4-D, although there was no signifi-
cant differences in embryos production. The frequencies of
enlarged ovaries and excised embryos strongly differed between
genotypes. In average 85% of pollinated by maize ovaries were
enlarged and 9% of them produced haploid embryos. These
embryos were rescued on the TL3 and 190-2 media modified with
maltose. After ca 3 weeks 30.5% green plants were obtained from
all embryos. There were no albino plants, which are frequently
observed in androgenic cultures.

1.37.
Purification and characterisation of 
protochlorophyllide oxidoreductase A:NADPH
from Arabidopsis thaliana
Anna Stecka1, Beata Myśliwa-Kurdziel1, 
Jolanta Pierścińska1, Wojciech Strzałka2, 
Kazimierz Strzałka1

1Department of Plant Physiology and Biochemistry, Faculty of
Biochemistry, Biophysics and Biotechnology, Jagiellonian
University, Gronostajowa 7, 30-387 Kraków, Poland,
anna_stecka@o2.pl, b.mysliwa-kurdziel@uj.edu.pl, jolkap@wp.pl,
kazimierzstrzalka@gmail.com

2Department of Molecular Genetics. Faculty of Biochemistry,
Biophysics and Biotechnology, Jagiellonian University,
Gronostajowa 7, 30-387 Kraków, Poland, strzalka@if.uj.edu.pl

The light-triggered reaction of Pchlide to Chlide reduction is the
main step in chlorophyll biosynthesis pathway in Angiosperms.
This reaction needs a special enzyme protochlorophyllide oxi-
doreductase (POR), which is light- dependent. Three isoforms of
this enzyme: POR A, POR B and POR C were found in
Arabidopsis thaliana. Knowledge about this proteins is still not
sufficient (Masuda et al., 2003).

Open reading frame of Arabidopsis thaliana PORA was
cloned into pGEX4T1 plasmid. The obtained vector pGEX4T1
PORA was transformed into Escherichia coli strain BL21 and
protein was overexpressed with 1M IPTG for 4 hours at different
temperatures.  The process of purification of POR A was opti-
mized by using sonication, lysozyme and GST affinity chro-
matography. The protein activity was investigated at each step of
its purification, from the step of the supernatant from
Escherichia coli lysate up to the samples of isolated proteins.
Purified protochlorophyllide and NADPH was added to the reac-
tion mixture. Fluorescence spectra at 77K were measured before
and after a flash of light. A relative increase of the fluorescence
intensity at around 680 nm was examined for chlorophyllide,
which is the product of the reaction. A quantitative analysis of the
amount of the product was performed for acetone extract of the
investigated samples.

REFERENCES:
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Isoforms of NADPH : Protochlorophyllide Oxidoreductase (POR),
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1.38.
In search for the mechanism of C4 
photosynthesis intermediate exchange 
between Kranz mesophyll and bundle sheath
cells in grasses
Jarosław Szczepanik, Paweł Sowiński
Departament of Plant Molecular Ecophysiology, University of
Warsaw, Miecznikowa 1, 02-096 Warsaw, Poland,
jarossz@biol.uw,edu.pl, pawes@biol.uw.edu.pl

C4 photosynthesis involves cell-to-cell exchange of photosynthetic
intermediates between the Kranz mesophyll (KMS) and bundle
sheath (BS) cells. This was believed to occur by simple diffusion
through plentiful plasmodesmatal (PD) connections between these
cell types. The model of C4 intermediates' transport was elaborat-
ed over 30 years ago and was based on experimental data derived
from measurements made at the time. Recent advances on plas-
modesmatal ultrastructure throw doubt on these assumptions, so
we proposed that simple diffusion-driven transport of C4 interme-
diates between KMS and BS cells through the plasmodesmatal
microchannels is not adequate to explain the C4 metabolite
exchange during C4 photosynthesis (Sowiński et al., 2008). 

The aim of this study was to search on the alternative mecha-
nisms, involving the participation of desmotubule and/or active
mechanisms as either apoplasmic or vesicular transport. Six grass
species were used as the experimental material: Digitaria san-
guinalis, Echinochloa cruss-galli, Panicum miliaceum, Panicum
maximum, Bouteloua curtipendula and Eraggrostis neomexicana.
Plants were grown in a climate chamber (24°C/22°C day/night, pho-
toperiod of 14/10 h) until 4-th or 5-th leaf stage. To evaluate partic-
ipation of different mechanisms of transport in the C4 metabolite
exchange we used several methods, including an in vivo method of
14C-photosynthate transport, microautoradiography, immunogold
cytolocalisation of proteins and confocal microscope observations. 

REFERENCES:
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1.39.
Immunofluorescence of the microtubular
cytoskeleton of the embryo-suspensor in
Alisma plantago-aquatica
Joanna Świerczyńska, Jerzy Bohdanowicz
Department of Plant Cytology and Embryology, 
University of Gdańsk, ul. Kładki 24, 80-822 Gdańsk, Poland, 
joannasw@biotech.ug.gda.pl, jurboh@biotech.ug.gda.pl

The differentiation of the embryo-suspensor (consisting of basal
cell and a few chalazal cells) in Alisma plantago-aquatica L. were
investigated in comparison with the development of embryo-pro-
per. After fertilization, the zygote divides once, giving rise to a
smaller apical cell and a larger basal cell (BC). The BC undergoes
no division, becomes much enlarged and forms the basal cell of
the suspensor. The apical cell develops into the embryo-proper
and chalazal suspensor. Changes in the pattern of organization of
the microtubular cytoskeleton were visualized after preparation
(Bohdanowicz et al., 2005).

During the initial stage of development of suspensor BC, the
microtubules formed a delicate tubulin network. Some of micro-
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tubules formed irregular bundles in the cortical cytoplasm of the
cell. In the fully differentiated BC, the microtubules were found to
localize from micropylar to chalazal apex of the cell. The micro-
tubules formed a dense intricate network. At the micropylar pole
of the suspensor BC, a large amount of tubulin material was pres-
ent. Numerous of these tubulin filaments were distributed longi-
tudinally or transversally to the long axis of the cell. The large
nucleus of the suspensor BC was located centrally. The micro-
tubules were observed distributed around the nucleus surface. A
distinct tubulin arrays were localized at the chalazal pole of sus-
pensor BC. At all stages of suspensor basal cell development in
the embryo-proper cells an extensive cortical network of micro-
tubular cytoskeleton was observed. These observations suggest
that the microtubules may have a crucial role in the development
of suspensor basal cell in Alisma plantago-aquatica.
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1.40.
Changes of CDPK genes expression during
embryogenesis in Panax ginseng 
rolC-expressing cell culture 2c3
Anna V. Turlenko, Konstantin V. Kiselev
Institute of Biology and Soil Science, Far Eastern Branch of
Russian Academy of Science, 159, Prospect Stoletiya Vladivostoku,
Vladivostok, 690022, Russian Federation,
anna.turlenko@gmail.com, kiselev@biosoil.ru

Embryogenic 2c3 cell culture was obtained as the result of trans-
formation Panax ginseng callus cells with Agrobacterium rhizo-
genes rolC oncogene. We determined that inhibitors of Ca2+-
channels (LaCl3, verapamil, and niflumic acid) certainly lowered
the quantity of 2c3 somatic embryos (Kiselev et al., 2008). It
proved the influence of calcium-dependent signal system on plant
embryogenesis. Protein kinases inhibitors W7 and H7 also low-
ered 2c3 somatic embryos quantity. Next, we analyzed CDPK
genes expression, protein products of which are the main cyto-
plasmic calcium sensors in plant cell (Cheng et al., 2002).
Changes of CDPK genes expression were analyzed using frequen-
cy analysis of RT-PCR products and real-time PCR (Kiselev et al.,
2008). We used ginseng cell cultures with different rolC gene
expression level (2c2- low rolC-expressing, 2cR2- high rolC-
expressing), and different stages of 2c3 somatic embryo develop-
ment. The expression of CDPK genes in 2c3 was the lowest among
all analyzed cultures, and 1.2-1.5 times less comparing with the
control callus culture. Further we analyzed the expression level of
individual CDPK genes.

CDPK expression in 2c3 embryos lowered at the expense of
inhibition of three gene subfamilies PgCDPK1a, PgCDPK1b, and
PgCDPK3a, while the expression of PgCDPK2b and PgCDPK2c
gene subfamilies increased. Further, CDPK gene expression was
analyzed in 2c3 somatic embryo development at different stages.
The expression level of PgCDPK2d subfamily members
(PgCDPK2d1, PgCDPK2ds, and PgCDPK2dL) increased signifi-
cantly at the early stages of 2c3 embryo development. Therefore
we suggested PgCDPK2d members play a role in somatic
embryos development. The kinase domain of these genes was
subjected to insertions and deletions. The observed transcrip-
tional and post-transcriptional modifications of PgCDPK2d genes
could contribute to the formation of rolC-initiated somatic

embryos. Ultimately, it was shown rolC gene expression and
embryogenesis is capable to change expression of definite CDPK
gene forms.
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1.41.
Bioinformatics analysis of four Arabidopsis
thaliana proteins potentially involved in
cytoskeleton-dependent vesicle trafficking
Magdalena Wierzchowiecka, Przemysław Wojtaszek
Department of Molecular and Cellular Biology, Adam Mickiewicz
University, Umultowska 89, 61-614 Poznań, Poland,
m.wierzchowiecka@wp.pl, przemow@amu.edu.pl

An essential, yet still poorly understood, element of the cell wall-
plasma membrane-cytoskeleton (WMC) continuum is its internal
part. Here, the cytoskeleton, anchored to the walls, is responsible
for many processes, among them endo- and exocytosis, organelle
positioning, cytokinesis or membrane trafficking. For a long time
the very existence of endocytosis in plant cells was neglected as
the membrane trafficking against turgor pressure was considered
impossible. However, recent numerous reports indicated clearly
the dynamics of endocytic activities in plant cells, although the
full knowledge about this process in plants is still far from com-
plete.

For this research, four Arabidopsis thaliana proteins
(At4g32160, At3g15920, At1g15240, At2g15900) were selected,
which are suspected to play a role in cytoskeleton-dependent
membrane trafficking. To predict the most probable functions of
those proteins, several bioinformatics analyses were performed.

At4g32160 and At3g15920, contain two important domains:
PX and SPEC/Coil-Coiled, and this might suggests that they are
able to simultaneously interact with membranes and with
cytoskeleton. Judging from the data on animals and yeasts cells,
we assume that they might be responsible for endocytic vesicle
mobility driven by actin polymerization. The main function of PX
domain is the binding of membrane phosphatidylinositols, like
PI(3)P or PI(4,5)P2. It seems that PXs present in At4g32160 and
At3g15920 have all the required amino acids to fulfill such func-
tion. We also suppose that these domains have the ability to bind
P(3)P, which is typical for the endocytic vesicles membranes. On
the other hand, domain SPEC and coiled-coil region, are sus-
pected to interact with the actin cytoskeleton. 

The modular structures of two other proteins: At1g15240
and At2g15900 contain four domains: transmembrane domain,
PXA, PX, and Nexin_C. The presence of Nexin_C domain suggests
that these proteins belong to a family of sorting nexins, and are
responsible for sorting of the endosomes. The occurrence of
transmembrane and PX domains suggests in turn the putative
connection with or the anchorage to the membranes. PXA domain
is usually associated with PX, fulfilling similar functions.

A series of experiments with the use of functional genomics
approaches to confirm and investigate further the functions of
these four proteins is now under way.

This work is funded by a Polish Ministry of Science and Higher
Education grant N N303 360735 to P.W.
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1.42.
Geometric relation between the size of apical
meristem and the lateral organ primordia size
is not the only factor determining floral phyl-
lotaxis in Magnolia
Danuta Wiss, Beata Zagórska-Marek
Department of Plant Morphology and Deveopment, Institute of
Plant Biology, Kanonia 6/8, 50-328, Wroclaw, Poland,
dankaw@biol.uni.wroc.pl, beata@biol.uni.wroc.pl

According to some models (Richards, 1948) the quality of phyl-
lotactic pattern depends upon the ratio of organ size to the size of
meristem (P/M ratio). Intrinsic mechanisms, balancing cell prolif-
eration rate, cellular growth and the size of the cell poll
sequestered for the future lateral organ, should be decisive for the
stability of phyllotaxis. Any change in the proportion of these
parameters should lead to phyllotactic transitions and to increase
in phyllotactic diversity. These theoretical assumptions were put
into test by studying floral meristems of Magnolia, already known
to exhibit greater phyllotactic diversity than any other plant
model system (Zagórska-Marek 1994).

Floral apices representing four taxa of Magnolia: M. × salici-
folia, M. stellata, M. denudata and M. acuminata, were collect-
ed at different stages of their development and measured. Our
study revealed that the two parameters: the primordia size and
the size of the apex itself, changed considerably together with the
developmental phase of flower growth. The elements of perianth,
usually positioned in trimerous whorls, were initiated as large
primordia on the relatively small meristem. Initiation of very
small stamen primordia followed, accompanied by the abrupt
increase in the meristem size. Small values of P/M ratio con-
tributed to the exceptional richness of phyllotactic patterns iden-
tified in this zone. At the moment when the size of the meristem
started to diminish, due to the determinate character of the apex
growth, the primordia of carpels started appearing. These were
bigger than the preceding stamen primordia, and arranged usu-
ally in a new, specific manner, bringing up entirely new spectra of
patterns. Values of P/M ratio calculated for each meristematic
zone with the specific identity of floral organs, were characteris-
tic for each investigated taxon, but comparison of these values
with theoretical data surprisingly showed much greater variabili-
ty of natural phyllotactic patterns than theoretically predicted.
This was especially clear for a carpel zone. Our results imply that
besides the ratio of the organ primordia size to the size of the
meristem, there are other factors, perhaps even different, than
those of purely geometric nature, which determine the initiation
site and consequently the pattern of primordia spacing on the
meristem's  organogenic surface.
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1.43.
ABA regulation of InFCA transcriptional 
activity in Pharbitis nil
Waldemar Wojciechowski, Kamila Kozak, Ewa Wadas,
Weronika Grzegorzewska, Paulina Glazińska, Jacek Kęsy,
Jan Kopcewicz
Department of Physiology and Molecular Biology of Plants,
Nicolaus Copernicus University, Gagarina 9, 87-100, Torun,
Poland, wwojc@umk.pl 

Experiments carried out in a short-day plant Pharbitis nil have
been allowed to identify a number of genes involved in flowering
mechanisms. Apart from the photoperiodic pathway elements,
the genes involved in the functioning of autonomous pathway,
among them InFVE (multicopy suppressor of ira 1) and InFCA
(flowering locus ca) were also described. The function of the
protein encoded by them is repression of transcription activity
of the key flowering inhibitor FLC (flowering locus C). Two sep-
arate mechanism of this repression has been described on the
basis of experiments in A. thaliana. In one of them FCA inter-
acts with another protein FY (FLOWERING LOCUS Y) causing
inadequate premature splicing and polyadenylation of FLC
transcript. The results obtained from A. thaliana investigations
have been suggested that this process is also affected by a plant
hormone ABA. Therefore we decided to study the effect of this
hormone on expression of homologous gene to FCA isolated
from Pharbitis nil.

Expression pattern of InFCA has been examined during
inductive photoperiod in the cotyledons of 5-day old seedlings
treated at the begging of darkness with 1 mM ABA or NDGA an
inhibitor of abscisic acid biosynthesis. Effect of ABA on the
expression of InFCA in seedlings cultivated onto subinductive
conditions has been also investigated. A significant increase in
expression level of InFCA after ABA application in both inductive
and subinductive conditions suggests participation of this hor-
mone in the control of transcriptional activity of InFCA. The
results obtained suggest the ABA participation in the controlling
of the InFCA transcription activity.

1.44.
Activity and transcript level of aldehyde 
oxidase during embryo development and seed
maturation of Pisum sativum
Edyta Zdunek-Zastocka
Department of Biochemistry, Warsaw University of Life Sciences,
Nowoursynowska 159, 02-776 Warsaw, Poland,
edyta_zdunek_zastocka@sggw.pl

Aldehyde oxidase (AO; EC 1.2.3.1) is a molybdenohydroxylase
that catalyzes the last step of two plant hormones biosynthesis,
that are indole-3-acetic acid (IAA) and abscisic acid (ABA). Both
hormones regulate processes during pea embryo development (1-
17 DAA; days after anthesis) as well as seed maturation (20-42
DAA). In developing pea seeds, five AO activity bands (AO-
1,2,3,4,5) were detected after native PAGE with indole-3-aldehyde
as substrate. Only three of them oxidized abscisic aldehyde (AO-
3,4,5). AO-1 was present at the highest activity level from 2 to 10
DAA, slightly lower from 11 to 13 DAA and disappeared at 17
DAA. AO-3 activity was low at 1-3 DAA, gradually increased to
maximum level at 9 DAA (early-cotyledon stage), subsequently
gradually decreased to a very low level at 20 DAA, and appeared
again at 35 DAA. AO-4 and AO-5 activity bands were present only

September 21–25, 2009, Kraków, PolandPLANT STRUCTURE AND DEVELOPMENT

25Vol. 51, suppl. 2, 2009



from 20 DAA, when protein reserves started to accumulate. While
AO-4 was present in mature dry seeds, AO-5 disappeared when
intense desiccation took place (35 DAA). During embryo develop-
ment the AO activity was almost exclusively observed in seed coat.
When the seed maturation started, the seed coat revealed only
AO-3 activity band, cotyledons AO-4 and AO-5 bands, while the
embryo axis AO-3 band. The transcript level of three PsAO genes
was examined during seed development by RT-PCR. The expres-
sion profile of PsAO-3 coincided with the activity changes of AO-
3 isoform and the product of heterological expression of PsAO-3
gene in Pichia pastoris oxidized the abscisic aldehyde, thus it is
predicted that PsAO-3 gene encode the homodimeric AO-3 iso-
form. The transcript levels of PsAO-1 and PsAO-2 genes were the
highest during embrogenesis, and gradually disappeared by day
20 DAA for PsAO-1, and by day 35 DAA for PsAO-2. Considering
the obtained results it can be assumed that AO-3 isoform is most
probably implicated in synthesis of ABA involved in embryogene-
sis and subsequent arrest of embryo growth. AO-4 isoform might
be implicated in synthesis of ABA engaged in storage reserves
accumulation, while AO-5 and AO-3 synthesis of ABA responsible
for acquisition and maintenance of desiccation tolerance and of
seed dormancy. AO-1 isoform most probably is implicated in
biosynthesis of IAA regulating embryogenesis (1–8 DAA) and sub-
sequent embryo growth (9–17 DAA).

1.45.
Nuclear activity in the sperm cells of
Hyacinthus orientalis L. Does sperm cell
nucleus carry to zygote anything else beside
chromatin?
Krzysztof Zienkiewicz, Anna Michalska, 
Katarzyna Niedojadło, Elżbieta Bednarska 
Department of Cell Biology, Institute of General and Molecular
Biology, Nicolaus Copernicus University, Gagarina 9,
87-100, Toruń, Poland, kzienk@umk.pl

The transcriptional state and distribution of splicing machinery
elements and rRNA were investigated in sperm cells and zygote of
Hyacinthus orientalis. The sperm cells were obtain in vitro grow-
ing pollen tubes and the zygotes, after pollination of the pistils.
Nascent transcripts were detected using immunofluorescence
techniques followed the incubation of the material with BrU. Pre-
mRNA splicing molecules (TMG snRNA and SC35 protein) were
localized using immunofluorescence techniques. Transcripts of
rRNA were detected using fluorescence in situ hybridization (26S
rRNA probe and ITS rRNA probe).

The obtained results have shown that the division of the gen-
erative cell occurred in pollen tubes after 8–12 h of growth in the
medium containing molecules from pollinated pistils. Just after
their origin, the young sperm cells were shown to be transcrip-
tionally active, although the level of the nascent transcripts was
markedly lower than in pollen tube nucleus. In the nucleus of
both, the pollen tube and sperm cells, molecules involved in pre-
mRNA maturation have been found. At later steps of pollen tube
growth (24–36 h) both, vegetative and sperms nuclei were tran-
scriptionally silent and elimination of the splicing machinery ele-
ments was indicated. These results suggest that in the sperm cells
pre-mRNA maturation process proceeds. Analysis of the ITS
rRNA and 26S rRNA localization showed that the sperm nuclei
are devoid of the nucleolus. 

Just after fertilization the restart of RNA synthesis and high
levels of splicing molecules were indicated in the zygote. At this
time of development in the nucleolus of the zygote low level of
rRNA nascent transcripts was detected only around NOR. During

first embryonic interphase the second nucleolus was forming and
increased level of ITS and 26S rRNA was observed. 

Basing on these results we postulate that in H. orientalis: (1)
sperm cells don't deliver into zygote any male transcripts, splic-
ing molecules and nucleolar molecules, (2) zygotic genes are acti-
vated just after fertilization and factors for the processing of new
"somatic" transcripts are synthesized further in the development,
(3) the activation of male NOR genes take place after restart of the
nuclear transcription.

This work was supported by the grant of Polish Ministry of Science and
Higher Education no N N303 290434.

1.46.
Hydroxyurea-induced replication stress 
up-regulates cyclin B1 and creates 
intrachromosomal gradients of chromatin 
condensation 
Aneta Żabka, Janusz Maszewski
Department of Cytophysiology, Institute of Physiology, Cytology
and Cytogenetics, University of Łódź, Pilarskiego 14,
90-231 Łódź, Poland, zabkka@poczta.onet.pl,
jamasz@biol.uni.lodz.pl

Although root meristem cells of Allium cepa exposed to the pro-
longed incubation with 0.75 mM hydroxyurea (HU; an inhibitor of
ribonucleotide reductase) accumulate mainly in late S- and G2-
phases of the cell cycle (as evidenced by Feulgen-DNA cytophotom-
etry), a small amount of elongated cells with atypical mitotic divi-
sions has been continuously observed within the whole period of
replication stress, some of them indicating apparent symptoms of
premature chromosome condensation (PCC). Induction of the PCC-
like state is restricted merely to a subpopulation of cells with
almost completely replicated DNA. While a considerable drop in the
frequency of M-phase cells reflects the secondary effect of the block
imposed upon DNA synthesis (S-phase checkpoint), a minor frac-
tion of PCC cells has to be viewed as a consequence of mechanisms
which override the DNA stress-response pathway and permit to
proceed towards premature mitosis regardless of incomplete
nuclear DNA replication. Together with cells showing typical fea-
tures of an unscheduled mitotic division, some PCC-cells reveal
spatio-temporal gradients of chromatin states characteristic for
various periods of S-phase (evidenced using BrdUrd) and an
abnormal pattern of mitotic condensation, characterized by a gra-
dient of chromatin states (spanning within individual chromo-
somes from interphase to metaphase). While anti-β tubulin-stained
PCC-cells revealed mitotic spindles with regular arrays of micro-
tubules, the most common site of preprophase bands  in cells
showing progressive gradients of chromatin condensation correlat-
ed well with a discrete area of chromatin positioned close to the
transitory region between the decondensed nucleoplasm and the
structures typical for initial stages of prophase.

To elucidate an unusual mode of mitotic behavior in cells
exposed to prolonged HU-treatment, there is a need to accept func-
tional predominance of mitotic activators (such as cyclin-depend-
ent kinases) over those factors (such as ATM and ATR kinases),
which efficiently promote replication checkpoint control mecha-
nisms to prevent cells from entering nuclear division. By using
immunocytochemical methods, we have demonstrated that, pro-
longed HU-treatment (compared with the control cells), brings
about a considerably increased accumulation of cyclin B1 and that
intracellular gradients of this protein may provide direct link
between a specific spatio-temporal distribution of the threshold
concentration of the active M-phase CDKs and a wide range of
structural changes extending from interphase to mitosis.
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2.1.
Using pathogen effectors to investigate host
resistance mechanisms 
Jonathan D.G. Jones, Eric Kemen, Kee-hoon Sohn,
Georgina Fabro, Jorge Badel, Sophie Piquerez 
Sainsbury Lab, Norwich, UK,
jonathan.jones@sainsbury-laboratory.ac.uk

Plant pathogens use small molecules and also proteins to render
their hosts susceptible. Many bacteria and other pathogens use a
specialized secretion system to deliver proteins into host cells
that interfere with host defence. We have taken advantage of the
bacterial type III secretion system (T3SS) to investigate effectors
from filamentous pathogens such as oomycetes. We are using
T3SS delivery of oomycete effectors from Pseudomonas sp. to
investigate the effector complement of the downy mildew
pathogen Hyaloperonospora parasitica (Hpa). I will report recent
data on Hpa effector functions and on the use of the
Solexa/Illumina sequencing instrument to advance our under-
standing of Hpa pathogenicity.  We are using Illumina paired read
sequencing and Velvet software (Zerbino and Birney, Genome
Research, 2008) to assemble sequences of multiple races of
another oomycete pathogen, Albugo candida, which is particu-
larly effective at shutting down host defence. The analysis of its
effectors is likely to provide very interesting new insights into host
defence mechanisms. In addition, we are using T3SS delivery of
oomycete effectors to investigate the molecular basis of
pathogen/host specificity and non-host resistance. An update on
recent progress will be presented.

2.2.
Dissecting grass-endophyte literature
Kari Saikkonen
MTT Agrifood Research Finland, Plant Production Research, Plant
Protection, FIN-31600 Jokioinen, Finland, kari.saikkonen@mtt.fi 

Endophyte-grass symbiosis is considered to be a classic example
of microbe-plant symbiosis in which the fitness of the microbial
symbiont and its host plant are closely linked, and thus, pre-
sumed to align the interests of partners toward mutually benefi-
cial cooperation. In the symbiosis fungal hyphae grow intercellu-
larly and asymptomatically throughout the above-ground tissues
of the host grass. While growing into the developing inflorescence
and seeds, the fungus is vertically transmitted from maternal
plant to offspring. Grass endophytes are generally considered to
be mutualists because (i) the fungus subsists entirely on the
host's resources, and the fitness of an endophytic symbiont that
has lost or limited opportunities for contagious spread by spores
depends largely on fitness of the host plant, and (ii) the host
receives benefits through increased resistance to herbivores,
pathogens and drought and flooding stress, and enhanced com-
petitive abilities. Using meta-analyses, I reveal that the reasons
for the strong mutualistic stamp of endophytes is, however, large-
ly historical and system-based. Although ecological, evolutionary,
mycological and agronomical studies involving fungal endophytes
in grasses have proliferated within past decades, the conceptual
framework for endophyte-grass interactions has largely been
based on endophyte-plant-herbivore studies of two, economically
important, artificially selected and introduced agricultural grass
species, tall fescue and perennial rye grass. Consistent with con-

ventional wisdom, the meta-analysis indicates that endophytes
slightly increase grass resistance to herbivores. However, endo-
phytes appear not to affect plant performance or competitive abil-
ity. Furthermore, the positive effects of endophytes on the host
grass appear to be dependent on genetic variation in the host and
endophyte, and be more pronounced in high nutrient soils. These
results suggest that the agronomic grass model systems fail to
capture the breadth of variability inherent in the wild grass-endo-
phyte populations and communities. I propose that endophyte-
grass interactions are much more complex than described in past
literature. Like any other biological species-species interactions,
endophyte-grass interactions may involve selfishness, cheating
and power-struggle between the partners leading to a continuum
of the interactions from antagonistic to mutualistic and occasion-
al mutualism breakdown.

2.3.
Plant-microbe interaction in the rhizospere – 
a metabolomic approach 
D. Scheel, V. Arbona, C. Bernstein, 
E. von Roepenack-Lahaye
Leibniz Institute of Pflant Biochemistry, Department of Stress and
Developmental Biology, Weinberg 3, D-06120 Halle, Germany,
dscheel@ipb-halle.de

Plants and microbes communicate in the rhizosphere via secret-
ed small molecules. A non-targeted metabolomic approach was
applied to analyze the complex pattern of compounds possibly
involved in interorganismic signaling. Arabidopsis thaliana
seedlings were co-cultivated in hydroponic culture with the mutu-
alistic root endophyte, Piriformospora indica, or the pathogenic
Oomycete, Phytophthora infestans, for which Arabidopsis
thaliana is not a host plant. Upon co-cultivation for two weeks,
methanolic extracts were prepared from roots and leaves of the
plantlets, as well as of fungal and Oomycete mycelia. In addition,
the culture medium was reduced and pre-fractionated by solid-
phase extraction. All extracts were analyzed by non-targeted
metabolite profiling using UPLC-ESI-QTOF-based mass spec-
trometry, which has the potential to detect a broad spectrum of
mostly secondary metabolites. Differential metabolite patterns
were detected in culture media, roots and mycelia of co-cultivat-
ed versus individually grown plants and fungus or Oomycete.
Most recent results on the metabolite-based analysis of these
mutualistic and pathogenic interactions will be presented.
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2.4.
Relationships between arbuscular mycorrhiza
development, NtEXPA5 expression 
and microtubules rearrangement in Nicotiana
tabacum L. mycorrhized roots
Magdalena Wiśniewska, Władysław Golinowski
Department of Botany, Warsaw University of Life Sciences,
Nowoursynowska 159, 02-776 Warsaw, Poland,
mag_wissniewska@wp.pl

Arbuscular mycorrhiza (AM) is the  widespread mutualistic sym-
biosis in plant kingdom, known to increase nutrient uptake from
the soil and increase plant resistance against biotic and abiotic
stressors. In these associations, a key structural process is the
development of arbuscules, where bidirectional exchange of phos-
phorus and carbohydrates take place. As fungi hyphae are separat-
ed from the host cell cytoplasm by a host-derived  membrane and
interfacial matrix, this apoplastic compartment  besides the role in
nutrient transfer must play also a role in controlling fungi spread
inside the root cells. We investigated the spatial pattern  of micro-
tubules – cytoskeleton elements strictly connected with cell wall syn-
thesis and immunolocalized an expansin NtEXPA5, extracellular
protein modifying the cell wall matrix. During AM development
microtubules have been tightly correlated with large arbuscule
branches. Expansin has been immunolocalized mainly in the inter-
facial matrix of growing hyphae tips, arbuscule ramification,  and
around small, active arbuscule branches. This results point to not
only an important role of both expansin and microtubules in prop-
er AM development, but also suggests that microtubule rearrange-
ment and expansin distribution are in some way correlated.

This research was supported by Ministry of Science and Higher
Education, Polish Scientific Committee grant No. N301 018 32/0952 

2.5.
Full-size ABC transporters from the ABCG
subfamily in Medicago truncatula
Michal Jasinski1, Joanna Banasiak1, Marcin Radom2,
Marek Figlerowicz1

1Institute of Bioorganic Chemistry PAS, Noskowskiego 12/14,
61-704 Poznań, Poland, jasinski@ibch.poznan.pl,
joaban@ibch.poznan.pl, marekf@ibch.poznan.pl 

2Institute of Computing Science, Poznań Institute of Technology,
Piotrowo 2, 60-965 Poznań, Poland, mradom@cs.put.poznan.pl 

ATP binding cassette (ABC) proteins occur in all living species.
Most of them are involved in a trans-membrane transport of a
great variety of molecules. These proteins possess a well defined
modular type of organization and distinctive domains which are
well conserved among all family members. Full size ABC trans-
porters belonging to the ABCG subfamily are unique for plants
and fungi. There is growing evidence that certain of these proteins
play a role in plant defense or signaling systems. Genes encoding
full size ABCG proteins in Arabidopsis thaliana and Oryza sati-
va were tentatively organized into several groups (Jasiński et al.,
2003). Although legumes are the third largest plant family in the
world and the second most important crop family, our knowledge
concerning legume ABC transporters is limited. Recently,
domain-based clustering analysis made for Lotus japonicus has
predicted the presence of at least 12 ABCG proteins in this organ-
ism (Sugiyama et al., 2006). Here we identify and classify 19

genes coding full size ABCG proteins in Medicago truncatula
(Jasiński et al., 2009). We found that majority of these genes are
well expressed in roots. Expression of several is induced upon
pathogenic or symbiotic infection and a few are expressed in spe-
cific for legume root nodules. The data presented are the first
glimpse of evidence concerning full size ABCG transporters in
this model legume plant thus providing a scaffold for further
studies of their physiological function and possible role in the
modulation of plant interactions with other organisms. 

REFERENCES:
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2.6.
Development of syncytia induced by potato
cyst nematode in roots of transgenic plants with
silenced expression of susceptibility genes 
M. Sobczak1, S. Janakowski1, S. Fudali1, W. Kurek1, 
A. Karczmarek2, M. Griesser3, A. Goverse4, H. Helder4, 
F. Grundler3, W. Golinowski1
1Department of Botany, Warsaw University of Life Sciences (SGGW), 
Warsaw, Poland

2Swammerdam Institute for Life Sciences, University of Amsterdam, 
the Netherlands

3Institute of Plant Protection, University of Natural Resources and
Applied Life Sciences, Vienna, Austria

4Laboratory of Nematology, Wageningen University, the Netherlands

Potato and tomato lines with enhanced resistance to Globodera
rostochiensis obtained via post-transcriptional silencing of cel7
and cel9C1 endoglucanase genes and LeEXPA5 expansin gene
were generated. These plants were used for microscopic exami-
nations to analyse cytological and histological patterns of syn-
cytium development.

In all examined transgenic lines syncytia were induced in corti-
cal parenchyma cells and spread toward vascular cylinder where
pro/cambial and pericyclic cells were incorporated. In cel9C1-
silenced potato line all parenchymatous vascular cylinder cells
were incorporated into syncytium at 7 DAI. No divisions of peri-
cyclic cells leading to neither the formation of regular peridermis-
like cover tissue surrounding syncytia, nor differentiation of
pro/cambial cells into new conductive elements occurred around
syncytia. Syncytia were relatively small and composed of several
slightly hypertrophied cells. Syncytial elements were interconnect-
ed by few and narrow cell wall openings. At the ultrastructural level
syncytial cytoplasm proliferated and became electron dense, but
central vacuoles were usually preserved. Syncytial nuclei enlarged
and acquired amoeboid shapes. Syncytial cell walls remained thin,
but at different locations irregular cell wall depositions and numer-
ous paramural bodies were formed. Similar reactions were also
observed in cel7- and LeEXPA5-silenced lines, but fewer cells were
incorporated into syncytium and peridermis-like layer was formed.
In contrast to syncytia induced in endoglucanase-silenced lines, in
LeEXPA5-silenced lines syncytial cytoplasm became electron-
translucent and necrotised since 5 DAI.
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2.7.
Specific phosphorylation of conserved 
eukaryotic protein SGT1 is an essential 
element of plant pathogen defense
Sabina Zuzga, Rafał Hoser, Jacek Hennig, 
Magdalena Krzymowska
Laboratory of Plant Pathogenesis, Institute of Biochemistry and
Biophysics, Polish Academy of Sciences, Pawinskiego 5a,
02-106 Warsaw, Poland, sabinazuzga@ibb.waw.pl

SIPK, a MAP kinase that is rapidly activated in response to
pathogen challenge, is involved in induction of defense-related
genes and HR cell death. The ubiquitin ligase-associated co-chap-
erone protein SGT1 has been shown to be required for plant
immune responses, cell death and hormone signaling. Despite
the knowledge that both SGT1 and SIPK orthologs are required
for R-gene mediated resistance, the functional relationship
between these two signaling molecules has remained unexplored.
Using mass spectrometric (LC-MS-MS/MS) analysis, we showed
that in tobacco SGT1 undergoes specific phosphorylation by
SIPK in the canonical MAPK target-SP-motif. Heterologous tran-
sient complementation assay in Nicotiana benthamiana was
used to study the significance of this phosphorylation in the abil-
ity of plants to mount effective defense against pathogen infection.
Site-directed mutations that alter this motif result in impaired
TMV resistance, indicating a functional role for SGT1 phospho-
rylation in controlling resistance to viral infection. Consistent
with this, transgenic tobacco plants that are altered in SIPK
expression are also compromised in their resistance to TMV.

The phosphorylation site lies within a highly conserved
domain of SGT1 referred to as SGS (SGT1-specific), the disrup-
tion of which leads to loss of many SGT1 activities in plant stress
signaling. The same canonical MAPK phosphorylation motif is
present in most known plant SGT1 proteins, and in the yeast
Saccharomyces cerevisiae Sgt1, but is absent from the metazoan
orthologs. Phosphorylation can affect various properties of pro-
teins: subcellular localization, ability to form complexes, stabili-
ty, conformation, binding of divalent cations. Currently, we
explore which of them are regulated by posttranslational modifi-
cation of SGT1 and may be related to SGT1 function in plant
defense signaling.

POSTERS

2.8.
Induction of certain defense-associated genes
is dampened during immunization of tobacco
with hydrogen peroxide against localized viral
symptoms
R. Bacsó, Y.M Hafez, A. Künstler, L Király
Plant Protection Institute, Hungarian Academy of Sciences, P.O.
Box 102, 1525 Budapest, Hungary; bacso@nki.hu, lkir@nki.hu 

The hypersensitive type of resistance (HR) to plant pathogen
infections is associated with the accumulation of reactive oxygen
species (ROS). Earlier we have demonstrated that low concentra-
tions (5–10 mM) of hydrogen-peroxide (H2O2) can suppress cell-
and tissue death caused by various biotic stresses in tobacco
(Hafez et al., 2004).  

Here we show that immunization of tobacco to local symp-
toms caused by Tobacco mosaic virus (TMV) with low concen-
trations of H2O2 results in suppression of the number and size of
HR-type necrotic lesions. On the other hand, viral concentrations
do not change in the H2O2-treated plants as assayed by ELISA.
Furthermore, immunization of tobacco with H2O2 dampens the
induction of certain defense-associated genes that encode pro-
teins necessary for the storage of salicylic acid (SA), a plant resist-
ance inducer.  Induction of this type of genes, such as a SA
methyltransferase (NtSAMT) and an UDP-glucose:SA glucosyl-
transferase (NtUDPG-Tr) during TMV-infection is considerably
weaker in H2O2-treated plants than in control (water-treated)
plants as assayed by qRT-PCR. This could possibly indicate that
immunization with H2O2 against a localized viral infection may
operate through increased mobilization of free (unbound) sali-
cylic acid.  

This research was supported by a grant from the Hungarian Scientific
Research Fund (OTKA AT048866)
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2.9.
Draft genome sequence analysis to identify 
regulatory mechanism of Type III Secretion
System in Pseudomonas syringae pv. tabaci
strain IBB1
Fabian Giska, Magdalena Krzymowska, Jacek Hennig
Institute of Biochemistry and Biophysics, Polish Academy of
Sciences, Pawinskiego 5a, 02-106 Warsaw, Poland,
fabek@ibb.waw.pl

Pseudomonas syringae is a model plant pathogenic bacterium
which uses Type III Secretion System (TTSS) to inject effector
proteins and others virulence factors into host cells. The effectors
serve as factors disrupting cell defence and metabolism to bene-
fit bacterial growth. In our previous studies, using LC-MS-MS/MS
profiling, we have identified a strain of P. syringae pv. tabaci
(referred to as IBB1) that is capable to secrete 17 effectors in cul-
ture, while other P. syringae strains tested secrete only a few
effectors at the same conditions.
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To find factors contributing to this phenomenon we decided to
analyze genome sequence of the interesting strain. The sequencing
was performed using 454 Life Sciences (Roche) technology. The
assembling process yielded: sequence of chromosomal DNA 5,93
Mbp in size, with near 100% coverage in comparison with previ-
ously published sequence of P. syringae pv. phaseolicola 1448A
(Ac no. NC_007273) as a reference sequence, sequence of plasmid
DNA (near 100% coverage, Ac no. NC_005773) and small part of
sequence of a second plasmid (Ac no. NC_007275). Since the two
P. syringae strains show important differences in pathogenesis
process, we expected the repertoire of the effectors had diverged
significantly. Surprisingly, the draft genome sequence analysis
showed very strong similarity between IBB1 and 1448A strains,
including the genes encoding effectors. Comparison of the genome
sequences revealed, however, differences in the sequences coding
for proteins belonging to TTSS regulatory machinery. Preliminary
investigations indicate that those differences can underlie the capa-
bility of strain IBB1 to secrete large number of the effectors in the
inducing medium. In our further research we address the question
how the sequence divergence may affect the TTSS regulation.

2.10.
rosR and pssA genes are involved 
in exopolysaccharide production, symbiotic
competitiveness and clover nodulation in
Rhizobium leguminosarum bv. trifolii strains
Monika Janczarek, Michał Kalita, Anna Skorupska
Department of Genetics and Microbiology,
Marie Curie-Skłodowska University, Akademicka 19,
20-033 Lublin, Poland;  mon.jan@poczta.umcs.lublin.pl,
michal.kalita@poczta.umcs.lublin.pl,
anna.skorupska@poczta.umcs.lublin.pl

Rhizobium leguminosarum bv. trifolii produces large amounts of
exopolysaccharide (EPS) which plays an important role in the estab-
lishment of effective symbiosis with clover plants. The pssA gene
encodes the glucosyl-IP-transferase engaged in the first step of EPS
repeating units synthesis (Janczarek et al., 2009). The rosR gene
codes for a positive transcriptional regulator involved in the regula-
tion of EPS biosynthesis (Janczarek, Skorupski, 2007). Mutation in
pssA resulted in a total lack of EPS and rosR mutation substantial-
ly decreased the amount of produced EPS. Both mutants induced
nodules on clover but the bacteria were unable to fix nitrogen.
Defective functions of pssA and rosR mutants were fully restored by
wild type copies of the respective genes. Introduction of multiple
copies of rosR and pssA genes on the broad-host-range plasmid vec-
tor pBBR1MCS-2 into five isolates of R. leguminosarum bv. trifolii
resulted in significantly increased growth rates, EPS production and
the number of nodules on clover roots. Significant increase in fresh
and dry shoot mass of clovers and nodule occupation was also
observed. Additional copies of pssA and rosR genes caused nearly
twofold increase of competitiveness of tested strains in relation to
the wild type parental strains. Our data suggest that increased
amount of EPS beneficially affects R. leguminosarum bv. trifolii
competitiveness and symbiosis with clover. 

This work was supported by grant from the Ministry of Science and
Higher Education no N N303 092234.
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2.11.
Early flax response to Fusarium
Kamil Kostyn, Magdalena Czemplik, Tadeusz Czuj, 
Anna Kulma, Jan Szopa
Department of Biotechnology, University of Wrocław, 
Przybyszewskiego 63/77, 51-148 Wrocław, Poland,
kamilkostyn@tlen.pl, czemplik@ibmb.uni.wroc.pl,
thadeus@ibmb.uni.wroc.pl, kulma@ibmb.uni.wroc.pl,
szopa@ibmb.uni.wroc.pl

Fusarium is the most common flax pathogen causing serious
plant diseases and in most cases leading to plant death. The iden-
tification of the plant genes, which respond to infection, and gen-
eration of suitable transgenic plants is the approach that has been
used in this study. Forty-seven flax genes have been identified by
means of cDNAs subtraction method as those, which respond to
pathogen infection. Subtracted genes were classified into several
classes and the prevalence of the genes involved in the broad
spectrum of antioxidants biosynthesis has been noticed. By
means of semi-quantitative PCR and metabolite profiling, the
involvement of subtracted genes controlling phenylpropanoid
pathway in flax upon infection was positively verified. The data
from transgenic flax analysis confirmed protection effect of
phenylpropanoid compounds against Fusarium infection. We
identified the key genes of this compounds synthesis that enabled
us to create plants with modified levels of phenylopropanoids
thus confirming the important function of those genes in flax
resistance to fungi infection. To our best knowledge this is the
first report to describe genes and metabolites of early flax
response to pathogens studied in a comprehensive way. 

2.12.
Purification, molecular cloning and 
characterization of antimicrobial proteins 
from scots pine seedlings
Valentyna Kovalova1, Ivan Gout2, and Roman Gout1

1Department of Forestry, National Forestry University of Ukraine,
Chuprynka S., 103, 79057 Lviv, Ukraine, vakovaleva@yahoo.com,
romangout@yahoo.com

2University Collage London, Gower Street, WC1E 6BT London,
United Kingdom, i.gout@biochem.ucl.ac.uk

The expression of antimicrobial peptides (AMPs) is a universal
mechanism by which plants respond to a wide spectrum of biot-
ic and abiotic stress factors. The family of plant AMPs is very
diverse and includes chitinases, ribosome-inactivating proteins,
inhibitors of serine and cysteine proteases, lipid-transfer pro-
teins, defensins and etc. 

In this work we describe a novel protocol for the purification
of antimicrobial peptides from Scots pine seedlings. Using cation-
exchange chromatography on phosphocellulose column, we puri-
fied nearly to homogeneity two proteins which were identified by
mass spectrometry as defensin and lipid-transfer protein. We
demonstrated their growth inhibitory effects against a group of
phytopathogenic fungi. We found that Scots pine defensin inhibit-
ed the growth of Fusarium sp., Botrytis cinerea and
Heterobasidion annosum mycelium at concentration < 1 μM,
and caused morphological changes of hyphae. 

Furthermore, we report for the first time molecular cloning
and characterization of defensin 1 cDNA from Scots pine. To elu-
cidate the role of Scots pine defensin in plant's response to vari-
ous environmental stresses we have produced recombinant pro-
tein in bacterial expression system. We found that the antifungal
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activity of recombinant pine defensin is similar to that of endoge-
nous protein. Finally, we have generated specific polyclonal anti-
bodies against defensin that would allow us to study the expres-
sion of PsDef1 in different organs of Scots pine at various stages
of development and in response to pathogenic factors.

2.13.
Endogenous defence receptors coincide with
PAMP-perception systems
Elzbieta Król1, Michael Arents2, Dirk Becker2, 
Halina Dziubińska1, Kazimierz Trębacz1, Rainer Hedrich2

1Department of Biophysics, Institute of Biology,
Maria Curie-Skłodowska University, Akademicka 19,
20-033 Lublin, Poland, ela.krol@poczta.umcs.lublin.p, 
dziub@biotop.umcs.lublin.pl, kazimierz.trebacz@umcs.lublin.p; 

2Julius-von-Sachs Institute of Biosciences, Molecular Plant
Physiology and Biophysics, University of Würzburg,
Julius-von-Sachs Platz 2, 97082 Würzburg, Germany,
michael.arents@botanik.uni-wuerzburg.de,
dbecker@botanik.uni-wuerzburg.de,
hedrich@botanik.uni-wuerzburg.de 

Pathogen-derived molecules (PAMPs) serve as recognition pat-
terns through binding to plant plasmalemma receptors. Upon of
PAMP-binding membrane depolarization represents one of the
first symptoms to be recognized. It is believed that the presence
of microbial pathogens is communicated between plant cells
through so called endogenous peptide elicitors such as AtPep1,
AtPep2, AtPep3. Here we examined PEP-induced membrane
potential changes in mesophyll cells of Arabidopsis thaliana.
Following application of these peptide elicitors, dose-dependent
membrane potential changes were evoked via activation of chlo-
ride-channels, reaching a maximum of 79 ± 10 mV (n=13) with
10 nM AtPep1. On the top of AtPep1-induced membrane potential
changes further depolarizations were observed in response to the
bacterial elicitors; flg22 or elf 18. Among all elicitors tested, flg22
was the most efficacious one, resulting in depolarizations of 98 ± 17
mV(n=12), while the action of elf18 (80 ± 20 mV n=12) was com-
parable to AtPep1.

BAK1 is a receptor-like kinase reported to form a complex
with the flagellin (flg22) receptor FLS2 during flg22 perception.
Bak1-4 mutants exhibited attenuated responses to all elicitors
employed, generating depolarizations of 47.2 ± 12.4 mV (n=4),
42.7 ± 5.4 mV (n=4), 47.8 ± 15.7 mV (n=6) in response to
AtPep1, flg22 and elf18, respectively. Moreover, depolarizations
could be triggered literally one on another. We thus conclude, that
the three receptor systems examined here (namely PEPR, FLS,
EFR) although acting independently from each other, share a
common receptor subunit represented by the BAK1 kinase,
capable of augmenting the action of each of them.

A financial support by AvH Foundation POL 1121925 and Polish
Ministry of Education NN301 464534 is gratefully acknowledged.

2.14.
What’re you gonna do if you catch me?  
Black spot disease of Brassica oleracea from
transcriptome profile changes to cell death
Violetta K. Macioszek1, Agnieszka Żmieńko2, 
Marek Figlerowicz2, Andrzej K. Kononowicz1

1Department of Genetics, Plant Molecular Biology and
Biotechnology, University of Łódź, S. Banacha 12/16,
90-237 Łódź, Poland, violma@biol.uni.lodz.pl,
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2Institute of Bioorganic Chemistry, Polish Academy of Sciences,
Noskowskiego 12/14, 61-704 Poznań, Poland,
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Black spot is the one of the most devastating disease of Brassica
crop caused by Alternaria brassicicola, the necrotrophic fungus
responsible for temporary epidemics on the cabbage plantations
all over the Europe. This fungus breaks the defense barriers of
the host plant mainly through its phytoalexins detoxification. The
process of A. brassicicola recognition during compatible/incom-
patible interaction remains unknown. However, the role of RLKs
(Receptor-Like Kinases) and TNL (TIR-NB-LRR) receptors in the
recognition by plant of necrotrophic fungi has been confirmed
recently. Another question without the answer is, how plant cell
dies during attack of necrotrophic fungi and disease develop-
ment? Is it "active" cell death (programmed cell death)? What kind
of signaling pathways are responsible for spreading or not the cell
death signal and what kind of genes are involved in? 

Here we show changes in the global transcription profile of
Brassica oleracea at early stages (12, 24 and 48 hpi) of A. bras-
sicicola infection (DNA microarray) and expression changes of
some important genes such as defense responsive, pathogenesis-
related and associated with the host cell death (Real-Time PCR).
Our research focuses particularly on the symptoms of cell death,
especially chlorophyll degradation and DNA damage examined by
TUNEL assay and DNA electrophoresis, respectively. 

This work was supported by grant of Polish Ministry of Science and
Higher Education N302 318833.  

2.15.
Direct observation of microbial distributions in
the rhizosphere and near-root zones: 
combining plastic film sampling with modern
molecular, chemical and structural techniques
Olena Moshynets1, Anna Koza2, Svetlana Shpylova3, 
Andrew Spiers2

1Department of Cell Regulatory Mechanisms, Institute of Molecular
Biology and Genetics NAS of Ukraine,150 Zabolotnoho,
0314  Kiev, Ukraine, moshynets@gmail.com

2SIM BIOS, University Abertay Dundee, Kydd Building,
DD1 1HG Dundee, Scotland, UK, a.koza@ abertay.ac.uk,  
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3Department of Cell Regulatory Mechanisms, Institute of Molecular
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Plant growth promoting rhizobacteria (PGPR) inhabit rhizos-
phere region as well as the surfaces of plant roots, and play an
important role in plant health and crop productivity. Biological,
chemical and physical interactions between members of the com-
munity and with plants occur over a wide range of physical scales,
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making the investigation technically challenging. Although the
physical structure of the soil and root surfaces is recognized to
play a significant role in the distribution of bacteria and the for-
mation of local microbial assemblages (cenosis), direct investiga-
tion of the interaction between structure and community is hin-
dered by an inability to recover samples without disturbing struc-
ture. Here we describe a plastic-film technology which is compat-
ible with modern microbial techniques such as fluorescent
microscopy, FISH, DNA isolation and direct PCR amplification. In
preliminary in vitro tests, we demonstrate bacterial attachment
and detachment using the soil bacterium Pseudomonas putida
KT2440, and the rhizosphere bacterium P. fluorescens SBW25
(both are regarded as PGPR). Bacterial attachment was found to
be enhanced by pre-treating the films in soil water. Genomic DNA
could be isolated from SBW25 attached to film samples using a
genomic isolation kit, and direct PCR amplification of the 16S
DNA sequence was possible using standard PCR conditions and
Taq polymerase. Both flexible and more rigid plastic films have
been tested in soil and rhizosphere microcosms, where fluores-
cent microscopy has been used to assess the interactions between
GFP-tagged SBW25 and the native soil microbe community.
Preliminary CT (Computerized Axial Tomography) scans suggest
that the exact positioning of the film with regard to soil pores,
aggregates and plant roots is possible. This combination of mod-
ern molecular, chemical and structural techniques presents a
powerful new tool with which to examine microbial communities
in soil and the rhizosphere.

2.16.
The search for bamboo endophytes: on the
crossroads of different methodologies
Olena Moshynets1, Koen Crauwels2, Vitaliy Kordyum1

and Geert Potters2

1Institute of Molecular Biology and Genetics, National Academy of
Sciences of Ukraine, Zabolotnoho Street 150, 03143 Kiev,
Ukraine, moshynets@gmail.com

2Dept of Bioscience Engineering, University of Antwerp,
Groenenborgerlaan 171, B-2020 Antwerpen, Belgium,
geert.potters@ua.ac.be

Plants are constantly involved in interactions with a wide range of
bacteria, living in the rhizosphere (rhizobacteria), on the surface
of the leaves (epiphytes) or inside the plant tissues (endophytes).
Endophytes have been indicated to present in most healthy plant
tissues, including flowers, fruits, leaves, stems, roots and seeds.
Moreover, at least some of these endophytes prove beneficial for
the plant, impacting on different aspects of plant physiology, such
as stimulation of plant growth, nitrogen fixation and induction of
resistance to plant pathogens. Unfortunately, little is known
about the large majority of the ecological relations between bacte-
ria and plants – which is even more deplorable given the poten-
tial role of bacteria in the establishment and the success of dif-
ferent phytotechnical approaches such as biofertilization, biore-
mediation, sustainable agriculture and energy production. 

A plant taxon that is widely acknowledged as an important
crop worldwide, is the group of the bamboos. In contrast, howev-
er, there is a lack of knowledge regarding our knowledge on its
bacterial endophytic communities. Combining three approaches,
(1) direct cultivation, (2) DNA extraction and analysis and (3) in
situ microscopy, we set out to observe the endophytic communi-
ty composition in Phyllostachys atrovaginata and P. humilis.  

PCR amplification using 16S rRNA flanking primers was
attempted both of the microbial communities which were isolat-
ed and grown in pure culture, as well as of the DNA isolated

directly from cut plant tissue. Sequence analysis indicated that
among the endophytes of the shoots of P. atrovaginata, the fol-
lowing bacteria (or close relatives) are present:  Bacillus amy-
loliquefaciens, B. subtilis, Mycobacterium palustre, M. lenti-
flavum and M. avium.

The direct observation method used inert plastic films as car-
riers for direct endophytic microbial assemblages formation. The
films were adjoined closely to plant tissues inside columns and
nodes for a period of four months. Afterwards, the films were
taken out and analysed with different types of light and confocal
microscopy. Combined with a cytochemical analysis based on
confocal microscopy and scanning electron microscopy, signifi-
cant differences of microbial populations in nodes and stems tis-
sues could be shown.  

2.17.
The ultrastructural comparison of compatible
and incompatible potato – and tobacco –
PVYNTN interaction
Katarzyna Otulak, Grażyna Garbaczewska
Warsaw University of Life Sciences- SGGW, Faculty of Agriculture
and Biology, Department of Botany, Nowoursynowska 166,
02-776 Warsaw, Poland,  katarzyna_otulak@sggw.pl,
grazyna_garbaczewska@sggw.pl

Potato plants cv. Rywal with hypersensitivity gene Ny-1 (Szajko et
al., 2008) infected with PVYNTN reacted with local necroses 3 days
after infection (incompatible response). Potato virus Y particles
were found in epidermis, mesophyll, phloem parenchyma and
xylem tracheary elements during HR and compatible response.
The virus spread systemically outside the infected leaves despite
rapid and localized defense hypersensitive reaction. During HR in
potato cv. Rywal tissues virus particles were observed already 10
hours after infection (Otulak, Garbaczewska, 2007), whereas
cytoplasmic inclusions were noticed first time 24 days after infec-
tion. In compatible tobacco cv. Samsun and potato cv. Igor tis-
sues response to PVYNTN inoculation systemic necrosis were pre-
sented 15 days after infection. Ultrastructural studies showed
that ER may take part in PVY replication and also inclusion for-
mation. The observed cytopathological lesions and virus particles
indicate that cell nucleus and mitochondrion participate in PVY
life cycle. In HR as well as in compatible response PVY particles
were found in plasmodesmatas and also in vascular tissues.
Virus particles and cytoplasmic PVY inclusions observed in
phloem and xylem cells gives ground to conclude that even in case
of resistant potato variety PVY is able to systemic transport
through phloem and xylem.

REFERENCES:
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2.18.
Ultrastructure of Nicotiana tabacum cv.
Samsun cells infected with CDV
Anna Pisarzewska, Grażyna Garbaczewska
Department of Botany, Warsaw Univesity of Life Sciences,
Nowoursynowska 159, 02-776, Warszawa, Poland,
anna_pisarzewska @sggw.pl, grazyna_ garbaczewska@sggw.pl

An emerging virus, Colombian Datura virus (CDV; genus
Potyvirus), might present a risk to solanaceous crops. It was first
identified in ornamental plants (Brugmansia spp.) imported
from Columbia into the USA in 1967 (Kahn, Bartels, 1968). In
2004, it appeared in field-cropped Nicotiana tabacum in three
Central European countries: Poland, Germany and Hungary
(Schubert et al., 2006).

Nicotiana tabacum cv. Samsun was the model plant mechani-
cally inoculated with Colombian Datura virus. The ultrastructural
and cytological studies of infected leaves showed necrotic cells in all
types of blades and petioles tissues. CDV particles and cytoplas-
matic inclusions were found in the protoplasts of infected cells. They
were connected with endoplasmatic reticulum cisternae and/or with
mitochondrial external membranes. Often mitochondria were the
most changeable organelles. Viral filamentous particles were also
present inside nucleus of some infected plant cells. Those localisa-
tions were suggested that nucleus, mitochondrion and endoplas-
matic reticulum participated in CDV life cycle. Besides, the virus
particles and its protein inclusions were detected in floem and
xylem elements. This data suggest that all vascular tissues partici-
pated in long distance transport of CDV in infected plants.

REFERENCES:
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2.19.
Localisation of actin and tubulin cytoskeleton
in syncytia induced by Heterodera schachtii
in roots of Arabidopsis thaliana
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Warsaw University of Life Sciences (WULS-SGGW),
Nowoursynowska 166, 02-787 Warsaw, Poland,
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Cyst nematodes such as Heterodera schachtii are obligatory
sedentary endoparasites of plant roots. They are able to induce
development of syncytium which are large multinucleate feeding
site created by fussion of neighbouring cells with initial cell (de
Almeida Engler et al., 2004). Syncytium is the main site of molec-
ular interactions between the plant and developing nematode.
Characteristic features of syncytia are: hypertrophy of incorpo-
rated cells, formation of cell wall openings, proliferation of cyto-
plasm and decrease of vacuole volume.

The plant cytoskeleton is a highly dynamic and versatile intra-
cellular scaffold composed of microtubules and actin microfila-
ment. It plays important role in many aspects of plant cell growth
and development. Both the microlubule and actin cytoskeleton in
plants are known to rearange when numerous, diverse external
stimuli are applied (Vantard and  Blanchoin, 2002).

To find out whether cytoskeleton changes occurred during
development of syncytia the immunolocalisation of actin and
tubulin was conducted. The microtubule and actin cytoskeletons
are concominantly affected in syncytia. Microtubules and actin
microfilaments interact with each other structurally and func-
tionally and probably are regulated by common mechanisms.
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Obtaining of foreign proteins from plants by Agrobacterium-
mediated transient expression has several advantages in compar-
ison with stably transformed plant systems. The main preference
is a potential for production of high amounts of foreign proteins
during short time. Plant host species may affect strongly the pro-
duction of recombinant proteins (Sheludko et al., 2007), but at
the present time a limited number of species are commonly used
for transient expression assays, first of all Nicotiana benthami-
ana. Here we report about novel perspective hosts for transient
expression selected among Australian representatives of
Nicotiana L. genus – N. excelsior and N. cavicola. We tested these
species for accumulation of reporter proteins (green fluorescent
protein (GFP), β-glucuronidase (GUS), thermostable lichenase
(LicBM3) from Clostridium thermocellum) as well as other for-
eign proteins – desaturases (DesA and DesC) from Synechocystis
sp. fused with LicBM3 and human interferon α2b (INF).

Plants were infiltrated with A. tumefaciens harboring the
gene of interest (gfp, GUS, licB, desAlicBM3, desClicBM3) under
control of 35S CaMV promoter or viral-based transient expres-
sion system (Marillonnet et al., 2004) (genes – gfp, inf). In all
experiments the p19 suppressor of PTGS was used to enhance
transient expression (Voinnet et al., 2003). The GFP content was
calculated by spectrophotometric measurements; enzymatic
activities of GUS, LicBM3, DesALicBM3 and DesCLicBM3 were
proved using color reactions with substrates; biological activity of
INF was demonstrated and calculated using titration method
(capability to delay the replication of vesicular stomatitis virus in
mammalian cell culture). Total soluble proteins (TSP) were cal-
culated using Bradford method.

The transient expression and accumulation of foreign pro-
teins was observed in all tested systems. Reporter proteins GFP
and GUS were successfully expressed in N. cavicola leaves. The
content of GFP protein was 12.6 ± 6.5% TSP (viral-based system)
and 6.0 ± 1.5% TSP (gene under control of 35S CaMV promot-
er). In N. excelsior leaves were successfully expressed gfp, GUS,
licBM3, desAlicBM3, desClicBM3 and inf genes. The content of
GFP protein was 32.1 ± 14.2% TSP (viral-based system) and 
3.7 ± 1.7% TSP (gene under control of 35S CaMV promoter).
Additionally, biologically active pharmaceutical protein human
interferon α2b was successfully expressed in N. excelsior. To the
best of our knowledge no quantitative data on active IFN α2b

4th Conference of Polish Society of Experimental Plant Biology • Experimental Plant Biology. Why not?! 

34 ACTA BIOLOGICA CRACOVIENSIA Series Botanica

SESSION 2



transient expression was reported. The activity of INF was 20.6 ±
7.8 × 102 IU/ml (approximate 20-30 ng/g fresh weight) and max-
imal activity was 32 × 102 IU/ml (approximately 30–50 ng/g FW).
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Till now, Mesembryanthemum crystallinum L. has been studied
for its plasticity in the response to abiotic stress factors acceler-
ating the switch from C3 photosynthesis to Crassulacean Acid
Metabolism (CAM), however, the scarce data on the response of
C3/CAM plants to biotic stress are available. Botrytis cinerea, a
necrotrophic fungus, showed the ability to infect M. crystallinum
in the C3 and CAM states. The microscopic inspection of inocu-
lated leaves revealed that the response of C3 and CAM plants to
B. cinerea differentiated shortly after inoculation, and in CAM
plants the decreased rate of conidia germination in comparison
to C3 plants take place. Detection of response of photosynthetic
apparatus to infection with this fungus at 3, 24 and 48h post
inoculation was carried out on leaves of different whorls using
chlorophyll fluorescence imaging technique. Stimulation of pho-
tosynthetic processes after 24h in infected C3 plants, and just
after 3h in CAM plants was observed. The signal induced by
pathogen in photochemistry processes of infected leaf was
translocated to systemic leaves, before necrotic lesions sur-
rounded by a chlorotic halo developed. The results provide evi-
dence for the involvement of  photochemistry processes in the
induction of defense mechanisms among the whole plant.
Comparing our previous analysis of changes in activities of
antioxidative enzymes with measurements of photosynthetic
processes, it could be concluded that activation of antioxidative
enzymes occurs slower than changes in the photosynthetic

processes. Moreover, changes in metabolism of carbohydrates
and phenols (the part of non-enzymatic antioxidative system),
before induction of enzymatic antioxidants take place. The out-
come of plant-pathogen interaction depends on the co-regulation
of the photosynthetic mode of carbon assimilation and antioxida-
tive system.

This work was partially supported by 265/P01/2006/31 and R1204502
grants.
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Flavonoid preactivation of Rhizobium 
leguminosarum bv. trifolii improves symbiosis
with clover (Trifolium pratense)
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The Rhizobium-legume symbiosis is dependent on the exchange
of numerous molecular signals between bacteria and their plant
host. Flavonoids secreted by plant roots into rhizosphere play an
important role in early steps of symbiosis. They induce the
expression of rhizobial nod genes, resulting in synthesis of chi-
tolipooligosaccharides (Nod factors). Mixtures of flavonoids may
affect survival of rhizobia in the rhizosphere and influence their
competitiveness (Cooper, 2004). Nod factors secreted by bacteria
elicit multiple responses in the root epidermis that lead to the
nodulation of the appropriate host plants (Spaink, 2000). 

In this work, we studied the effect of flavonoid preactivation
of Rhizobium leguminosarum bv. trifolii (Rlt) on clover nodula-
tion and growth. Three pairs of Rlt strains were chosen and
clover seedlings were inoculated with mixed cultures of two
strains. Four experimental groups were formed for each pair of
strains: in I and II group only one strain was flavonoid-preacti-
vated; in III group both strains were flavonoid-preactivated; in IV
group none strain was preactivated. For preactivation, the strains
before clover inoculation were grown in the presence of clover
seeds exudate. Clover plants were grown (4 weeks) under labora-
tory conditions, then nodule number was estimated and shoots
and roots were weighted.

The beneficial effect of flavonoid preactivation of Rlt strains
on clover growth was observed in the case of preactivation of both
strains (III group) and wet mass of roots and shoots was signifi-
cantly greater in comparison to clover inoculated Rlt strains with-
out preactivation. In some cases, the increase of wet root or shoot
mass was also visible when only one Rlt strain was treated with
flavonoids before clover inoculation. Moreover, the increase in
nodule number was observed after flavonoid preactivation, but
this effect was less pronounced. We concluded, that Rlt strains
treated with flavonoids, one of a signal factor in rhizobia-plant
interactions, may increase the symbiotic efficiency.
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Mycorrhizal fungi and deficit irrigation as 
a new water saving strategy for tomato plants
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World water supplies are limited and therefore water-saving prac-
tices should be explored. Plant water relations, yield, and fruit
quality of fresh tomato (Lycopersicon esculentum Mill. cv. Atut)
in response to partial root-zone drying (PRD) and root injections
with endomycorrhizal fungi were investigated in potted plants in
a glasshouse. Three main irrigation treatments were imposed –
control (fully irrigated, FI), and two forms of dynamic deficit irri-
gation – partial root-zone drying (DPRD), and common deficit irri-
gation (DDI). Under DDI, a deficit volume of irrigation water was
applied to both sides of the split roots. Under the DPRD regime,
the same volume of irrigation was applied, but alternately to one
side of the root system, switched every 6 days (1 PRD cycle).
Deficit irrigation was applied in dynamic form during 66 days (11
PRD cycles), which means that every cycle decreased amounts of
water applied from 85 to 45% of FI, on average 62% of FI. Half of
plants from every treatment were injected with endomycorrhizal
fungi to improve water supply in drought stress. Mycorrhizal
fungi improved water use efficiency (WUE) in both alternating and
common deficit irrigations as compared to DPRD and DDI with-
out the injection. Water saving was caused by partial stomata clo-
sure which however did not limit the photosynthetic efficiency and
the main signal closing stomata during deficit irrigations was a
decrease of water potential. Mycorrhizal fungi ameliorated the dis-
advantageous effects of deficit irrigations on yield but could not
prevent its considerable reduction as compared to FI. It is inter-
esting that mycorrhiza significantly increased yield of fruits and
improved WUE of fully irrigated plants. Both forms of deficit irri-
gations significantly raised osmotic potential and total acidity of
fruit sap. The pH of fruits decreased in FI and DDI injected with
endomycorrhiza compared to treatments without mycorrhiza.

This study was funded by the EU project SAFIR, contract no 023168
(Food) and by Polish Ministry of Science and Higher Education in
Warsaw, no of contracts 359/6 PR UE/2007/7 and 0953/B/P01/
2009/36.

2.24.
Characterisation of hypersensitive response 
of potato to PVY infection
Karolina Woroniecka1, Kamil Witek1, Katarzyna Szajko2,

Danuta Strzelczyk-Żyta2, Waldemar Marczewski2

and Jacek Hennig1 

1Laboratory of Plant Pathogenesis, Institute of Biochemistry and
Biophysics, Polish Academy of Sciences, Pawińskiego 5A,
02-106 Warsaw, Poland, kworoniecka@ibb.waw.pl

2Plant Breeding and Acclimatization Institute, Platanowa 19,
05-831 Młochów, Poland, w.marczewski@ihar.edu.pl

A prototypic plant pathogen interaction system used to study dis-
ease resistance is tobacco and tobacco mosaic virus (TMV). In
this pathosystem, the resistance response comprises two phe-
nomena, known as the hypersensitive response (HR) and sys-
temic acquired resistance (SAR). The mechanisms that are
involved in HR and SAR are not completely understood.

We studied resistance response of Solanum tuberosum ssp.
tuberosum cv. Rywal to PVY infection. We identified a novel locus
Ny-1, that determines the HR response of S. tuberosum cv. Rywal
plants to PVY. The Ny-1 locus has been mapped (Szajko et al.,
2008) on potato chromosome IX, linked by 2cM to the locus
GP41.

In contrast to most characterised potato cultivars, Rywal
develops local HR reaction after PVY inoculation. These plants,
are resistant to known: N, 0, NTNPVY strains, when grown in growth
chambers at 20°C. Such resistance response successfully limits
virus replication and its spreading. Using RT-PCR approach we
were able to detect presence of PVY particles only in the inoculat-
ed parts of plants. The HR and virus localisation correlates with
an increase in salicylic acid (SA) biosynthesis and PR gene induc-
tion. Additionally, these reactions are abolished when plants are
growing at constitutive ≥ 28°C temperature or in transgenic nahG
plant with reduced level of SA.

REFERENCES:
SZAJKO K, CHRZANOWSKA M, WITEK K, STRZELCZYK-ZYTA D, ZAGÓRSKA H,

GEBHARDT C, HENNIG J, MARCZEWSKI W. 2008. A novel Ny-1 gene
conferring hypersensitive response to potato virus Y: an alterna-
tive for Ry genes in PVY resistance potato breeding. Theorical
and Appl.ied Genetics 116: 297–303.
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3.1.
Relationships between mitochondrial 
respiratory pathways and photosynthesis 
in the control of plant growth and defence 
Christine H. Foyer 
Centre of Plant Science, Research Institute of Integrative and
Comparative Biology Faculty of Biological Science University of
Leeds, Leeds LS2 9JT, UK, c.foyer@leeds.ac.uk

Chloroplasts and mitochondria play important roles in cellular
energy and redox metabolism connected to photosynthesis and
respiration. They are important sources of reactive oxygen
species. Hydrogen peroxide is produced by electron transport
processes in the chloroplasts and mitochondria, and by pho-
torespiratory glycolate metabolism in the peroxisomes. The mito-
chondrial electron transport chain oxidizes NADH produced dur-
ing photorespiratory and respiratory metabolism. To analyze the
impact of redox metabolism on metabolic integration and oxida-
tive signalling, we have used phenotypic, metabolic and tran-
scriptomic analysis of tobacco knockout mutants lacking mito-
chondrial complex I. Aspects of these studies and key conclu-
sions will be described. In particular, it will be shown that mito-
chondrial pyridine nucleotides status is an important determi-
nant of plant growth and development, and of stress tolerance
through effects on the carbon-nitrogen metabolism, and on gib-
berellin metabolism and associated signalling pathways. 

3.2.
Mitochondrial control of cellular redox
Allan Rasmusson 
Department of Cell and Organism Biology, Lund University,
Solvegatan 35B SE-223 62 Lund, Sweden,
allan.rasmusson@cob.lu.se

Plant mitochondria are profoundly integrated into the cellular
metabolic systems by consuming and producing metabolites
adhering to various processes, like photosynthesis, nitrogen
metabolism and stress resistance. Especially, mitochondria pro-
duce or consume redox compounds like ascorbic acid, superox-
ide, NADPH and NADH, and are therefore involved in establish-
ing the redox homeostasis of the cell (Rassmusson et al., 2008).

Central to this function, plant mitochondria contain energy
bypass enzymes which allow respiratory electron transport with-
out inherent linkage to proton pumping and ATP production.
These include alternative oxidases and external NAD(P)H dehy-
drogenases, which oxidise cytosolic NADH or NADPH and reduce
ubiquinone. In potato and Arabidopsis, NDB1 is an external cal-
cium-dependent NADPH dehydrogenase, the Arabidopsis NDB2
is a calcium-stimulated NADH dehydrogenase and NDB4 a calci-
um-independent NADH dehydrogenase (Rassmusson et al.,
2008). The enzymatic system thus potentially allows specific tun-
ing of cytosolic NADH and NADPH reduction levels. Analyses of
transgenic Nicotiana sylvestris, modified to overexpress and
suppress NDB1, showed that the external NADPH dehydrogenase
is able to specifically modify the cellular NADPH level. A specific
change in stem apex was linked to modified metabolite ratios,
expression of meristem identity genes, and a bolting time pheno-
type, thus indicating the presence of redox control for stem devel-
opment (Liu et al., 2008; 2009). 

Further work aim at determining how alternative NAD(P)H
dehydrogenases and oxidases in conjunction may mediate redox

scenarios for plant life functions in relation to developmental
programmes and fluctuating growth conditions.

REFERENCES:
LIU YJ, NORBERG FE, SZILAGYI A, DE PAEPE R, ÅKERLUND HE, RASMUSSON AG.

2008. The mitochondrial external NADPH dehydrogenase modu-
lates the leaf NADPH/NADP+ ratio in transgenic Nicotiana
sylvestris. Plant Cell Physiology 49: 251–263.

LIU YJ, NUNES-NESI A, WALLSTRÖM SV, LAGER I, MICHALECKA AM, et al.
2009. A redox-mediated modulation of stem bolting in transgenic
Nicotiana sylvestris differentially expressing the external mito-
chondrial NADPH dehydrogenase. Plant Physiol. DOI:
10.1104/pp.109.136242.

RASMUSSON AG, GEISLER DA, MØLLER IM. 2008. The multiplicity of dehy-
drogenases in the electron transport chain of plant mitochondria.
Mitochondrion 8: 47–60.

3.3.
On the mechanism of regulation of excess
energy dissipation in plant photosystem II
Roberto Bassi
Dipartimento di Biotecnologie, Università di Verona,15,
strada Le Grazie, 37134 Verona, Italy, roberto.bassi@univr.it

In oxygenic photosynthetic organisms, reaction centre complexes
catalyze electron transport from water to CO2 using light energy
absorbed by tetrapyrrole pigments bound to so called "antenna
proteins". A major challenge in performing this type of photosyn-
thesis consists on the difficulty of operating "one electron" trans-
port through a multi-step pathway in the oxygen-rich chloroplast.
In fact, synthesis of ROS, mainly singlet oxygen and superoxide
anion and consequent photoinhibition is an intrinsically unavoid-
able consequence of photosynthesis. This process must be pre-
vented and/or controlled in order to avoid photo-destruction and
cell death. Mechanisms involved include chlorophyll (Chl) triplet
quenching, ROS scavenging and controlled heat dissipation of
excess Chl singlet excited states. Reverse genomics and ultrafast-
spectroscopy led to the proposal that the transient formation of
carotenoid radical cations, followed by charge recombination
might be the underlying mechanism of energy dissipation while
three proteins belonging to the LHC superfamily could be the site
hosting this reaction. The dynamic association of Light harvesting
and reaction centre proteins within grana membranes plays a
fundamental role in triggering excess energy dissipation. These
finding have been described in the references below.

REFERENCES:
AHN TK et al. 2008. Science 320: 794–797.
AVENSON T et al. 2008. Journal of Biological Chemistry 283:

3550–3558.
AVENSON TJ et al. 2009. Journal of Biological Chemistry 284:

2830–2835.
BETTERLE N et al. 2009. Journal of Biological Chemistry 284:

15255–15266.
BONENTE G et al. 2008. Journal of Biological Chemistry 283:

8434–8445.
CHENG YC et al. 2008. Journal of Physical Chemistry 112:

13418–13423.
DE BIANCHI S et al. 2008. Plant Cell 20: 1012–1028.
LI Z et al. 2009. Plant Cell, in press.
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3.4.
Photophosphorylation and CF1-ATPase 
activity in Brassica chinensis L. plants
grown under light-emitting diodes and 
different light intensity 
Elizaveta Bassarskaya1, Vasiliy Ptushenko2, Olga Avercheva1,
Tatiana Zhigalova1, Svetlana Smolyanina3, Yuliy Berkovich3,
Alexey Erokhin3

1Department of Plant Physiology, Faculty of Biology,
Moscow State University, Leninskie Gory 1, Moscow 119992
Russia, venik@lighters.ru

2Emanuel Institute of Biochemical Physics, Russian Academy of
Sciences, Kosygina 4, Moscow, 117977 Russia, ptush@mail.ru

3State Scientific Centre of Russian Federation – Institute for
Biomedical Problems, Khoroshevskoe Shosse 76A,
Moscow 123007, Russia, berkovich@imbp.ru

Light quality and quantity play a crucial role in the development and
function of the photosynthetic apparatus. The influence of growth
light intensity on photosynthetic light-driven reactions has been stud-
ied in a wide range of works, but there are much fewer works focus-
ing on the influence of incident light spectrum on these processes. We
studied the photophosphorylation, electron transport, trans-thy-
lakoid proton gradient on isolated thylakoid membranes and CF1-
ATPase activity in the 4-th leaf of 27-days-old Chinese cabbage
(Brassica chinensis L.) plants. The plants were grown under two illu-
mination sources with different emission spectra: high-pressure
sodium (HPS) lamps and red (650 nm) and blue (470 nm) light-emit-
ting diodes (LEDs) with a red : blue photon ratio of 7 : 1. The plants
were illuminated with two photosynthetic photon flux levels: nearly
400 μE and about 100 μE. The electron transport activity and ΔpH
value were nearly the same in all the plants studied. However, pho-
tophosphorylation and CF1-ATPase activity were significantly differ-
ent. When plants grew at 400 μE, non-cyclic photophosphorylation
was more than two-fold higher under HPS lamps than under LEDs,
while cyclic photophosphorylation was nearly the same. At 100 μE
non-cyclic photophosphorylation was more than four-fold higher
under LEDs than under HPS lamps, due to it being lower than at 400
μE under HPS lamps and higher under LEDs. Cyclic photophospho-
rylation at 100 μE was nearly three-fold higher in plants grown under
LEDs than under HPS lamps. CF1-ATPase activity showed the same
patterns, but less pronounced. CF1 from plants grown under LEDs
also reacted differently to activation conditions during measurement
and adding dithiothreitol to the reaction medium than CF1 from
plants grown under HPS lamps. Our results suggest that under the
red-blue LED spectrum, the development and/or regulation of the
chloroplast ATP-synthase occurs differently than under broadband
HPS lamp spectrum, while electron transport and ΔpH are hardly
affected by this difference in spectra. 

3.5.
Alternative respiratory pathway: A way to
reduce imbalance between source and sink
activity in the sink-limited plant Erythronium
americanum
Anthony Gandin1,2, Line Lapointe1 and Pierre Dizengremel2
1Département de biologie & Centre for Forest Research,
Université Laval, Québec (QC), Canada G1V 0A6,
anthony.gandin.1@ulaval.ca, line.lapointe@bio.ulaval.ca

2UMR 1137 INRA-UHP Nancy 1, Écologie et écophysiologie
forestiéres, Nancy-Université, BP 70239, 54506 Vandoeuvre,
France, pierre.dizengremel@scbiol.uhp-nancy.fr

Feedback-inhibition of photosynthesis by carbohydrate accumu-
lation is a well known process, which can lead to the induction of
leaf senescence. However, mechanisms that allow plants to cope
with recurrent surplus of carbon, in conditions of imbalance
between source and sink activity, have not received much atten-
tion. We investigated the response of sink growth and metabolism
to the modulation of source activity using elevated CO2 and ele-
vated O3 growth conditions in Erythronium americanum, a sink-
limited plant. Sink activity (bulb) was monitored via slice and
mitochondrial respiratory rates, sucrose hydrolysis activity, car-
bohydrates and biomass accumulation throughout the growth
season, while source activity (leaf) was monitored via gas
exchanges, rubisco and phosphoenolpyruvate carboxylase activi-
ties, carbohydrates and respiratory rates. Elevated CO2 increased
net photosynthetic rate by increasing substrate availability for
rubisco, whereas elevated O3 decreased net photosynthetic rate
mainly through a reduction in rubisco activity. Despite this mod-
ulation of source activity by treatments, neither plant growth nor
starch accumulation were affected. Sucrose synthase activity was
higher in the sink under elevated CO2 and lower under elevated
O3, thereby modulating the pool of glycolytic intermediates.
Alternative respiratory pathway was similarly increased under
elevated CO2 and decreased under elevated O3 in the sink. This
modulation was seen both with the activity and capacity of the
pathway, as well as with the alternative oxidase abundance.
Furthermore, the modulation of the alternative pathway occurred
mainly when malate was used as substrate for mitochondria, sug-
gesting a linking role for pyruvate between carbon availability and
alternative oxidase activation. 

In this sink-limited species, the alternative respiratory path-
way appears to balance carbon availability with the sink capacity,
thereby avoiding early feedback-inhibition of photosynthesis in
conditions of excess carbon. 
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3.6.
Searching for molecular factors associated
with homeotic male sterility caused by the
Brassica nigra cytoplasm in cauliflower
Marek Szklarczyk1, Magdalena Surówka1, 
Katarzyna Śniegowska1, Magdalena Wójcik1, 
Wojciech Rymaszewski1, Judyta Słowińska1

and Piotr Kamiński2
1Department of Genetics, Plant Breeding and Seed Science;
Agricultural University of Cracow, Al. 29 Listopada 54,
31-425 Kraków, Poland, mszklarczyk@ar.krakow.pl

2Research Institute of Vegetable Crops, Konstytucji 3 Maja 1/3,
96-100 Skierniewice, Poland

Cauliflower plants carrying the cytoplasm of black mustard
(Brassica nigra) may exhibit male-sterile phenotype manifested
by transformation of stamens into petal-like organs. In our
research, we compared such plants with those cauliflower acces-
sions which carried the normal and Ogura cytoplasms. With the
use of vectorette PCR we found 4 mitochondrial loci which differ-
entiated the normal and nigra cytoplasms – ccb206, nad1, nad3
and nad7. Their polymorphic character was confirmed in
Southern blotting experiments which also indicated that these
sequences were physically linked in the mitochondrial genome.
Sequence analysis of the ccb206, nad1 and nad7 loci allowed
design of specific amplicons which proved to be useful for routine
identification of the plasmotype. Northern hybridization showed
that transcription pattern of ccb206 and nad1 sequence was
altered in plants with the nigra cytoplasm. Additionally, RT-PCR
analysis of the nad3 sequence detected the mRNA species that
was preferentially accumulated in the nigra cytoplasm.
Mitochondrial protein composition was analyzed using Blue
Native electrophoresis and showed a few qualitative and quanti-
tative differences between the studied cytoplasms.

We also studied mRNA accumulation of the selected floral
organ identity genes in flower buds of male-sterile and male-fer-
tile plants. This analysis showed that male-sterile plants with the
nigra cytoplasm exhibit reduced transcript level of APETALA3
and PISTILLATA orthologs. This result agreed with partial femi-
nization of 3-rd whorl organs found in flower buds of the male-
sterile plants. We also found that cauliflower curds with a coarse
texture displayed elevated accumulation of AGAMOUS, APETA-
LA3 and PISTILLATA mRNA.

POSTERS

3.7.
Adaptation of rubisco to crassulacean acid
metabolism (CAM) 
Magdalena Gruca1, Karin Krupinska2, Ewa Niewiadomska1

1Institute of Plant Physiology, Polish Academy of Sciences, 
Niezapominajek 21, Kraków, Poland

2Institute of Botany, Christian-Albrechts-University of Kiel, 
24098 Kiel, Germany

Ribulose-1,5-bisphosphate carboxylase/oxygenase (RubisCO) cat-
alyzes the assimilation of inorganic CO2 into organic molecules.
This enzyme is subjected to a wide range of regulatory mecha-
nisms operating at nearly all stages of protein expression. The
aim of this study was to elucidate the effects on RubisCO imposed
by the induction of Crassulacean acid metabolism in the C3-CAM
intermediate and halophyte Mesembryanthemum crystallinum
plants. Since a diurnal performance of CAM is associated with
appearance of dramatic variation in the internal CO2 level (mini-
mum – at night and maximum around midday), CAM plants seem
to be a suitable model to evaluate a CO2 dependent impact on
RubisCO. In CAM plants at the onset of the day activity of Rubisco
at full activation was the lowest. This supports earlier data on
decreased involvement of photorespiration in this time of the day
revealed by drop in catalase activity (Niewiadomska and
Miszalski, 2008). This limitation of RubisCO activity was not
accompanied by any decline in the content of RubisCO protein,
suggesting a posttranslational effect. Later during the photoperi-
od RubisCO activity and the level of RubisCO subunits increased
both in C3 and CAM plants. Plastid run-on transcription analyses
revealed that in CAM plants in comparison to C3-control plants at
midday transcription of the rbcL gene was enhanced. The
increase in transcription rate coincided with a higher level of the
rbcL transcript as revealed by RT-PCR method (Niewiadomska et
al., submitted). Altogether, the data suggest that a high CO2 con-
centration may have a stimulatory effects on the transcription of
the rbcL gene, whilst, a low CO2 level appears to slow down both
transcription and activity of RubisCO.

REFERENCES:
NIEWIADOMSKA E, MISZALSKI Z. 2008. Partial characterization and

expression of leaf catalase in the CAM-inducible halophyte
Mesembryanthemum crystallinum L. Plant Physiology and
Biochemistry 46: 421–427.

NIEWIADOMSKA E, BILGER W, GRUCA M, MISZALSKI Z, KRUPINSKA K. CAM
related changes in function, structure and gene expression of
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script submitted).

3.8.
Oxidation of an adjacent methionine residue
inhibits regulatory seryl-phosphorylation 
of pyruvate dehydrogenase
Jan A. Miernyk
USDA, Agricultural Research Service, Plant Genetics Research
Unit, Columbia, MO; Department of Biochemistry, University of
Missouri, 102 Curtis Hall; Interdisciplinary Plant Group,
University of Missouri, Columbia, MO 65211 USA

A Met residue is located adjacent to phosphorylation site 1 in the
sequences of mitochondrial pyruvate dehydrogenase E1α sub-
units.  When synthetic peptides including site 1 were treated with
H2O2, the Met residue was oxidized to methionine sulfoxide
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(MetSO), and the peptides were no longer phosphorylated by
E1α-kinase.  Isolated mitochondria were incubated under state III
or IV conditions, lysed, the pyruvate dehydrogenase complex
(PDC) immunoprecipitated, and tryptic peptides analyzed by
MALDI-TOF mass spectrometry.  In all instances both Met and
MetSO site 1 tryptic-peptides were detected.  Similar results were
obtained when suspension-cultured cells were incubated with
chemical agents known to stimulate production of reactive oxygen
species within the mitochondria. Treatment with these agents had
no effect upon the amount of total PDC, but decreased the pro-
portion of P-PDC.  We propose that the redox-state of the Met
residue adjacent to phosphorylation site 1 of pyruvate dehydro-
genase contributes to overall regulation of PDC activity in vivo. 

3.9.
Revealing the structure and function of 
prohibitins in the mitochondria of Arabidopsis
thaliana
Janusz Piechota, Marta Kołodziejczak, 
Aleksandra Sokołowska, Karolina Lech, Łukasz Bzdzion,
Hanna Jańska
Laboratory of Molecular Cellular Biology, University of Wroclaw,
Przybyszewskiego 63/77, 51-148 Wroclaw,
Hanna.Janska@ibmb.uni.wroc.pl

Prohibitins (PHBs) are evolutionary conserved proteins. In mam-
mals and yeasts, two homologous proteins (named Phb1 and
Phb2) form a 1 MDa complex located in the inner mitochondrial
membrane. Both proteins are interdependent – deletion of one
prohibitin gene leads to a rapid degradation of the other pro-
hibitin protein. In yeasts, PHB complex interacts with complex
composed of m-AAA protease subunits. The size and ring shape
of PHBs complexes suggests that they act as membrane scaffolds
defining mitochondrial subcompartments with different func-
tions.

PHBs in Arabidopsis thaliana are represented by 5 proteins:
AtPHB3, AtPHB4 (homologs of Phb1), AtPHB1, AtPHB2 and
AtPHB6 (homologs of Phb2). Our results show that all five PHBs
form two complexes with molecular weight of 1 and 2 MDa in the
mitochondria of A. thaliana. The larger complex, apart from
PHBs, contains also m-AAA proteases represented by two pro-
teins: AtFtsH3 and AtFtsH10. In order to establish the role of
PHBs in plants we investigated double mutant of A. thaliana with
T-DNA inserts in AtPHB2 and AtPHB6. Growth of phb2/phb6
plants is severely reduced in compare with wild-type plants.
Diameter and biomass of rosettes are decreased more than 57%
and 76%, respectively. Overall level of PHBs in phb2/phb6 mito-
chondria is unaffected indicating that absence of AtPHB2 and
AtPHB6 proteins is compensated by increased abundance of  the
remaining PHBs. Lack of PHB complex in mammalian cells
results in depletion of mitochondrial DNA. Contrary to this, in
phb2/phb6 plants we observed 60% increase of mtDNA level,
which was not accompanied by increased level of mtDNA-encod-
ed transcripts and proteins. We found also that level and activity
of complexes of oxidative phosphorylation are also unaffected.
Our results indicate that (1) PHBs interact with m-AAA proteases
forming large 2 MDa complex; (2) absence of AtPHB2 and
AtPHB6 proteins cannot be completely compensated by increased
level of remaining PHBs resulting in severe growth reduction of
phb2/phb6 plants; (3) phenotype of phb2/phb6 plants does not
result from deficiency of the oxidative phosphorylation system. 

3.10.
Biogenesis of cauliflower mitochondria 
in abiotic stress conditions – molecular and
physiological study
Michał Rurek1, Włodzimierz Krzesiński2, 
Grzegorz Pietkiewicz1, Mikołaj Knaflewski2
1Department of Molecular and Cellular Biology, Adam Mickiewicz
University, Umultowska 89, 61-614 Poznań, Poland,
rurek@amu.edu.pl

2Department of Vegetable Crops, University of Life Sciences,
Dąbrowskiego 159, 60-594 Poznań, Poland,
brassica@au.poznan.pl

Plant mitochondria play important role in stress response. The
proper biogenesis of plant mitochondria during stress requires
coordinate expression of mitochondrial and nuclear genomes.
However, the available data on the influence of abiotic stress on
the pattern of plant mitochondrial proteome is still limited. The
aim of our study was to analyze the level of chosen mitochon-
drial proteins in cauliflower submitted to cold or heat stress
and to estimate the  connection between molecular and physio-
logical data (rate of photosynthesis and respiration, chlorophyll
content), and also ultrastructure of mitochondria in stress con-
ditions. All analyses were performed on mitochondria isolated
from 3-month-old cauliflower inflorescences by differential cen-
trifugation and gradient purification. We noticed the significant
increase of the steady-state level of AOX, mitochondrial Hsp
17.6 and dehydrin-like proteins in most tested stress condi-
tions, as well as the increased pool of some mitochondrial
matrix enzymes, like  serine hydroxymethylase. On the other
hands, the level of  components of respiratory chain and
cytochrome c maturation proteins was less affected in investi-
gated stress conditions, with the exception for cyt. c, cyt. c1,
VDAC1 and COXII. The rate of photosynthesis and respiration
of cauliflower leaves was significantly affected by all tested
stress conditions. Cold stress, contrary to heat treatment result-
ed in the increase of chlorophyll content and the rate of photo-
synthesis in cauliflower leaves. The rate of leaves respiration
was decreased  by both tested stress conditions. The alterations
in the ultrastructure and organization of mitochondria in apical
cell layer of cauliflower inflorescences after stress treatment
were less significant, but also will be discussed.

This work was financed from Polish Ministry of Science and Higher
Education (grant no. N N 303 338835).

3.11.
Downregulation of atdeg2 leads to a distinct
pheotype 
Sławomir Samardakiewicz1, Bożena Sikora2, 
Robert Luciński2, Lucyna Misztal3, Grzegorz Jackowski2
1Faculty of Biology, Laboratory of Electron and Confocal
Microscopy, Adam Mickiewicz University, Umultowska 89, 
61-614 Poznań,Poland

2Faculty of Biology, Department of Plant Physiology,
Adam Mickiewicz University, Umultowska 89, 61-614 Poznań, 
Poland

3Faculty of Biology, Department of Biotechnology,
Adam Mickiewicz University, Międzychodzka 5, 60-579 Poznań,

Poland

Homozygous -deg2 mutant was established by self-fertilization of
plants derived from seeds of SALK-118424.39.64 T-DNA insertion
line, in combination with  PCR-based genotyping. It was demon-

September 21–25, 2009, Kraków, PolandMITOCHONDRIA AND CHLOROPLASTS IN CELL METABOLISM

41Vol. 51, suppl. 2, 2009



strated that the mutant was depleted in both mRNA and the pro-
tein product, namely serine-type chloroplast protease AtDeg2. 

To investigate the phenotypic effect of reduced AtDeg2 accu-
mulation leaf morphology and chloroplast ultrastructure was
analyzed by scanning and transmission electron microscopy,
respectively. When grown under long day conditions the mutant
plants exhibited a reduction of leaf size which was most evident
with respect to leaves representing three older whorls (out of four
analyzed) of 2–3 weeks-old plants (the reduction of the leaf size
was mainly due to the descrease in the leaf length).  As a conse-
quence the density of trichomes distribution over  the leaf surface
was considerably higher in mutant vs wild type plants. The leaves
accumulated less chlorophyll per area unit and due to his the
mutant plants had slightly pale appearance. 

Chloroplasts of mesophyll cells of 2–3 weeks-old leaves of
mutant yielded considerable changes in their ultrastructure with
respect to the wild type ones. Namely, they were two times larger,
had larger starch grains and wider grana stacks. The amount of
plastoglobuli per chloroplast was, in turn considerably smaller. 

We conclude that AtDEG2 product is essential for chloroplast
biogenesis and whole plant development. 

3.12.
Quantum efficiency of biomass production 
in three diatom species
Wanwen Su, Heiko Wagner, Torsten Jakob, 
Christian Wilhelm
Institute of Biology I, Plant Physiology, University of Leipzig,
Johannisallee 21-23, 04103 Leipzig, Germany,
wanwensu@gmx.de, hwagner@uni-leipzig.de,
tjakob@rz.uni-leipzig.de, cwilhelm@rz.uni-leipzig.de

Phytoplankton cells can be exposed to highly variable light condi-
tions due to vertical mixing within the water column where
diatoms dominate in well mixed, nutrient-rich waters. Their flex-
ibility in the adjustment of the photosynthetic apparatus in
response to light and in particular, the high capacity for non-pho-
tochemical quenching (NPQ) of chlorophyll fluorescence is of
great advantage under these highly dynamic light conditions.
However, amongst diatom species significant differences in the
characteristics of NPQ have been found in dependence of their liv-
ing habitat. In this study, we compared the influence of different
NPQ characteristics on the photosynthetic activity and finally on
the quantum efficiency of biomass production in three diatom
species (Phaeodactylum tricornutum, Skeletonema costatum
and Cyclotella meneghiniana) under fluctuating light conditions.
Surprisingly, despite the very different capacities for NPQ it was
observed that the quantum efficiency of oxygen evolution was
comparable in all three species under fluctuating light conditions.
Differences were found in the ability to dissipate excessively
absorbed energy via the so-called alternative electron pathways.
This process has been kept down-regulated in P. tricornutum,
but was up-regulated in S. costatum. Finally, S. costatum had a
considerably higher quantum efficiency of carbon-related bio-
mass production in comparison with the two other diatom
species which could be due to a lower energy content of the bio-
mass.

3.13.
Mitochondrial respiration, energy metabolism
and redox status of Arabidopsis leaves under
different nitrogen nutrition 
Bożena Szal, Małgorzata Kalisz, 
Szymon Kubiszewski-Jakubiak
Institute of Experimental Plant Biology, University of Warsaw,
Miecznikowa 1, 02-096 Warsaw, Poland, szal@biol.uw.edu.pl

When supplied as an exclusive N source ammonium causes
symptoms of toxicity. During last few decades it has been sug-
gested that stress symptoms (e.g. chlorosis or retardation of
growth) observed under sole ammonium nutrition can be related
to various metabolic events. Recently it was proposed that the
major reason of plant sensitivity to NH4

+ is oxidative stress (Zhu
et al., 2000). In the light, chloroplast NADPH synthesis exceeds
ATP production. During NO3

- nutrition an excess of reducing
power generated in chloroplasts is consumed in NO3

- assimila-
tion but under ammonium nutrition chloroplasts must cope with
the excess of reducing equivalents which can be exported and oxi-
dized by mitochondrial respiratory chain. An increased mito-
chondrial respiration during NH4

+ nutrition may result in higher
formation of reactive oxygen species (ROS) (Guo et al., 2005)

Mitochondrial electron transport chain has a branched struc-
ture. Additional plant-specific components  (NDin, NDex and AOX)
of mitochondrial chain do not pump the protons and it is thought
that one of their roles might be the dissipation the excess of
reducing power and decreasing the formation of reactive oxygen
species in the cell. Increased transcript abundance of the respi-
ratory chain alternative pathways in response to rapid changes in
NH4

+ concentration was recently documented in Arabidopsis in
vitro cultures (Escobar et al., 2006). Arabidopsis thaliana grown
in hydroponic cultures on NO3

- or NH4
+ medium were used in

these studies. Changes in metabolite concentrations and activities
of enzymes involved in N metabolism were observed. Influence
different N forms on adenine and pyridine nucleotides concentra-
tion, mitochondrial respiration (including AOX) and enzymatic
antioxidants were determined. The role of mitochondria under
ammonium nutrition is discussed.     
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3.14.
Blue Native Polyacrylamide Gel
Electrophoresis – as a method 
of mitochondrial proteome analysis
Michał Szalonek, Wojciech Wesołowski, Marek Szklarczyk
Department of Genetics, Plant Breeding and Seed Science,
Agricultural University of Cracow, al. Mickiewicza 21, 
31-120 Kraków, Poland, szalonek.m@gmail.com,
w.wesolowski@vp.pl, mszklarczyk@ar.krakow.pl

Blue Native Polyacrylamide Gel Electrophoresis (BN-PAGE) is a
method allowing separation of protein complexes in a gradient
polyacrylamide gel under native conditions. 

In our investigations plant mitochondria were solubilized
with a mild detergent –  dodecylmaltoside (DDM). DDM extracts
protein complexes from the mitochondrial membranes in the
native form.

In BN-PAGE protein mobility results from the bound dye
Coomassie Blue G250 which is added both to the cathode and
loading buffer. Moreover, the bound dye molecules make proteins
visible during electrophoresis. Protein complexes separated with
BN-PAGE can also be visualized using in-gel activity assay.
Alternatively, protein complexes resolved in BN gel are separated
in the second dimension using standard SDS-PAGE. In our
experiments the 2D gels were subjected either to silver or col-
loidal blue staining. We used BN-PAGE to trace differences in the
mitochondrial proteome composition between cytoplasmic male-

sterile (CMS) and male-fertile plants of carrot (Daucus carota L.)
and sugar beet (Beta vulgaris L.). Isolation of mitochondria was
based on differential centrifugation followed by centrifugation in
a 3-step sucrose or Percoll density gradient.

Comparison of carrot petaloid male-sterile Sp-cytoplasm and
male-fertile normal N-cytoplasm revealed that:
• occurrence of sterilizing cytoplasm correlated with reduced

accumulation of respiratory complexes I (NADH dehydroge-
nase) and V (ATP synthase);

• this correlated with lower enzymatic activity of complexes I
and V;

• in male-sterile plants two specific proteins were found with
molecular weight of 41 kDa; in plants with the normal cyto-
plasm these proteins were substituted with the ones of 38
kDa.

In sugar beet comparison of the Owen sterilizing cytoplasm
(S) and the normal cytoplasm (N) showed that:
• both cytoplasm sources did not differ with respect to enzy-

matic activity of respiratory complexes I, IV and V;
• three proteins differentiated the CMS and fertile lines: two

proteins with molecular weight of 30 kDa were detected only
in S-cytoplasmic plants, another protein with molecular
weight of 25 kDa was present in both male-sterile and male-
fertile lines – however, in the former its accumulation was
higher. 

Our results provide a starting point for further, more detailed
analysis of mitochondrial proteins involving immunoblotting and
mass spectrometry
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4.1.
Regulation of plant resistance to host-adapted
pathogens 
Jane Parker, Ana Garcia, Steffen Rietz, Servane Baufume
and Robin Huibers
Dept. Plant-Microbe Interactions, Max-Planck Institute for Plant
Breeding Research,Carl von Linné Weg 10, 50829 Cologne,
Germany, parker@mpiz-koeln.mpg.de 

Plants have evolved a multi-layered surveillance system that
enables them to respond to pathogen attack. The aim of my group
is to understand processes controlling resistance to host-adapted
pathogens once they have overcome recognition barriers at the
cell surface and become invasive. An important post-invasion
(basal) resistance layer restricts the growth of virulent pathogens
in the absence of host cell death. This low level immune response
depends on the balance of plant hormones and can be amplified
by receptor-mediated recognition of specific pathogen effectors
(normally leading to localized programmed cell death). We have
identified a number of components of the resistance machinery in
Arabidopsis and are using gene expression and metabolite profil-
ing, protein biochemistry and cell biology approaches to under-
stand better the modes of action of intracellular immune recep-
tors and defence regulatory complexes. I will describe our find-
ings so far and discuss the molecular and spatial control of one
TIR-NB-LRR type immune receptor RPS4 that recognizes a bac-
terial type III effector, AvrRps4. Of particular interest is under-
standing how RPS4 connects with the downstream nucleo-cyto-
plasmic basal defence regulator EDS1 to trigger resistance. 

Funded by The Max-Planck Society, DFG 'SFB' initiatives 670 and 635,
SPP 'Plant-Microbe 1212' and BMBF Trilateral 'BALANCE' grants. 

4.2.
Finding regulatory genes at the interface
between abiotic and biotic stress
Philip M. Mullineaux1, Ulrike Bechtold1, Tracy Lawson1,
Shigeru Shigeoka2, Friedrich Schöffl3 and Jurriaan Ton4

1Dept. of Biological Sciences, University of Essex, Wivenhoe Park,
Colchester, CO4 3SQ, United Kingdom, mullin@essex.ac.uk,
ubech@essex.ac.uk, tlawson@essex.ac.uk

2Dept. of Advanced Bioscience, Kinki University, Nakamachi,
Nara 631-8505, Japan, shigeoka@nara.kindai.ac.jp

3Zentrum für Molekularbiologie der Pflanzen – Allgemeine Genetik,
Universität Tübingen, Auf der Morgenstelle 28, 72076, Tübingen,
Germany, friedrich.schoeffl@zmbp.uni-tuebingen.de

4Rothamsted Research, Harpenden, AL5 2JQ, United Kingdom,
jurriann.ton@bbsrc.ac.uk

Plants have to cope with a multiplicity of challenges in their nat-
ural environment for which they must develop tolerance. Does
this mean that regulatory genes such as those coding for tran-
scription factors can determine tolerance to unconnected stress-
es? Or are multiple genetic loci required to produce the combi-
nation of resistance phenotypes observed?  I shall describe our
very recent research which says that single regulatory genes can
control a series of diverse responses to stress. Our approach has
been to consider first how the plant perceives the stress at the
physiological level. This means, for example, that a typical heat
stress applied by many researchers may actually be perceived as
a dehydration stress. Therefore, regulatory genes classically asso-

ciated with one stress may, in reality, have a role in promoting tol-
erance to apparently unconnected stresses. Another example is
that several types of environmental challenge elicit the accumula-
tion of reactive oxygen species (ROS) as a common cellular
response. ROS then trigger a set of defence mechanisms that
ameliorate the effect of the environmental challenge. However, not
all cross tolerance to multiple challenges can be explained by
either of the above phenomena. I shall provide one example where
a heat shock transcription factor (HSF) is important in determin-
ing seed yield under a range of soil water deficits, promotes a
large increase in basal resistance to several pathogens as well as
eliciting heat stress tolerance. In doing so I hope to illustrate the
molecular basis of how this transcription factor may achieve con-
trol of diverse functions. These range from altered defence gene
expression to how the HSF achieves an influence upon lifetime
traits associated with growth and development. 

4.3.
Control of plant senescence and stress
responses by chloroplasts – involvement of
dual-targeted Whirly1
Karin Krupinska 
Institute of Botany, University of Kiel, Olshausenstrasse 40,
D-24098 Kiel, Germany, kkrupinska@bot.uni-kiel.de

Senescence is the last phase of development preceding death of
whole plants or plant organs such as leaves. Though senescence
is an age dependent process, it is also affected by various envi-
ronmental factors. Various stress situations (drought, tempera-
ture, light) might induce senescence prematurely. Chloroplasts
which are degraded during senescence of photosynthetically com-
petent tissues are at the same time sensors of the environmental
situation. Moreover, in response to stress chloroplasts produce
several signal compounds that are known to accelerate senes-
cence such as jasmonic acid, abscisic acid, salicylic acid and
ROS. Hence, chloroplasts are cellular integrators of environmen-
tal information and transduce this to the nucleus where gene
expression is adjusted to the actual demands.

Although plastid-to-nucleus signalling is a well-known phe-
nomenon, the factors involved in this retrograde communication
are elusive. Recently, we could show that the DNA binding protein
Whirly1 is located in plastids and the nucleus of the same cell
(Grabowski et al., 2008). It is hypothesized that Whirly1 is
sequestered in the organelles and might be relocated from one
compartment to the other upon environmental or developmental
clues (Krause and Krupinska, 2009). Investigations on
Arabidopsis Whirly1 knockdown mutants and barley RNAi plants
suggest that Whirly1 is a repressor of senescence and cell death.
A model on the mechanism of senescence repression by chloro-
plast derived Whirly1 is presented. 
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4.4.
Evidence for light wavelength-specific systemic
photoelectrical signalling and cellular light
memory in Arabidopsis thaliana
Stanisław Karpiński, Magdalena Szechyńska-Hebda
Department of Plant Genetics, Breeding, and Biotechnology,
Warsaw University of Life Sciences, Nowoursynowska 157, 
02-776 Warszawa, Poland, Stanislaw_karpinski@sggw.pl,
magdalena_szechynska_hebda@sggw.pl 

Plants are able to integrate inputs, process and prioritize their
outputs to survive and propagate in a hostile environment. Here
we show that systemic acquired acclimation is associated with
wavy changes in the non-photochemical quenching, reactive oxy-
gen species levels and photoelectrical signalling. In this study we
find, that signalling cascades from the chloroplast, initiated by
quantum-redox changes in PSII and in its proximity in response
to conditions that promotes EEE also play the role in regulation
of the photoelectrical signalling in plants. Photoelectrical sig-
nalling is transduced, at least in part, by the bundle sheath cells,
is light wavelength specific and its systemic propagation speed is
depending on ASCORBATE PEROXIDSASE 2 gene expression.
Our results suggest that photoelectrical signalling could be a com-
ponent of SAA signalling. We also find that leaves are able to
physiologically and specifically memorize excess of blue (450 nm)
and red (650 nm) light episodes. This memorized information is
used, for example, for improving their immune defences.

These findings have broad implications in the study of plant
light acclimatory responses, plant-microbe interactions, bacterial
pathogenesis and diseases, but also in the molecular eco-physiol-
ogy of plant behaviour. 

SK is grateful for the financial support from the Polish Science
Foundation, grant Welcome 2008/1 and from Knut and Alice
Wallenberg Foundation, MSH and SK are grateful for the financial sup-
port from EC, Maria Skłodowska-Curie fellowship MEIF-CF-2005-
024914.

4.5.
Implication of metabolic-dependent changes on
reducing power in the determination of ozone
risk threshold for higher plants 
Pierre Dizengremel, Didier Le Thiec, Matthieu Bagard,
Marie-Paule Hasenfratz-Sauder, Marie-Noëlle Vaultier, 
Joëlle Gérard, Jacques Banvoy, Ata Dghim, Yves Jolivet
UMR 1137 Forest Ecology and Ecophysiology, INRA/ Nancy-
Université, BP 70239, 54506 Vandoeuvre,France,
dizengre@scbiol.uhp-nancy.fr, le_thiec@nancy.inra.fr,
Marie-Paule.Hasenfratz@pharma.uhp-nancy.fr,
Marie-Noelle.Vaultier@pharma.uhp-nancy.fr,
gerard@scbiol.uhp-nancy.fr, banvoy@scbiol.uhp-nancy.fr,
Ata.Dghim@scbiol.uhp-nancy.fr, jolivet@scbiol.uhp-nancy.fr

Tropospheric ozone is one of the most important air pollutants
affecting crop and forest vegetation. Under long term exposure of
plants to low ozone concentrations biochemical processes are
affected prior to any detectable symptoms of injury. Until recent-
ly, the European critical level of ozone exposure associated to bio-
mass loss was based on the seasonal sum of the external con-
centrations of the pollutant above 40 nL.L-1 (AOT 40). A new con-
cept, taking into account the effective ozone flux in the leaf

through stomata and the internal defense capacity of the foliar tis-
sues is proposed (Musselman et al., 2006; Wieser and Matyssek,
2007). Among defense processes, we suggested to consider some
parameters linked to the production of the reducing power which
is essential to sustain the functioning of the detoxifying systems
(Dizengremel et al., 2008). In this report, we present preliminary
results on poplar and wheat species exposed to chronic ozone
fumigations. In the leaves of both species, the pools of NAD(P)H
appeared quite well maintained. This result could be the conse-
quence of a stimulatory effect on the activity of enzymes implied
in the biosynthesis of the reduced pyridine nucleotides. The
stimulation of the phosphoenolpyruvate carboxylase (PEPc) activ-
ity in these tissues validates this hypothesis: PEPc is involved in
the biosynthesis of malate, a mobile form of reducing power in
the cell. In addition, we have shown that the activities of cytosolic
enzymes involved in NADPH biosynthesis (NADP malic enzyme,
glucose-6-phosphate dehydrogenase) were stimulated in different
plant species exposed to a chronic ozone fumigation. We are run-
ning additional experiments to precise the level of regulation of
these enzymes (transcriptional, translational or post-translation-
al). The question will thus arise on how to use these metabolic
changes as indicators to improve the risk assessment for plants
exposed to ozone.
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4.6.
Stress-induced morphogenic responses in
plants: plants deal with stress in their own
time
Geert Potters1, Marcel A.K. Jansen2

1Department of Bioscience Engineering, University of Antwerp,
Groenenborgerlaan 171, B-2020 Antwerp, Belgium,
geert.potters@ua.ac.be

2Department of Zoology, Ecology and Plant Sciences, University
College Cork, Distillery Field, Cork, Ireland, m.jansen@ucc.ie 

Plants have several different ways of reacting to a wide range of
oxidative stressors. One specific way, generally overlooked, com-
prises (a) an inhibition of cell elongation (particularly in exposed
parts of the plants), (b) localised stimulation of cell division and
(c) complex alterations in cell differentiation status. This stress-
induced morphogenic response (short: SIMR) is brought about by
heavy metals, nutrient deficiency and UV irradiance and is there-
fore thought to imply a carefully controlled mechanism, mediated
by reactive oxygen species, and reminiscent of the plant pheno-
type induced by hormones, in particular by a redistribution of
auxins. 

Several possible mechanisms are being proposed, in which
either hormones and stress act independently, or by way of a
coordinated effort of auxins and ROS. Possible targets include
cellular redox state, peroxidase action, microtubule organisation
or auxin metabolism. Moreover, the existence of such a wide
range of different possible responses brings up several questions
regarding the rationale behind this complexity. This leads to a
novel definition of stress, where the plant-environment interac-
tion should be viewed in terms of a thermodynamic model, in
which not the specific pathway, but the achieved metabolic state
is biologically conserved.
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From an ecophysiological point of view, the stress-induced
morphogenic response is postulated to take part in a general
acclimation strategy, whereby a plant growth is redirected in
order to avoid the stress as much as possible. 

4.7.
Effect of temperature on carotenoid content
and composition in cyanobacterium
Synechocystis PCC6803 
Kinga Kłodawska1, Przemysław Malec1, Zoltan Gombos2,
Kazimierz Strzałka1

1Department of Plant Physiology and Biochemistry, Faculty of
Biochemistry, Biophysics and Biotechnology,
Jagiellonian University, 30-387 Kraków, Poland

2Institute of Plant Biology, Biological Research Center,
Hungarian Academy of Sciences, 6701, Szeged, Hungary

Temperature is the one of most critical environmental factors
which enable growth and development of living organisms.
Carotenoids are among the most potent molecules that are able
to protect photosynthetic and other energy generating processes
against various stress effects. Our earlier studies with pgsA
mutant of mesophilic cyanobacterium Synechocystis PCC6803
demonstrated the increase in the content of myxoxanthophyll and
echinenone upon stress conditions induced by phosphatidylglyc-
erol depletion (Domonkos et al., 2009). Also, myxoxanthophyll
has been found to be preferentially synthesized at low tempera-
tures (Varkonyi et al., 2002). Here, quantitative HPLC-based pig-
ment separation technique has been applied to study the
carotenoid content and composition in wild-type PCC6803 strain
grown at different temperatures (15–39°C) at standardized light
conditions (60 μE m-2s-1). Carotenoid derivatives were identified
on the basis of both their absorption spectra and their retention
times. A significant increase (approx. 2-fold) of the relative myx-
oxantophyll content in cells grown both at lowest (15°C) and high-
est (39°C) temperature was observed, in comparison to optimal
temperature conditions (25–30°C). In contrast, the relative con-
centration of β-carotene decreased noticeably both at low and
high temperatures. These results point to the importance of  myx-
oxantophyll in protection against a stress caused by extreme
temperature conditions.
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4.8.
Hydrogen peroxide generation in leaf veins
Ewa Niewiadomska1, Ireneusz Ślesak1, Christine Desel2,
Piotr Rozpądek1, Halina Ślesak3, Marta Libik1, 
Karin Krupinska2

1Institute of Plant Physiology, Polish Academy of Sciences,
Niezapominajek 21, 30-239 Kraków, Poland,
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2Institute of Botany, Christian-Albrechts-University of Kiel,
Olshausenstr. 40, 24098 Kiel, Germany

3Institute of Botany, Jagiellonian University, Grodzka 52,
31-044 Kraków, Poland

It is well documented that a majority of hydrogen peroxide of the
leaf is present in the proximity of leaf veins. Experiments with
Arabidopsis thaliana plants treated with excess light suggested
that increased H2O2 production in veins might occur via the
chloroplastic Mehler reaction (Fryer et al., 2003). However,
hydrogen peroxide is also enriched in veins under non-photoox-
idative conditions. The goal of this study was to analyze the pos-
sible sources of H2O2 under non-photooxidative conditions by
comparing catalase and superoxide dismutase activities in veins
and intervein areas of tobacco leaves. High levels of H2O2 in the
tissue close to the mid rib is accompanied by a lower activities of
catalase and the chloroplastic form of superoxide dismutase.
This might imply that photosynthesis and photorespiration are
not the main source of H2O2 in this part of the leaf. This is sup-
ported by a histochemical analysis which revealed that accumu-
lation of H2O2 is predominantly confined to the xylem tissue
(Ślesak et al., 2008). Analysis of hydrogen peroxide levels
revealed that in the veins, in contrary to the interveinal regions,
H2O2 is primarily associated with the plasmamembrane and cell
wall debris (Niewiadomska et al., 2009). Altogether, this data sug-
gests that veinal H2O2 is mainly generated in the apoplast in asso-
ciation with lignification and is not an indication of oxidative
stress. On the contrary, in veins in comparison to the midvein leaf
areas of M. crystallinum and N. tabacum leaves higher values of
potential PSII quantum yield indicate a higher resistance to pho-
tooxidative stress (Niewiadomska et al., 2009). We hypothesize
that preservation of PSII activity in the veins ensures remobilisa-
tion of the structural metabolites which is of special importance
during senescence.
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4.9.
Intact anthracene inhibits photosynthesis and
stimulates Hsp70 synthesis in algal cells
Anna Aksmann, Stefan Tukaj, Zbigniew Tukaj
Department of Plant Physiology, University of Gdańsk,
Al. Marszałka Piłsudskiego 46, 81-378 Gdynia, Poland,
anaks@ocean.ug.gda.pl, tukaj@biotech.ug.gda.pl,
biozt@ocean.ug.gda.pl

Intensive batch cultures (30°C, 2.5% CO2, 80-120 μmol × m-2 × s-1

PAR) were performed to examine the effect of polycyclic aromatic
hydrocarbon (PAH), anthracene (ANT), on green algae
(Chlamydomonas reinhardtii, Desmodesmus subspicatus). ANT
inhibited the growth of algae populations as well as the intensity of
photosynthesis and influenced chlorophyll a fluorescence parame-
ters measured by OJIP test. ANT diminished the performance
index (P.I.), the yield of primary photochemistry ( ΦPO), the yield of
electron transport (ΦEo) the efficiency of moving the electron
beyond Qa- (ψ0) and the fraction of active oxygen evolving complex-
es (OEC). The fraction of active PSII reaction centres (RC/CS0) in
the treated samples dramatically dropped. The most pronounced
change in ANT-treated cells was the stimulation of energy dissipa-
tion parameter (DI0/RC). The results lead to a conclusion that the
inhibition of photosynthesis in green algae cells may be one of con-
sequences of unspecific ANT-membrane interaction, resulting from
hydrophobic character of the hydrocarbon. SDS-PAGE and west-
ern blotting enabled us to show, that ANT stimulated synthesis of
Hsp70[cytosolic] and Hsp70B[stromal] in concentration- and time-
dependent manner. It is known, that exposition of plant cells to
anthropogenic pollutants (heavy metals, herbicides etc.) causes
synthesis of Hsp70 to defend against stress consequences (Torres
et al., 2008). However, very little is known about the role of heat
shock proteins in protection of plants from PAH-induced stress. In
the light of our findings it could be supposed that overproduction
of Hsp in ANT-treated cells may result from damages of the struc-
ture of intracellular proteins.

This work was partially supported by grant BW/ L110-5-0085-9 from
University of Gdańsk. 
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4.10.
Phenol and lipid compounds of  Rhododendron
L. different species while acclimation to 
forest-steppe climate condition of Ukraine
Tetiana Antoniuk, Oksana Sytar, Anatolij Kosyan, 
Alexander Okanenko, Nataliya Taran 
Kyiv National Taras Shevchenko University,64 Volodymyrska St.,
Kyiv, 03680, Ukraine, antonyk_t@bigmir.net

Ontogenetic development of rhododendrons, as "introduced",
substantially depends upon the climatic terms of natural habitat
of their growing. The evergreen representatives (Rh. fortunei, Rh.
ponticum, Rh. amesiae) of Rhododendron L. species, introduced
in the climatic terms of Kiev, were investigated in the period of
2007-2009. Beginning of vegetation period (begins in April) was
characterized by the active steryl glycoside synthesis maximal

accumulation of which is observed in a period of the mass flow-
ering of Rh. ponticum, Rh. amesiae,  Rh. fortunei (May – June)
connected to the increase of activity of metabolic processes. The
considerable decline of steryl glycoside content was observed in
the period of fruit ripening, which is in November for Rh. amesi-
ae and Rh. fortunei, and in October for Rh. ponticum.

The characteristic plant response to the stress factor action is
anthocyanin and flavonoid synthesis. All species explored had
growth of anthocyanin content from May till November, in partic-
ular in Rh. ponticum and Rh. fortunei in May and June, and in
Rh.amesiae in September and October. The insignificant antho-
cyanin content was observed during winter months.

The flavonoid content at the beginning of vegetation achieved
a spring maximum at all species explored. Insignificant flavonoid
content decline  in summer months we connect with the of syn-
thetic process decline in the drought conditions.

Temperature falling down in autumn period was accompa-
nied at all species by the accumulation of flavonoids and antho-
cyanins connected with plant adaptation which continued till
November. Increase of free sterol and sulfoquinovosyldiacylglyc-
erol (SQDG) content in photosynthesizing tissues of Rh. pon-
ticum at the sharp increase of temperature (to to +27°C) in sum-
mer months (June – July) was revealed.

While the decline of temperature in November sterol content
increased sharply in Rh. fortunei and Rh. ponticum, which was
stabilized in Rh. fortunei in a next month, but was high till April in
Rh. ponticum. The SQDG accumulation was also registered in Rh.
ponticum beginning from October and during all winter period.

The decline of monogalactosyldiacylglycerol content, digalac-
tosyldiacylglycerol  (DGDG) and SQDG accumulation in Rh. for-
tunei and Rh. ponticum was revealed. DGDG quantity was rela-
tively high and SQDG content  grew insignificantly in Rh.amesiae.

Leaf phenol and lipid composition study allows to character-
ize Rh.amesiae specie as more adaptable in climatic conditions
of forest-steppe of Ukraine.

4.11.
EPR study of Cr(VI) phytoremediation by
Callitriche cophocarpa (Sendtn.)
Joanna Augustynowicz, Anna Kostecka-Gugała, Henryk
Kołoczek
Department of Biochemistry, Institute of Horticulture, 
Agricultural University of Cracow, Al. 29 Listopada 54, 
31-425 Kraków, augustyn@ogr.ar.krakow.pl,
akg@ogr.ar.krakow.pl, koloczek@ogr.ar.krakow.pl

Callitriche cophocarpa Sendt. (Callitriche polymorpha Lönnr.) –
a widespread, aquatic macrophyte was found to be promising
phytoremediator of hexavalent chromium contaminants in aquat-
ic systems. In the last work the high accumulation capacity of Cr
by shoots of this species was demonstrated (Augustynowicz et al.,
2009). In this study the remediation of strongly toxic Cr(VI)
anions by shoots and roots of Callitriche cophocarpa was meas-
ured in vivo with the low frequency electron paramagnetic spec-
troscopy (L-band EPR). This method enabled to detect a signal of
unstable intermediate of Cr(V) followed by Cr(VI)→Cr(III) reduc-
tion (Kaszycki et al., 2005). This redox reaction is considered to
be useful mechanism of Cr(VI) detoxification due to the lower
redox potential and mobility of Cr(III) ions. The kinetic of Cr(V)
production was measured during 5 hours. Both roots and shoots
were able to reduce Cr(VI) ions effectively at the 1 mM concen-
tration reaching a close-to-plateau state after about 4 hours.
However, shoots exhibited considerably higher reduction capaci-
ty. To estimate vitality of 1 mM Cr(VI)-treated shoots, it was also
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examined the kinetic of modulated chl a fluorescence (Fv/Fm) of
leaves. Though after 5 hours the decay of chl a fluorescence was
observed to an average 68% of the beginning value, the plants still
exhibited significant photosynthetic activity. Since there is little
data available about chromium phytoremediation by shoots our
results point to Callitriche as a good model plant for further
investigation of heavy metal remediation mechanisms by photo-
synthetically active tissues. 

The authors are grateful to Dr. A.Waloszek (Jagiellonian University,
Kraków) for lending the PAM 210 fluorometer. This work was sup-
ported by the grant of Ministry of Science and Higher Education NN
304 326136.
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4.12.
Response to cadmium of tobacco expressing
pAhHMA4::AhHMA4 depends on air humidity
Anna Barabasz1, Ute Kraemer2, Marc Hanikenne3,
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Modification of heavy-metal uptake and distribution is a major con-
cern in biofortification and phytoremediation. In an attempt to
receive plants with increased Zn uptake and translocation to shoots,
AhHMA4, P1BATPase known to be responsible for Zn hyperaccu-
mulation and hypertolerance in Arabidopsis hallerii (Hanikenne et
al., 2008), was expressed under its constitutive promoter in tobac-
co. However, since Cd-hypertolerance appeared to be also depend-
ent on AhHMA4 (Hanikenne et al., 2008), in this study we examined
whether transgenic tobacco accumulates cadmium in altered
amount compared to wild type plants. Experiments were performed
on 5 week-old plants grown on 1/4 Knop's medium supplemented
with 0.25 and 4 μM cadmium under low (40%) and high (80%)
humidity. Expression of the transgene (by RT-PCR), Cd accumula-
tion in roots and shoots (by ASA) and the level of tolerance (assess-
ment of the appearance) were determined.

The AhHMA4 transgene under its own promoter was
expressed in roots and shoots of tobacco plants at similar levels
regardless of applied Cd2+ concentration. 

It appeared that plants grown in the presence of 0.25 μM
Cd2+ under low humidity (30%) accumulated in roots less cad-
mium than WT (65±17 μg/g DW and 165±23 μg/g DW respec-
tively). The shoot/root Cd concentration ratio in AhHMA4 and WT
plants was 1.48±0.16 and 0.81±0.10 respectively. However, the
differences were much less discernable when plants were
exposed to higher cadmium (4 μM). Under such conditions
shoot/root Cd concentration ratio was 1.52±0.07 (transgenic)
and 1.28±0.08 (WT), whereas root Cd concentration reached
455±34 μg/g DW and 607±36 μg/g DW respectively.

On the other hand, when plants were subjected to cadmium
under high humidity (80%), the pattern of metal accumulation, as
well as the concentration in root and shoot tissues, were at the
similar level. Our study demonstrates that contribution of the

transgene to modification of cadmium accumulation in the host
tobacco plant depends on both external cadmium concentration
and on the air humidity.

The research was financially supported by FP6 EU PHIME project
(FOOD-CT-2006-016253).
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4.13.
Modification of plasmodesmata ultrastructure
in maize leaves at low temperature
Anna Bilska1, Paweł Sowiński2,1

1Department of Plant Physiology and Biochemistry, Plant Breeding
and Acclimatization Institute, Radzików, 05-870 Błonie, Poland,
a.bilska@ihar.edu.pl

2Department of Plant Molecular Ecophysiology, Faculty of Biology,
University of Warsaw, Miecznikowa 1, 02-096 Warsaw, Poland,
pawes@biol.uw.edu.pl 

In maize, as in other C4 plants, short distance transport of photo-
synthates goes through numerous plasmodesmata crossing the
suberin lamella impermeable to aqueous solutions Sucrose, the
end-product of photosynthetic carbon metabolism, before being
loaded into the companion cell/sieve element (CC/SE) complex, also
moves symplasmically from the site of synthesis, the KMS cells, to
vascular parenchyma (VP) cells. As we have found earlier (Bilska
and Sowinski, submitted), low temperature slows down the trans-
fer of photosyntates on the path to vein, as the result of KMS/BS
and BS/VP plasmodesmata closure. The aim of this work was to
study the effect of chilling on maize KMS/BS and BS/VP plasmod-
esmata ultrastructure in detail. To do that, we visualise 3D struc-
ture of plasmodesmata on the basis of electron microscope micro-
grams, as well as cytolocalised some proteins suggested to be
involved in the mechanism of plasmodesmata closure.

The chilling-tolerant maize (Zea mays L.) line KW 1074 and
the chilling-sensitive CM 109 were used as the experimental
material. Plants were grown in a growth chamber (24°C/22°C
day/night) till the 3-rd leaf stage, and then half of the plants were
transferred to a cold chamber (14°C/12°C) for either four hours
or 28 h and the other half was kept as before as controls. Then
plant material was fixed according to the standard procedures for
either immunogold protein cytolocalization and electron
microscopy. The result of the study is the 3D model of changes of
maize KMS/BS and BS/VP plasmodesmata at low temperature.

4.14.
Protease activities during cold acclimation 
of perennial ryegrass (Lolium perenne L.) 
Aleksandra Bocian, Arkadiusz Kosmala, 
Zbigniew Zwierzykowski
Institute of Plant Genetics, Polish Academy of Sciences, Poznań,
Poland

Perennial ryegrass (Lolium perenne L.) is a forage grass species
with good quality and relatively high frost tolerance. During a
process of cold acclimation (CA), that increases the level of plant
frost tolerance, a rapid reconstruction of existing regulatory path-
ways in cells occurs. Protein degradation, dependent on proteol-
ysis, is one of the most essential components of plant responses
to low temperature stress. In the presented research, two 
L. perenne plants with different levels of frost tolerance – higher
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frost tolerant (HFT) plant with TEL50 = -15.13°C and lower frost
tolerant (LFT) plant with TEL50 = -11.42°C (after 21 days of CA) –
were selected to compare activities of proteolytic enzymes during
three weeks of CA. The protease activities were studied by per-
forming proteolytic enzyme assays at pH = 7.8. It was clearly vis-
ible that significant differences in the protease activities between
the selected plants appeared after five days of CA. Furthermore,
after three weeks of CA the activities of proteolytic enzymes
increased 3-times in the HFT plant and decreased slightly in the
LFT plant, compared to these enzyme activities detected in both
plants before CA. Further research will be of help in better under-
standing of the existing differences in proteolytic enzyme activities
between L. perenne plants distinct in the level of frost tolerance.

The work was partially supported by the Polish Ministry of Science and
Higher Education (grant no. PBZ-MNiSW-2/3/2006/21).

4.15.
Antioxidant responses in tubers of potato 
cultivars differing in dehydration tolerance
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Potato (Solanum tuberosum L) is highly sensitive to soil drought
and extracts less of the available water from the soil in compari-
son with other crops (Schlafleitner et al., 2007). Even very short
period of water shortage has negative effect on consumptive and
technological properties of potato tubers. Thus, tuber formation
and development serve as the best measure of drought resistance
(Watkinson et al., 2008). Our previous experiments showed that
19 d water withheld in the phase of tuberisation resulted in the
reduction of final tuber yield even up to 50% (Cekin cv).  

Antioxidative enzymes seem to be involved in diverse physio-
logical processes such as cell elongation, lignification and plant
defence mechanisms against environmental stresses. Among them
peroxidase (EC 1.11.1.7) is suggested to be an enzyme responsible
for tuberisation of potato plants and superoxide dismutase (EC
1.15.1.1) responsible for higher resistance of curtilobum potato
plants to abiotic stresses as compared to other plants. Therefore,
the question arises whether ten day soil drought applying in tuberi-
sation phase of potato development affects activity and pattern of
antioxidative enzymes like superoxide dismutase, peroxidase and
catalase (EC 1.11.1.6). Analytic electrophoresis of tuber extracts
under non-denaturating conditions (native PAGE) was performed
according to Laemmli (1972). Total peroxidase activity was meas-
ured spectrophotometrically Blackwell (1988).

It has been shown that the higher dehydration tolerance of
Tajfun cultivar was accompanied by the lower total peroxidase activ-
ity in tubers of plants growing throughout the experimental period
in soil with optimal water supply. The total activity of peroxidase
decreased with increasing water deficit at tuberisation phase inde-
pendently of plant dehydration tolerance level. However, the elec-
trophoretic pattern of peroxidase isoforms depends both on geno-
type and on sensitivity to water supply of potato plants.

Differential response of superoxide dismutase (SOD) activity in
potato subjected to soil drought was observed. In tubers of resistant
cultivar the MnSOD isoenzymes were non-detected and activity of
Cu/Zn-SOD isoenzymes decreased with soil drought development
whereas in sensitive cultivar the MnSOD isoenzymes activity
increased and the activity of Cu/Zn-SOD isoenzymes was stable. 

Catalase (class II) activity was only detected in sensitive
(Cekin) tubers and it activity decreased as soil drought developed. 

This work was financially supported by the Ministry of Agriculture and
Rural Development (MARD project HOR hn-4040 dec-/08).

4.16.
Rapid and slower response reactions of plant
shoots on salinization and drought at the root
zone
Natalia Budagovskaya
Institute of Plant  Physiology  of the Russian  Academy  of
Sciences, Botanicheskaya  35, Moscow 127276, Russia,
postnabu@mail.ru 

Rapid (min) and slower (h) response reactions of leaves and stems
of oat, barley, wheat, rice and buckwheat plants on increase and
decrease in NaCl concentration and drought at the root zone have
been studied using a highly sensitive method – laser interference
auxanometry (Budagovskaya, 2007). Addition of NaCl in increased
concentration to the root zone of plants caused a two phase
response reaction of leaves: decrease and the following increase in
their growth rate in each phase. Duration of the 1st phase was
shorter than that of the 2nd. Growth rate of leaves was restored by
the end of the 2nd phase (in few h after addition of NaCl). The 1st

phase may be related to rapid adaptive reactions and changes in
leaf turgor, the 2nd – to slower adaptive processes – de novo syn-
thesis of protectors. Introduction of NaCl in high concentration
caused stoppage in leaf and stem growth and shrinking of their tis-
sues as result of dehydration. Reversal of water transport in roots
under salinization has been demonstrated. Washing the roots of
NaCl rapidly restored the turgor of leaves and increased their
growth rate. Under drought conditions the growth rate of shoots
decreased rapidly. Shrinking of leaf and stem tissues was observed
after the stoppage of shoot growth under drought as well as at high
level of salinization. The data obtained provide information on
dynamics of response reactions of shoots on increase and decrease
of NaCl concentration, drought and watering at the root zone.
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4.17.
Involvement of protein phosphatases pp2c in
response of winter rapeseed (Brassica napus L.)
to drought stress 
Agata Cieśla1, Danuta Babula-Skowrońska1, 
Agnieszka Ludwików2, Jan Sadowski2 

1Institute of Plant Genetics, Polish Academy of Sciences, Poznań, 
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2Department of Biotechnology, Adam Mickiewicz University,
Poznań, Poland

Environmental conditions in Europe have dramatically changed.
Amount of atmospheric precipitation in our country, including
Wielkopolska, has dramatically decreased in recent years and
caused periodic drought seasons. This has a great influence on
plants, especially on production of crop plants. Winter rapeseed
(Brassica napus var. oleifera L.) is the most important oil plant
in Poland and its seed yield has been diminished for drought con-
ditions. Thus, it is of importance to understand mechanisms
which are activated in plant cells to control and adapt to water
deficiency. Complex networks of stress signal transduction are
involved in metabolic reorganization and adaptation to new envi-
ronmental conditions. Based on the knowledge accumulated for a
model plant Arabidopsis thaliana, we study drought response
mechanisms developped by B. napus. It is well established that

September 21–25, 2009, Kraków, PolandSTRESS TOLERANCE IN PLANTS

51Vol. 51, suppl. 2, 2009



one of the major role in drought stress response play protein phos-
phatases PP2C such as ABI1, ABI2, HAB1 and HAB2. These are
negative regulators of abscisic acid (ABA) signalization. During
dehydratation, PP2C are responsible for stress signal propagation
and metabolic changes like gene inactivation (ABI1), chromatin
remodeling (HAB1) or ion channels regulations. This report con-
cerns induction and repression of PP2C transcription during pro-
longed dehydratation and rehydratation of several lines DH of win-
ter rapeseed. We identified interesting differences in the gene
expression of four PP2C in genotypes under study. Distinct tran-
scriptional profiles of ABI2 and HAB2 induction during drought
stress and salt stress suggest their involvement in different steps of
stress signal transduction. We also compared expression of PP2C-
encoding genes with other marker genes known to be associated
with dehydratation such as Rab18 and PLDα1. Contribution of
PP2C homologues to a plasticity of the amphiploid B. napus
response during water deficiency will be discussed. 

4.18.
The xanthophyll cycle induction and chlorophyll
fluorescence in leaves of Plantago media
at adaptation to light regime of habitats
Olga Dymova, Ilya Zakhozhiy, Tamara Golovko
Institute of Biology, Komi Science Centre, Ural Division RAS, 
28 Kommunisticheskaya st., 167982 Syktyvkar, Russia,
dymovao@ib.komisc.ru

The pigment complex plays an important role in adaptation of
plant photosynthetic apparatus to environmental stress.
Acclimation responses tend to maximize light capture under
light-limiting conditions and to enhance the efficiency of protec-
tive mechanisms under excess light to avoid photooxidative dam-
age. We monitored the duirnal dynamics in chlorophylls (Chl),
carotenoids (Car) and Chl fluorescence in Plantago media plants
growing in sun and shade environments on the South Tyman
(62°45'N, 55°49'E). High light plants (HLP) grew on the open slope
at high photon flux density (1500 μmol m-2s-1) and low light
plants (LLP) inhabited the footslope in the dense grass stand. 

The photosynthetic pigment content (per dry weight) in leaves
of LLP was 1.5-2 times higher than in HLP. Pigment concentration
daily changes in LLP leaves were observed. In the morning and
afternoon, Chl and Car content in LLP leaves was higher by 45-50%
as compared to that in the evening. The green and yellow pigment
ratio was lower in HLP leaves. Zeaxanthin (Zea) was revealed in the
carotenoid spectrum of HLP. Zea indicates the de-epoxidized state
of the xanthophylls cycle (DEPS). Violaxanthin (Vio) and neoxan-
thin (Neo) were present in the carotenoid spectrum of the LLP
leaves, and Zea was founded in trace quantities. At deficiency of
irradiance, Vio and Neo contribute to light collection by the light-
harvesting complexes. The maximal photochemical efficiency of
photosystem II (Fv/Fm) in LLP leaves was not significantly different
from that of HLP leaves. Fv/Fm value varied in the range 0.74–0.81.
There were significant differences between the two leaf types in
light-response curves for the electron transport rate (ETR), the
ratio of photochemical (qP) and non-photochemical quenching of
Chl fluorescence (qN). The LLP leaves were characterized by lower
ETR and qP values. A correlation between an increase in qN and
Zea formation under high light conditions suggests that Zea has a
photoprotective function, dissipating excess energy by quenching in
the photochemical system of HLP leaves. Our data characterize
Plantago media as a physiologically plastic species, capable to
grow in different habitats due to high tolerance of its photosynthet-
ic apparatus to photoinhibition.

The research was supported by Russian Foundation for basic research
(Grant No. 07-04-00436).
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Antioxidants in germinability and desiccation
tolerance of lupine seeds
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Seeds of yellow lupine (Lupinus luteus L. cv. Juno) were collected
throughout their development on the mother plant to determine
whether the ability to germinate and to tolerate desiccation is relat-
ed to the level of free radicals and the changes of antioxidants.
Electron  paramagnetic resonance (EPR) – based analyses showed
that development of lupine seed was accompanied by generation of
free radicals with g1 and g2 values of 2.0049±0.0004 and
2.0029±0.0003, respectively. Free radicals level increased signifi-
cantly 25 days after flowering and decreased thereafter. The
amount of hydrogen peroxide was high in fresh immature seeds
and decreased during maturation drying. Ascorbate accumulated
in lupine embryos during early seed filling stage whereas  glu-
tathione content increased during late seed filling phase. During
maturation drying the redox state of both ascorbate and glu-
tathione pools shifted towards the oxidized forms. While superox-
ide dismutase (SOD) and ascorbate peroxidase (APX) activities
remained high at the early seed filling stage the activities of both
dehydroascorbate reductase (DHAR) and glutathione reductase
(GR) and that of  catalase (CAT) increased before seeds reached
physiological maturity  and decreased thereafter. The changes of
isoform patterns of antioxidative enzymes were observed during
seed maturation. Immature lupine seeds tested immediately after
harvest  acquired the ability to germinate when  were less than half-
filled and reached high tolerance to desiccation just after physio-
logical maturity. The physiological implications of the changes in
antioxidative machinery for the acquisition of desiccation tolerance
and seeds germinability are discussed.

4.20.
Periodic night-day chilling stress – the novel
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2Department of Metabolic Regulation, University of Warsaw,
Miecznikowa 1, 02 096 Warsaw, Poland,
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Low temperature is one of the most important factors affecting
plant growth. It limits the geographical range of many economi-
cally important crops, especially if they are cold-sensitive. Long-
term exposure of this kind of plants to low positive temperature
induces several changes in the chloroplast structure and photosyn-
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thetic parameters, combined with rearrangement of chlorophyll-
protein complexes (Garstka et al., 2005, 2007). Therefore an
attempt was made to analyze bean, a chilling-sensitive plant, and
pea, a chilling-tolerant one, during periodic chilling stress. Both
plant species were exposed to low temperature (5°C) at night
while the day-time temperature in the climate room was optimal
(22°C). Temperature changes weren't instant but occurred for
three hours.

Several techniques were used for detailed analysis: chloro-
phyll a fluorescence measurements, in intact leaves in vivo, for
detailed analysis of the functional activity of photosystem II, and
rough consideration of specific components of the photosynthetic
apparatus and molecular biology (gel electrophoresis, northern-
blot of thylakoid proteins) and biochemical (HPLC-MS – ATP and
lipids of thylakoid membranes, content of hydrogen peroxide,
analysis of the mitochondrial transmembrane potential) tech-
niques for comprehensive survey of possible correlations between
this experimental model and the previous one (long-term chilling
stress of cut leaves).

Acknowledgments: This research was supported by Polish Ministry of
Science and Higher Education funds (N303 010 31/0526).
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The process of loss of desiccation tolerance (DT) in germinating
seeds of tiny vetch (Vicia hirsuta), classified as orthodox, was
investigated. Between Oh and 72h of germination seeds were: (i)
dehydrated over saturated solution of NaCl (75% RH- relative
humidity), (ii) treated with polyethylene glycol (PEG) 6000 at -1,7
MPa osmotic potential, (iii) treated with PEG and then dehydrat-
ed as above. Germination test, electrolyte leakage, LEA proteins,
composition and content of soluble carbohydrates, level of ROS:
peroxide radical (O2

.-), oxygen peroxide (H2O2) and changes in
ascorbate acid (ASA) and dehydroascorbic acid (DHA), enzymat-
ic scavengers such as ascorbate peroxidase (APX), glutathione
reductase (GR), catalase (CAT), superoxide dismutase (SOD), and
malondialdehyde (MDA) were measured as potential factors asso-
ciated with DT. Comparing to dried seeds, germination rate of
seed pretreated with PEG and dried remarkably increased start-

ing from 48h of germination, and at the same time the electrolyte
leakage decreased. Moreover moderately strong correlation
between electrolyte leakage and MDA level was observed. Also the
effect of PEG treatment was observed in decreased O2

.- level in
germinating seeds beginning from 54h. H2O2 level increased dur-
ing germination in all used treatments. The content of low molec-
ular antioxidants and enzymes activities revealed significant
changes with decreasing trend. Two heat-stable proteins with
molecular mass of 46 kDa and 32 kDa were detected using anti-
K-segment dehydrin antibody. In general the level of identified
proteins was decreasing as seeds were germinating, however dry-
ing and PEG treatment caused that up to 48h of germination the
level of dehydrin-like proteins was as high as in dry stored seeds.
During germination decreased level of D-galactosides: raffinose
family of oligosaccharides (RFOs) and galactosyl cyclitols (Gal-C)
was detected. PEG incubation and/or drying resulted primarily in
increase of sucrose concentration, the main soluble carbohydrate
in germinating seeds. These results confirmed that DT of tiny
vetch seeds is multifactorial trait and that LEA proteins, soluble
α-D-galactosides, sucrose and antioxidants are important compo-
nents of protective mechanism determining DT in seeds.

4.22.
Engagment of enzymatic and non-enzymatic
antioxidants in regulation of oxidative stress 
in layer of Brassica pekinensis (Lour.) Rupr.
head 
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Zbigniew Miszalski1
1Institute of Biology, Pedagogical University, Podbrzezie 3,
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Non-enzymatic antioxidants such as water-soluble vitamin C or
lipid-soluble vitamin E as well as enzymatic antioxidants such as
superoxide dismutases, catalase and ascorbate peroxidase con-
tribute to defense system against oxidative stress and have been
shown to fulfill many essential functions in living organisms. It
is commonly known that vegetables such as cabbage are the
main source of some antioxidants and therefore they become an
interesting model for research leading to their better exploitation
in agricultural.

Differences in intensity of oxidative stress and antioxidant
system activity have been found in head of Brassica pekinensis.
Leaves from a different layers of pekinensis cabbage heads have
shown changes in H2O2 concentration. The highest level of H2O2
has been found in the central part of the cabbage head, while sig-
nificantly lower concentration was noted in both  outer and inner
parts of the head. From all detected isoforms of superoxide dis-
mutase only the activity of MnSOD has shown significant changes;
it decreased gradually towards the central part of the head. Since
MnSOD is known to be localized in mitochondria, we can suggest
that in these leaves mainly mitochondrial metabolism is engaged
in cousing oxidative stress. In the interior, etiolated layers of cab-
bage head higher level of ascorbate and ascorbate peroxidase was
noted and it is probable that they may participate in lowering of
oxidative stress in leaves in this part of cabbage head, while in the
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outer, green light-exposed layers tocopherols and catalase are the
main components involved in ROS scavenging.

On the basis of these results we speculate on the predomi-
nance of metabolic processes different layers of cabbage head. 

This work was partially supported by grant nr R1204502.

4.23.
Tocopherol effect on properties of model 
membranes of galactolipids extracted from
plastids of wheat exposed to cadmium stress
Barbara Gzyl-Malcher1, Maria Filek2, Maria Zembala3,
Jolanta Biesaga-Kościelniak2

1Department of Chemistry, Jagiellonian University, Ingardena 3,
30-060, Kraków, gzyl@chemia.uj.edu.pl

2Institute of Plant Physiology Polish Academy of Sciences,
Niezapominajek 21, 30-239, Kraków, mariafilek@excite.com,
J.Koscielniak@ifr-pan.krakow.pl

3Institute of Biology Pedagogical University, Podbrzezie 3,
31-054, Kraków, nczembal@cyf-kr.edu.pl 

The aim of experiments was to find out whether any changes in
tocopherol/galactolipids interaction can be connected with lipid
composition of plastids of cells cultured on the media with/without
cadmium presence. Lipids were extracted from winter wheat calli
initiated from immature inflorescence. Surface pressure – molecu-
lar area isotherms were recorded with a NIMA (Coventry, U.K.)
Langmuir trough (total area=300 cm2). Surface pressure was
measured using a Wilhelmy plate connected to the electrobalance.
Equimolar mixed solutions of galactolipids (MGDG or DGDG) and
tocopherol were prepared from the respective stock solutions.

The shape of the surface pressure – mean molecular area
isotherms recorded for α-tocopherol and galactolipids spread sep-
arately at water/air interface suggests that these substances form
monolayers in liquid expanded state. Lower values of the limiting
area at the highest membrane packing registered for lipids culti-
vated on media supplied with cadmium are a consequence of their
fatty acid composition – i.e. higher content of saturated acids.
These lipids are also more stable against the collapse process in
comparison to reference system (cultivating medium without Cd). 

Addition of α-tocopherol to lipid monolayer (in molar ratio
1:1) decreases the differences between parameters of monolayer
(the limiting area, the collapse pressure, the maximum com-
pressibility modulus) formed by lipids extracted from calli culti-
vated on pure medium and on medium supplied with cadmium.
Negative free energy of mixing obtained for equimolar mixture of
α-tocopherol-galactolipid suggests that interactions between these
compounds lead to formation of more stable systems. 

This work was supported by COST ACTION- FA0604 and grant KBN 1
T09A 122 30.

4.24.
Comparative effect of two selenium forms on
nitrate reductase activity in maize seedlings 
Barbara Hawrylak-Nowak
Lublin University of Life Sciences, Department of Plant Physiology,
Akademicka 15, 20-950 Lublin, Poland, bhawrylak@yahoo.com

The study was conducted in order to determine the effects of two
selenium (Se) forms on nitrate reductase (NR) activity and bio-
mass accumulation in maize (Zea mays L.) cv. Zlota Karlowa
seedlings. Plants were grown 14 days in Hoagland's nutrient solu-
tion (pH 6.2) under controlled environmental conditions: tem-

perature 25°C/20°C (day/night), 14/10 h photoperiod, and PPF
270 μmol m-2 s-1. Selenium was added to the solution as selenite
(Na2SeO3 × 5H2O) or selenate (Na2SeO4) to a final concentration
of: 0 (control), 5, 25, 50 and 100 μM Se. Regardless of Se pres-
ence, NR activity was found to be higher in the maize roots than
leaves. The roots of seedlings treated with the lowest selenite and
selenate concentration (5 μM) had 19 and 54%, respectively, high-
er NR activities than control plants. However, under 5 μM Se
treatment there was no significant changes in enzyme activity in
leaves. Moreover, the seedlings treated with 5 μM of Se generally
grew better than plants grown without Se addition. Enrichment of
medium with lowest selenite rate increased fresh weight (FW) of
the maize roots and shoots by 40 and 26%, respectively. The low-
est selenate application induced 11 and 21% increase in roots
and shoots FW, respectively.  At the higher Se concentrations (25-
100 μM) NR activity decreased progressively with increase in the
amount of Se in nutrient solution, especially in roots where at
presence of 100 μM selenite and selenate NR activity reached only
32 and 50% of control value, respectively. Moreover, maize
seedlings exposed to selenite had significantly lower NR activities
than those treated with selenate. The selenate application pro-
moted plant growth also at 25 and 50 μM Se level, at which a 18-
32% increase in fresh root and shoot biomass was observed. On
the other hand, 25 and 50 μM selenite treatment reduced
seedlings biomass by 18 and 64%, respectively. At 100 μM con-
centration both Se forms were phytotoxic, decreasing seedlings
FW by about 90 and 40%, in the presence selenite and selenate,
respectively. From these data it follows that selenite appears to be
much more toxic for maize seedlings than selenate, which can be
at least partially related to the changes in NR activity. 

4.25.
Effect of aminooxyacetic acid and light 
intensity on anthocyanins, photosynthetic 
pigments and phenylalanine ammonia-lyase
activity in seedlings of common buckwheat
(Fagopyrum esculentum Moench)
Marcin Horbowicz, Danuta Koczkodaj
Department of Plant Physiology and Genetics,
University of Podlasie, Prusa 12, 08-110 Siedlce, Poland,
mhorbowicz@ap.siedlce.pl

Effect of aminooxyacetic acid (AOA) – inhibitor of phenylalanine
ammonia-lyase (PAL) on seedlings of common buckwheat
(Fagopyrum esculentum Moench) was studiem. Germination of
buckwheat seeds (cv. Hruszowska) was carried out during 4 days in
thermostatic cabin at 24±1°C in darkness. From the seedlings were
excised roots and hypocotyls with cotyledons were placed in water
solutions of AOA (10-2 – 10-5 M). Treated with AOA excised seedlings
were grown for next 4 days with a 16 h photoperiod. Chamber tem-
perature was maintained at 24±2°C/16±2°C (day/night). Light was
provided by 400 W high-pressure sodium lamps (Philips Agro). Part
of seedlings were grown at light intensity 100 μmol m-2·s-1 and
another and another part at 200 μmol m-2·s-1. 

AOA clearly decreased light-induced formation of anthocyanins
and inhibited PAL activity in buckwheat hypocotyls, however
enhanced anthocyanins level in cotyledons. The results are similar
to obtained by Amrhein (1979). Light intensity had small influence
on AOA decreased anthocyanins content. In buckwheat cotyledons
AOA declined contents of chlorophylls a and b, as well as total
carotenoids. The effect was much clear in higher light intensity. 

REFERENCES:
AMRHEIN N. 1979. Biosynthesis of cyanidin in buckwheat hypocotyls.

Phytochemistry 18: 585–589. 
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4.26.
The modification of plasma membrane H+-
ATPase activity from cucumber seedlings
under cold
Małgorzata Janicka-Russak
Department of Plant Physiology, Institute of Plant Biology,
University of Wrocław, Kanonia 6/8, 50-328 Wrocław, Poland,
russak@biol.uni.wroc.pl

Low temperature is one of the most important environmental fac-
tor limiting the growth of the plants. To  adapt to cold stress,
plants must perceive low temperature signal and transform it into
biochemical responses. The primary site of low temperature
injury is plasma membrane and cell membranes are directly
involved in cold acclimation. Increase of permeability relating to
membranes damage is observed in plants that have been subject-
ed to cold. Thus, maintaining ionic balance and replenishing a
loss of essential substances in repairing processes is an impor-
tant issue in such conditions. Since active transport of solutes
into the cell is dependent on proton motive force generated by H+-
ATPase, changes in its activity seem to be essential for plant adap-
tations to cold stress. In the present study we have examined
alteration of plasma membrane H+-ATPase activity in cucumber
roots under low temperature. The plants were grown in low tem-
perature for 3 or 6 days. Part of the plants after 3 days exposure
to cold were transferred to control conditions (25°C) for next 3
days (post-cold, PC). The hydrolytic as well as transporting activ-
ities of plasma membrane H+-ATPase were decreased in plants
treated for 3 days with low temperature. However, the activity of
proton pumps was higher in plants treated with low temperature
for longer time (6 days) and in PC plants than in control plants.
The level of plasma membrane H+-ATPase mRNA was markedly
decreased in roots exposed for 3 days to cold. Moreover, the
increased H+-ATPase activity in plasma membranes isolated from
plants treated for 6 days with low temperature and from PC
plants was positively correlated with a higher level of PM-H+-
ATPase (CsHA3) transcript. The Western blot analysis with the
antibody against phosphothreonine showed that modification of
the activity of plasma membrane H+-ATPase under cold stress
did not result from phosphorylation/dephosphorylation of the
enzyme protein. 

Taken together, the presented data suggested that modifica-
tion of the plasma membrane H+-ATPase activity under cold
depends on the time of exposure plants to low temperature.
Moreover the action of low temperature occurs at the gene
expression level. 

4.27.
Molecular organization of the LHCII complexes
under Cu ions excess 
Ewa Janik1, Wiesław Gruszecki2, Waldemar Maksymiec1

1Department of Plant Physiology, Maria Curie-Skłodowska 
University, Akademicka 19, 20-033 Lublin, Poland, 

2Department of Biophysics, Maria Curie-Skłodowska 
University, Pl. Marii Curie-Skłodowskiej 1, 20-031 Lublin, Poland 

Cu is an essential micronutrient which plays a regulatory role in
photosynthetic electron transport but its excess may change the
structure and function of PSII. Our results demonstrate that
treatment of Secale cereale plants with 50 μM Cu (as
CuSO4·H2O) induces specific LHCII molecular organization
responsible for effective dissipation of energy excitation. FTIR
analysis show an increase in aggregated protein structure frac-

tions giving rise of bands localized at 1626 and 1610 cm-1. This
specific LHCII aggregation may be based on trimeric organization
stabilized by hydrogen bonds. The resonance light scattering
spectra indicate that Cu-induced LHCII aggregation causes exci-
tonic interaction between chlorophyll molecules and chlorophylls
and xanthophylls producing energy dissipation. This energetic
traps formation may be stimulated by changes of content of xan-
thophylls coupled with LHCII. Complexes isolated from Cu-treat-
ed rye leaves contain 9-cis violaxanthin fraction what enables con-
tact of neighboring antennae. These modifications of LHCII
molecular organization under Cu ions excess are a part of PSII
adaptation to stress condition. 

4.28.
Hormonal, hydraulic, and pH signals from
chilled roots to shoots in maize plants
Franciszek Janowiak1, Joanna Maślak1, Folkard Asch2

1Institute of Plant Physiology, Polish Academy of Sciences,
Niezapominajek 21, PL-30-239 Kraków, Poland,
fjanowiak@yahoo.com, maslakj@gmail.com

2University of Hohenheim, Institute for Crop Production and
Agroecology in the Tropics and Subtropics, Garbenstrasse 13,
D-70599 Stuttgart, Germany, fa@uni-hohenheim.de

Maize plants are often exposed to cool soil conditions in natural
growth environment in the northern zones of their cultivation.
Rapid and efficient root to shoot communication and an appro-
priate strategy in the coordination of root and shoot responses
are vital for plant adaptation and survival under these conditions.
The goal of the research was to determine the role of the export
of abscisic acid (ABA) in the transpiration stream, of the xylem
pH, and of the changes in root water potential (RWP) as active
root-born signals in the root to shoot communication in maize
plants under chilling stress of roots.

Research was performed on maize seedlings in a special hor-
izontal split-root system making it possible to chill only the lower
part of the root. At the 3–4-leaf stage this part of the roots was
chilled up to 36 h by submersion in cool (8°C), aerated nutrient
solution. During the treatment xylem sap was collected from
freshly de-topped and pressurised roots. Concentration of ABA in
xylem sap, roots and leaves was measured by ELISA and ABA
delivery rates to shoots calculated from xylem sap flow. 

The chilling of a part of the root did not cause any significant
decrease in shoot water content. In spite of this RWP dropped sig-
nificantly already after 2 h of root chilling and remained clearly
below that of control plants for the whole treatment period. ABA
levels in chilled roots increased after 4 h of treatment but much
more so in the chilling tolerant genotype than in the sensitive one.
Similarly, ABA concentration in xylem sap and ABA delivery rates
via transpiration stream in treated plants were above those of
control plants, especially in the chilling tolerant genotype. The
higher ABA concentration in xylem sap as well as the higher deliv-
ery rate from roots to shoots as compared to control plants both
caused a significant increase of ABA content in the leaves. The
alkalization of xylem sap in treated plants additionally increased
the trapping of ABA (anion trap) in xylem vessels and its trans-
port to leaves.
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4.29.
Timing of gene expression pattern in maize
leaves treated with severe cold (<10°C)
Maciej Jończyk1, Alicja Sobkowiak2, Anna Bilska2, 
Joanna Trzcińska-Danielewicz3, Jan Fronk3, 
Marek Skoneczny4, Paweł Sowiński1
1Department of Plant Molecular Ecophysiology, Faculty of Biology,
University of Warsaw, Warsaw, Poland

2Department of Biochemistry and Plant Physiology,
Plant Breeding and Acclimatization Institute, Błonie near 
Warsaw, Poland

3Department of Molecular Biology, Faculty of Biology,
University of Warsaw, Warsaw, Poland

4Department of Genetics, Institute of Biochemistry and Biophysics, 
University of Warsaw, Warsaw, Poland

Maize yield is limited by its cold-sensitivity, molecular mecha-
nisms of response to this stress are poorly understood. In this
study, in search of fast response to severe cold, changes in the
gene expression pattern during first 24 h after temperature
decrease was studied by means of microarray technique.

We used oligo microarrays designed and produced by the
Maize Oligonucleotide Microarray Project USA, comprising of
~48 000 oligos representing ESTs and cDNAs from The Institute
for Genomic Research (TIGR). We used the CM 109 inbred line
studied before in our group as a model chilling sensitive line in
physiological and ultrastructural research. Plants were grown in
a growth chamber (24°C/22°C day/night) till the third leaf stage.
For chilling treatment, half of the plants were transferred to a
cold chamber (8°C/6°C) at the end of photoperiod and the other
half was kept as before as a control. Material was taken and
frozen in liquid nitrogen every 200 min during dark period (3
samples) and 210 min during light period (4 samples). Every
sample consisted of middle parts of three separate leaves.

Hybridizations were done in a reference design, in four biologi-
cal replications with dye-swap between experiments. Isolation,
purification and hybridization was done according to the procedure
of the microarray supplier, with a minor modifications. The results
of microarrays scanning were normalized (Lowess curve), con-
trolled for quality (Principal Component Analysis, PCA), and statis-
tically analyzed (analysis of variance, ANOVA) with JMP Genomics
6.0.3 (SAS Institute). The p-values were then corrected for multiple
comparisons with the False Discovery Rate correction set at 0.01.
The time sequence in gene expression will be shown.

This work was supported by grant 1109/P01/2007/32, Ministry of
Scientific Research and Information Technology.

4.30.
Effect of double stress – UV-B radiation and
allelochemical substance – on transcript level
and activity of phenylalanine ammonia lyase
(PAL) in two genotypes of cucumber 
Anna Jóźwiak1, Monika Kozłowska1, Katarzyna Nuc2

1Department of Plant Physiology, Poznan University of Life
Sciences, Wołyńska 35, 60-637 Poznań,
anik_a@o2.pl, monkozlo@jay.au.poznan.pl,

2Department of Biochemistry and Biotechnology,
Poznan University of Life Sciences, Wołyńska 35, 60-637 Poznań,
ktnuc@au.poznan.pl

The phenylpropanoid pathway is responsible for synthesis a large
range of secondary products, which participate in plant response
to stress factors (e.g. drought, salinity, high temperature, heavy

metals, UV-B radiation) (Ali et al., 2006). First step of this path-
way is catalysed by phenylalanine ammonia lyase (PAL, EC
4.3.1.5), that deaminates L-phenylalanine converting it to trans-
cinnamic acid. In natural environment plants are subjected to
many stresses, mostly acting simultaneously or sequentially.

The aim of the study was to demonstrate the influence of UV
and allelochemical substance acting in combinations on PAL
activity and its transcript level. Cucumber genotypes (cold-S –
cold susceptible and cold-R – cold resistant) cultivated in a
growth chambers, were exposed to UV-B (6 hours at 16 kJ m-2d-1

– additionally to PhAR light) and 2mM ferulic acid (FA) – supplied
to vermiculite – and to a double stresses: UV-B plus FA acting
simultaneously and sequentially. Under UV-B radiation and
under both stresses applied simultaneously PAL was activated,
but there was no effect under ferulic acid influence as a single
stress. The level of PAL transcript was especially related to the
genotype response. In cold-S genotype the ferulic acid decreased
the transcript level as compare to control and UV radiated plants.
Under double stress the effects were negligible. The response of
cold-R genotype gene expression was stimulated under each of
single stress as well as under double influence. 

The activity of PAL in sequential stress combinations increased
during the experiments in both genotypes, but in a different way.
Additive effect independently of  factor application sequencing was
noted in cold-R plants but in cold-S ones similar effects were only
when radiation stress was at first. Molecular mechanism of the
response to sequential stresses is still in progress.

REFERENCES:
ALI MB, KHATUN S, HAHN EJ, PEAK KY. 2006. Enhanced of phenyl-

propanoid enzymes and lignin in Phalenopsis orchid and their
influence on plant acclimatisation at different levels on photo-
synthetic photon flux. Plant Growth Regulators 49: 137–146.

4.31.
Comparison of Cd and Cu effect 
on the vacuolar ATPase in cucumber roots
Katarzyna Kabała
Department of Plant Physiology, Plant Biology Institute,
Wrocław University, Kanonia 6/8, 50-328 Wrocław, Poland, 
kkabala@biol.uni.wroc.pl

The sequestration of heavy metals within the vacuole is one of the
detoxification mechanisms functioning in plant cells.
Accumulation of metals could be mediated by primary (ABC
transporters) or secondary (antiport with protons) active trans-
porters. The driving force for the secondary transporters is gen-
erated by the vacuolar proton pumps: V-ATPase and V-PPase. It
has been shown that activities and/or gene expression of tono-
plast enzymes have been induced in response to environmental
stresses including salinity, cold, anoxia or deficit of mineral nutri-
ents. However, the regulation of vacuolar proton pumps under
heavy metals remains still unknown. In this study we demon-
strate the effect of cadmium and copper on the V-ATPase activity
of tonoplast isolated from cucumber roots. 

Six-day-old cucumber seedlings were transferred to the solu-
tion containing CdCl2 or CuCl2 (10 μM or 100 μM) for 2 and 24
hours. Both hydrolytic and proton pumping activities of vacuolar
ATPase were significantly stimulated in tonoplast vesicles isolat-
ed from roots treated with copper whereas treatment of seedlings
with cadmium decreased it. When Cd or Cu ions were included
into the incubation medium the inhibition of ATP hydrolysis and
ATP-dependent proton transport has been observed at metal con-
centration range 10–100 μM. To explain whether heavy metals
could modulate the expression of genes encoding V-ATPase the
levels of specific transcripts CsVHA-A and CsVHA-c were deter-
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mined with semi-quantitative RT-PCR. It was shown that mRNA
levels of genes encoding V-ATPase were similar in cucumber
roots untreated (control) and treated with metals. The analysis of
ATP concentration in cucumber roots showed that both Cd and
Cu, when applied at 100 μM, diminished the level of substrate for
V-ATPase. Western blot analysis with antibodies against phos-
phothreonine demonstrated that at least one of V-ATPase sub-
units may be phosphorylated in metal-dependent manner. Heavy
metal-induced oxidative changes of tonoplast lipids were demon-
strated by determination of the MDA content. Exposure of plants
to 100 μM Cu but not Cd enhanced the lipid peroxidation in tono-
plast fractions isolated from cucumber roots. 

Concluding, treatment of cucumber plants with copper, con-
trary to cadmium, markedly stimulated V-ATPase activities. This
activation was not a result of direct Cu effect on the enzyme pro-
tein and did not involve the gene expression level. We suggest that
Cu ions modulate vacuolar ATPase activities indirectly via phos-
phorylation of some subunits or/and modification of vacuolar
membrane fluidity and permeability.

4.32.
Heat stress response of short- and long-stem
varieties of hexaploid triticale 
Liudmila Kabashnikova, Larisa Abramchik,
Vladimir Makarov, Natalya Pshybytko, Galina Savchenko
Institute of Biophysics and Cell Engineering, National Academy of
Sciences of Belarus, 27 Akademicheskaya str., 220072 Minsk,
Belarus, photobio@biobel.bas-net.by 

Response of two genotypes of hexaploid spring triticale (long-stem
"Ulyana" and short-stem – "Bogo") under heat stress (40–42°, 3 h)
was studied. According to value of the ratio of fluorescence inten-
sity of two forms of protochlorophyllide (Pd 657/Pd 635) higher
heat stability of the short-stem variety "Bogo" at a stage of etiolat-
ed seedlings was found out. The variety "Ulyana" was character-
ized by higher degree of aggregation Pd 657 in norm and its
strong decrease at heat stress.

The green "Bogo" seedlings were differed from "Ulyana" plants
by higher endogenous level of ABA, smaller size of leaves, coleoptiles
and roots, and faster development. Two genotypes had the same
chlorophyll content, whereas lower anthocyanins and carotenoids
amounts were observed in short-stem variety. Green seedlings of the
variety "Bogo" contained less products of lipid peroxidation as com-
pared with the variety "Ulyana", that testified to the low level of the
destructive processes in lipid matrix of cellular membranes. Activity
of lipid peroxidation decreased in two genotypes after heat stress. At
optimum temperature green seedlings of two varieties were not dis-
tinguished by the content of the soluble sugars presented mainly as
monosaccharides. After heating the total amount of soluble sugars
increased in both varieties approximately 1,5 times. 

Strong differences in mechanisms of the stress response at
level of energetic reactions in the protoplasts isolated from mes-
ophyll of leaves were founded for different genotypes. Protoplasts
of short-stem form were characterized by higher rate of oxygen
evolution and absorption, and also higher relative ATP content
per chlorophyll, at that 90% of ATP was detected in chloroplasts.
Heating of protoplasts during 10 min at 40°C caused some growth
of ATP content in short-stem variety (by 20 %) owing to activation
of photosynthetic reactions, and in long-stem variety (by 15 %) –
because of increase of cellular respiration.

Thus, the genotype dependence of stress response in long-
and short-stem triticale varieties was shown. 

4.33.
Interactions between reactive oxygen species
and nitric oxide in defense responses of tomato
suspension cultures to Botrytis cinerea
E. Kaczkowska, U. Małolepsza, S. Różalska
Department of Plant Physiology and Biochemistry, 
University of Łódź, Łódź, Poland, ulmal@biol.uni.lodz.pl

Cross-talk among reactive oxygen species (ROS), nitric oxide (NO),
and other signaling pathways in different kinds of plant-pathogen
interactions  has been extensively investigated recently. Generation
of ROS such as superoxide (O2

.-) and hydrogen peroxide (H2O2) dur-
ing  so-cold "oxidative burst" has been considered a central event in
activation of disease resistance. Studies of various plant-pathogen
interactions revealed striking correlation between the profile of ROS
formation and the outcome of interaction (resistance or susceptibil-
ity) in plants. Increasing evidence indicates that NO collaborates
with ROS in plant disease resistance initiation and execution, how-
ever, it is still controversial, especially regarding their contribution
to the defense responses to necrotrophic pathogens. 

In this study we estimated of B. cinerea infection develop-
ment and changes in ROS: superoxide, hydrogen peroxide and
nitric oxide generation in tomato suspension cultures differing in
susceptibility to the pathogen. The influence of elevated NO levels
resulting from SNP (sodium nitroprusside) treatment on the out-
come of the interaction and ROS generation was also studied.

Cell suspension cultures of tomato cultivars: -"Corindo"(C) –
more susceptible to B. cinerea and "Perkoz"(P) – less susceptible
were grown in Chandler medium supplemented with BAP (0,2
mg/cm3) and 2,4-D (1mg/cm3). Three-day old cell suspensions
were taken to experiments; some of them were treated with SNP.
Nontreated and SNP-treated cultures were inoculated with B.
cinerea conidia. The rates of infection development were com-
pared in the studied cell cultures in parallel with changes in ROS:
superoxide anion, hydrogen peroxide and nitric oxide concentra-
tions measured by spectrofotometric method and analysed with
the confocal microscope using DAF-DA fluorescent staining.

B. cinerea infection proceeded slower in the suspension cul-
ture of cv. "Perkoz" than in the suspension culture of cv.
"Corindio". Noticeable differences were observed in constitutive
ROS and NO concentrations in these cultures: ROS and NO con-
centrations were higher in the less susceptible cultivar (P) than in
the more susceptible one (C). SNP treatment markedly reduced
B.cinerea infection development. Both kinds of tomato  suspen-
sion cultures reacted to the treatment with SNP and then inocu-
lation with B. cinerea with enhanced synthesis of hydrogen per-
oxide, superoxide and nitric oxide but these reactions were faster
and stronger in cv. "Perkoz" than in cv."Corindo". 

4.34.
Modification of the intercellular contacts in
plant suspension cells through adaptation to
environmental stress
Anna Kasprowicz, Michał Michalak, Renata Janczara,
Przemysław Wojtaszek
Department of Molecular and Cellular Biology, Faculty of Biology,
Adam Mickiewicz University, Umultowska 89, 61-614 Poznań,
akas@amu.edu.pl

The cell wall-plasma membrane-cytoskeleton continuum is
responsible for mechanical integration of plant cells. Long-term
water deprivation leading to osmotic stress activates adaptory
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mechanisms which enable cell to function more or less normally.
During stepwise adaptation of tobacco BY-2 suspension cells to
growth in the presence of various osmotically active agents, cell
lines diverged into independent, osmoticum type-specific lines. The
changes in growth patterns were accompanied by the alterations in
the composition of cell walls. It was determined that cell walls of
cells grown in the presence of ionic agents were homogenous, while
longitudinal walls and cross-walls in cells adapted to ninionic
agents were significantly different. In plants, cross-walls within cell
files of axial organs exhibit specific properties that allow them to
act as domains of contact and intense intercellular communication
e.g. via endocytosis, and the sites of anchorage of cytoskeleton.
Similar properties were also observed in cross-walls connecting
cells grown in the presence of nonionic osmoticum.

This research was founded by the Polish Ministry of Science and
Higher Education grants: PBZ-KBN-110/P04/2004 and 2944/B/P01/
2008/34  to PW and grant of Dean of Biology Faculty for PhD students
and scholarship from European Social Fund Programme for PhD stu-
dents from Wielkopolska to AK.

4.35.
Methyl jasmonate as potential activator of
induced systemic resistance in tomato against
Fusarium oxysporum
Ewa Kępczyńska, Paulina Król 
Department of Plant Physiology and Biotechnology, 
University of Szczecin, Wąska 13, 71-415 Szczecin,
ekepcz@wp.pl, krolpaulina@poczta.fm 

Induced systemic resistance (ISR) of plant against pathogen is a
widespread phenomenon that has been intensively investigated
with respect to its potential use in plant protection. Among plant
hormones jasmonates have been reported to play an important
role; treatment of plants with these compounds increases resist-
ance to fungal pathogens. The present study was carried out to
determine whether methyl jasmonate (MeJA) (1) has an activity
against fungus  Fusarium oxysporum f.sp. lycopersici in vitro
isolated from seeds of Lycopersicon esculentum Mill; (2) as a
potential inducer of ISR is safe for treated plants; (3) had effect
on enhanced tomato defense responses including antioxidant
catalase, phenolic compounds and related enzyme phenylalanine
ammonia-lyase (PAL), directly involved in biosynthetic pathway of
phenolic compounds (4) and whether pretreatment of plant with
MeJA provide significant protection against F. oxysporum.
Application of MeJA to PDA medium at concentrations 0.01, 0.1
and 1mM markedly inhibited the spore germination, mycelial
growth of F. oxysporum, so it may play role as a fungus develop-
ment inhibitor. Pretreatment of tomato seeds with MeJA (0.01,
0.1mM) had no inhibitory effect on seed germination and seedling
emergence; only at the highest concentration (1mM ) this hor-
mone  had negative influence on these processes. Chlorophyll
a+b and reducing sugars contents in 15 days -old seedling leaves
slightly decreased only in response to MeJA at concentration
1mM. Thus, in MeJA (0.01, 0.1mM) treated plants main physio-
logical processes are not disturbed. Moreover, pretreatment of
seeds or seedlings with MeJA at all tested concentrations, also
1mM, increased contents and activities of various biochemical
defencemarkers such as antioxidant catalase activity, total phe-
nols including anthocyane accumulation and PAL activity.
Seedlings from seeds pretreated MeJA at 0.1mM concentration
and inoculated with F. oxysporum showed the best resistance
against fungus, average severity index (ASI) was the lowest com-
paring to control plants and those pretreated with MeJA at
0.01mM. These data indicate that exogenous MeJA have antifun-

gal activity in vitro, pretreatment of plants with this hormone at
concentration 0.1mM provides significant protection against wilt
disease caused by F. oxysporum probably through increasing the
level of phenolic compounds, PAL and catalase activitity.

The study was partially supported by the Ministry of Science and
Higher Education grant No. NN310107034.

4.36.
Effect of low light on structural and functional
changes in chloroplasts induced by short-term
heating
S.M. Kochubey, V.V. Shevchenko, O.Y. Bondarenko,
T.A. Kazantsev
Institute of Plant Physiology and Genetics, National Academy of
Sciences of Ukraine, 31/17 Vasylkivska str., 03022 Kiev, Ukraine

Earlier we have shown changes in some structural and function-
al characteristics of pea chloroplasts induced by short-term (5
min) heating at dark at 45°C. Sizes of chloroplasts become less,
grana structure is changed, photochemical activity of PSI and
PSII was reduced. 

White light of intensity in the range 5000–20000 lux shows a
protective effect. The sizes of chloroplasts were decreased only by
5% instead of 12% at heating in dark. Distribution in yields of
subchloroplast fragments obtained by digitonine becomes more
similar to that observed for control. It indicates less damage of
chloroplast ultrastructure. Changes in low temperature fluores-
cence spectra and excitation spectra of fluorescence detected at
735 nm demonstrate variations in organization of membrane pig-
ment-protein complexes. The variations are appeared less when
chloroplasts were heated at presence of low light. Low light influ-
ence on functional characteristics was as follows. Yield of PSII
photochemistry was reduced only by 20-30% instead of 70-80%.
For PSI it has been revealed, that all three components in the
kinetics of P700 oxidation are found out as well as in the control.
Intensity of P700 signal appears lower only by 40% instead of
80% as it is found out for dark heating.

Thus, low light reveals protective effect at chloroplast heating,
both in relation of their structural and functional characteristics.
But this factor is not able to prevent heat damage completely.

4.37.
Initial chcaracteristic of RbcX proteins from
Arabidopsis thaliana
Piotr Kolesiński, Andrzej Szczepaniak
Department of Biophysics, Faculty of Biotechnology, University of
Wroclaw, Przybyszewskiego 63/77, 51-148 Wroclaw, Poland,
piotrek@ibmb.uni.wroc.pl, aszczep@ibmb.uni.wroc.pl 

In most cases, in the cyanobacterial RuBisCO operon, the rbcX
gene is juxtaposed and cotranscribed with the rbcL and rbcS
genes, which encode large and small RuBisCO subunits, respec-
tively. It has been proved that the rbcX position is not random
and that the RbcX protein is a chaperone for RuBisCO
(Saschenbrecker et al., 2007). In Arabidopsis thaliana genome
two genes encoding proteins of significant similarity to cyanobac-
terial RbcX have been found. Here we present that both genes are
expressed in this higher plant. Quantitative RT-PCR experiment
revealed that one of these genes in most cases is expressed at rel-
atively stable level, while transcript level of the second one
changes significantly under various stress conditions. Although
there is no possibility to express properly folded RuBisCO from
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higher plants in E. coli, we have shown that both recombinant
RbcX proteins from Arabidopsis thaliana reveal chaperonin activ-
ity during assembly of RuBisCO from thermophilic cyanobacteria
Thermosynechococcus elongatus BP-1 in E. coli cells.
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4.38.
The antioxidant systems in Chlorella vulgaris
cells during phosphate deficiency
Bożena Kozłowska-Szerenos, Elżbieta Salik, Anna Olędzka
Departament of Plant Physiology, Institute of Biology,
University of Białystok, Świerkowa 20B, 15-950, Białystok,
Poland, bokoz@uwb.edu.pl

Chlorella vulgaris Beijerink cultures with complete (control) or
phosphate deficient (-P) liquid Knop medium were grown for 5 or
12 days. Cells from phosphate deficient cultures displayed symp-
toms of increased oxidative stress, e.g., higher level of hydrogen
peroxide and of the lipid peroxidation products. In -P cells the
activities of superoxide dismutase, ascorbate peroxidase, and the
total ascorbate (ascorbate + dehydroascorbate) level were higher
than in control cells. The 5-day old cultures, in contrast to 12-day
old, from deficient medium displayed an enhanced excretion of
vitamin C components (mainly dehydroascorbate) into the cul-
ture media. It is concluded that insufficient phosphate feeding,
which limits growth and photosynthesis, intensifies the oxidative
stress in cells. The efficiency of antioxidative mechanisms in C.
vulgaris stressed cells may be limited by the absence or low activ-
ity of dehydroascorbate reductase, an enzyme in the ascorbate-
glutathione cycle, that catalyzes the reduction of dehydroascor-
bate to ascorbate. The potentially low activity of dehydroascor-
bate reductase in 5-day -P cells, may be a causal factor resulting
in a relative increased dehydroascorbate excretion into the media.
After prolonged phosphate deficiency, i.e., up to 12-day Pi limita-
tion, the ascorbate-glutathione cycle or the alternative pathway(s)
with participation of monodehydroascorbate reductase which,
directly utilizes NADPH as reductant, have an increased activity.

4.39.
Internalization of lead with low-esterified
pectins in tip growing moss protonemata.
Lead sequestration compartments
Magdalena Krzesłowska1, Marta Lenartowska2,
Sławomir Samardakiewicz3, Henryk Bilski4, Adam Woźny1
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2Laboratory of Developmental Biology, Institute of General and
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3Laboratory of Electron and Confocal Microscopy,
Adam Mickiewicz University, Umultowska 89,
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Pb remobilization from the cell wall  (CW) by internalization with
low-esterified pectins (JIM5-P), was the main aim  of the study.

In addition , the final compartment for lead sequestration was
identified. The object of the study  was the tip-growing apical cell
of Funaria hygrometrica protonemata – exposed to 1mMPb, 4h.
Final Pb sequestration compartments were detected in pulse-
chase experiments. 

Pb exposition resulted in common internalization of JIM5-P
from CW. Pb bound to JIM5-P was remobilized from CW, together
with this compound and transported via the endocytic pathway into
plant protoplast. The main compartments for final Pb sequestra-
tion were CW, its thickenings (CWT) and vacuole (V). In CW and
CWTs Pb was separated from protoplast by the callose layer.

Detection of Pb internalization together with JIM5-P showed
that Pb deposition  in CW is not as safe for plant cells as previ-
ously supposed. Successful lead sequestration in the apoplast is
possible because plant cells  possess the mechanism(s) protect-
ing them from Pb returning, e.g. separating removed Pb from the
protoplast by the callose layer. The obtained results shed a new
light, both on the heavy metal uptake problem and on the role of
CW in  plant cell tolerance strategy. 

4.40.
Low-temperature and (+/-)menthol induced
transmembrane potential changes in the 
liverwort Conocephalum conicum L.
Kamila Kupisz, Elżbieta Król, Halina Dziubińska,
Kazimierz Trębacz
Department of Biophysics, Institute of Biology,
Maria Curie-Sklodowska University, Akademicka 19,
20-033, Lublin, Poland, kamila.kupisz@umcs.lublin.pl,
ela.krol@umcs.lublin.pl, Halina.Dziubinska@umcs.lublin.pl,
Kazimierz.Trebacz@umcs.lublin.pl

(+/-)Menthol belongs to the group of "cooling compounds", which
are cold receptor agonists in animals (Patapoutian et al., 2003).
To check if it evokes "cold sensation" in plants, the effect of (+/-)
menthol on the transmembrane potential changes in
Conocephalum conicum was examined. Conocephalum conicum
is one of the philogenetically oldest terrestrial plants and, because
of its excitability, it is a very convenient object of electrophysio-
logical research. It generates action potentials (APs) in response
to depolarizing current, illumination, and sudden cooling. Plant
responses evoked by (+/-)menthol were compared with those
evoked by cold stimuli. It has been shown that (+/-)menthol caus-
es generation of one AP at 1 mM concentration and two or more
APs at 10mM. A temperature drop always evokes only one action
potential irrespective of the strength and rate of cooling.
Incubation of plants in 11°C or 5°C standard solution in most
cases does not inhibit APs evoked by menthol, and it does not
always suppress AP responses to cold, either. 

The liverwort with anion channels blocked by antrahence-9-car-
boxylic acid (A9C) and potassium channels blocked by tetraethylam-
monium (TEA) exhibits approximately 22 mV depolarization of the
resting potential in response to 10 mM menthol. In the same condi-
tions cooling evokes dose-dependent voltage transient responses
(VT). Blocking of only potassium channels resulted in slow long-last-
ing higher depolarization by menthol (36 mV) and similar long-last-
ing depolarization caused by cooling. Those changes last during the
action of both stimuli; after ceasing of cooling or menthol washout
the resting potential returned to the initial value. 

Differences in electrical responses to cooling and menthol
indicate that different membrane transporters are activated by
these two treatments. 
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4.41.
Influence of lead and nickel ions on oxidizing
processes in seedlings of winter rye
Alexander S. Lukatkin1, Mikhail E. Stepanov1,
Kazimierz Strzałka2

1Department of Botany and Plant Physiology, N.P.
Ogarjov Mordovian State University, Bolshevistskya 68, Saransk,
430005, Russia, aslukatkin@yandex.ru 

2Department of Plant Physiology and Biochemistry, Faculty of
Biochemistry, Biophysics and Biotechnology,
Jagiellonian University, Gronostajowa 7, Kraków, Poland,
strzalka@mol.uj.edu.pl 

Increasing input of heavy metals (HM) in an environment leads to
soil pollution which, in turn, affects plants at a cell, tissue, organ-
ism and population levels. Toxic effects of HM are especially
essential in the case of cultivated plants grown near to large cities.
The central role in cell reactions to stress factors play oxidizing
processes occurring as a result of enhanced formation of reactive
oxygen species (ROS) – superoxide radical O2

-*, hydroxide radical
OH*, hydrogen peroxide H2O2, and their derivatives. These ROS
can react with many molecules in cells, leading to their oxidation.
In order to study the relevance of HM ions in oxidative stress,
winter rye (Secale cereale L., cv. Relay-race of Tatarstan)
seedlings were grown on distilled water (Control) or on solutions
of lead and nickel salts (Pb (NO3)2 and NiSO4) at various concen-
trations (1 mmol/l; 100 and 10 μmol/l) in growth chamber with a
12 h photoperiod at a light intensity 200 μmol m-2c-1 at 22°C.
After 7 days lipid peroxidations (LPO) as well as the rate of super-
oxide anion (O2

-*) generation was determined in leaves of the
seedlings.

It was revealed that both metals lead to increased LPO level
in all variants. At lowest concentration of Pb the increase in the
malone dialdehyde (an end-product the LPO) contents was 75%
as compared with control, and in case of nickel it was only 25%. 

In the case of  superoxide anion, at the micromolar concen-
trations of HM, the rate O2

-* generation was on control plants level
(in case of Ni2+) or a little above (in case of Pb2+). However, the
rate of O2

-* generation decreased to 57% at high concentration of
Pb2+, probably, because of reduction in the oxygen-consuming
and O2

-*-generating enzyme activities. 
Thus, oxidative stress symptoms in rye seedlings were caused

by lead and nickel ions (in micromolar concentrations). These
symptoms are: an increased LPO level and enhanced ROS gener-
ation. Stronger effect of Pb2+ in comparison with Ni2+ was found. 

This work was supported by Program "Development of Scientific
Potential of Higher School", Project no. 2.1.1/624.

4.42.
Heavy metals cross-talk in Pisum sativum L.
root cells
A. Małecka1, A. Piechalak1, A. Mensinger1, A. Hanć2,
D. Barałkiewicz2, B. Tomaszewska1

1Department of Biochemistry, Institute of Molecular Biology and
Biotechnology, University of Adam Mickiewicz, Umultowska 89,
61-614 Poznan, Poland, arletam@amu.edu.pl

2Department of Trade Element Analysis by Spektroscopy Method,
Faculty of Chemistry, University of Adam Mickiewicz,
Grunwaldzka 6, 61-780, Poznan, Poland

Heavy metals derived from various anthropogenic sources (indus-
trial effluents and wastes, urban runoff, sewage treatment plants,
boating activities, agricultural fungicide runoff, domestic garbage

dumps and mining operations), have progressively affected the
environment and ecosystems. Of major concern with respect to
plant exposure as well as human food-chain are the metalloids:
arsenic (As), selenium (Se), and the metals cadmium (Cd), mer-
cury (Hg), and lead (Pb). Heavy metals can influence on physical
and chemical processes in living organism. One of the effects of
heavy metals is increased generation of reactive oxygen species
(ROS) such as superoxide anion (O2

-.), hydrogen peroxide (H2O2),
and hydroxyl radical (OH.), which results in oxidative stress. At
high concentrations, ROS have negative influence on the function
of all cell organelles. They damage major cell components: pro-
teins, lipids and nucleic acids. Plant cells can tolerate ROS by
endogenous protective mechanisms involving antioxidant mole-
cules (ascorbate, cysteine, glutathione, phytochelatins and α-toco-
pherol) and enzymes (superoxide dismutases SOD; catalase CAT;
ascorbate peroxidase APOX; glutathione reductase GR), imbal-
ance between production and quenching of ROS leads to plant
damage breaking down the defense system of cells.

The goal of our study was to broaden our knowledge about
processes, which occur in cells of plant roots exposed to four dif-
ferent heavy metals. The heavy metals (Cd, Pb, Cu, Zn) absorbed
by the roots brought about oxidative stress conditions through
the ROS production for the Pisum sativum L. plants cultivated
hydroponically for 96 h on a Hoagland medium with the addition
of 100 μM: CdCl2, Pb(NO3)2, CuSO4, ZnSO4. 

The alterations in O2
-. and H2O2 concentrations were moni-

tored spectrophotometrically showing a rapid increase of O2
-. pro-

duction during the initial 24 h, and in case of H2O2 – during the
48 h of cultivation. The maximum level of O2

-. we shown in plants
treatment Cu and Cd ions and the maximum level of H2O2 -in
plants exposure for Cu and Zn. The production of O2

-. and H2O2
was visualized by means of fluorescence microscope technique.
As stress intensity raised so did the activities of SOD, CAT and
GR antioxidative enzymes. and of low-molecular antioxidants,
particularly glutathione (GSH), homoglutathione (h-GSH) and
cysteine substrate towards their synthesis. We shown changes in
redox state (GSH/GSSG) in root cells in Pisum sativum L. grown
with heavy metals: Pb, Cu, Cd, Zn.

4.43.
Dark-chilling induced lipoxygenase 6 
association with thylakoid membranes 
in the common bean (Phaseolus vulgaris L.)
Radosław Mazur1, Lucja Rudowska2, Izabela Rumak1,2,
Piotr Kozlowski3, Joanna Trzcińska-Danielewicz3,
Michał Hapka1, Wojtek Michalski4, Agnieszka Mostowska2,
Maciej Garstka1

1Department of Metabolic Regulation, Faculty of Biology,
University of Warsaw, Miecznikowa 1, 02-096 Warsaw, Poland,
rmazur@biol.uw.edu.pl, iza.rumak@biol.uw.edu.pl,
michal.hapka@gmail.com, garstka@biol.uw.edu.pl

2Department of Plant Anatomy and Cytology, Faculty of Biology;
University of Warsaw, Miecznikowa 1, 02-096 Warsaw, Poland,
lucja.rudo@gmail.com, mostowag@biol.uw.edu.pl

3Department of Molecular Biology, Faculty of Biology,
University of Warsaw, Miecznikowa 1, 02-096 Warsaw, Poland,
pkozlowski@biol.uw.edu.pl, jtd@biol.uw.edu.pl

4CSIRO Australian Animal Health Laboratory, Private Bag 24 
Geelong, VIC 3220, Australia, wojtek.michalski@csiro.au

It has been demonstrated before that low temperature induced
changes in chloroplast structure and function of chilling sensitive
(CS) plant species caused by arrangement of chlorophyll-protein
complexes inside thylakoid membranes (Garstka et al., 2005,
2007). We found out that in CS common bean (Phaseolus vul-
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garis L.) dark-chilling stress induces association with thylakoid
membranes of the lipoxygenase 6 (LOX6), which is probably
involved in oxylipin synthesis against wounding and non-host
pathogen infection (Porta et al., 2008).

For detailed analysis of LOX6 we carried out both molecular
biology (immunodetection, mass spectrometry and northern-blot)
and microscopy (electron microscopy with immunogold labeling)
techniques. Performed analysis has shown increased PvLOX6
mRNA and LOX6 protein levels in thylakoids during dark-chill-
ing. Furthermore we observed reversal changes in LOX6 molecu-
lar weight. Microscope images confirmed chloroplast localization
of bean lipoxygenases.

This research was supported by Polish Ministry of Science and Higher
Education founds (N303 010 31/0526).
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4.44.
Function and properties of root cell walls
under salinity conditions 
Nataly Meychik, Saeid Honarmand, Yulia Nikolaeva,
Igor Yermakov
Moscow State University, Leninskiye gory, 1/12, 119899 Moscow,
Russia, meychik@mail.ru

Ion exchange properties and swelling capacity of suaeda (Suaeda
altissima L. Pall), spinach (Spinacia oleracea L., Matador cv.) and
chickpea (Cicer arietinum L.) root cell walls were investigated under
different salinity condition. It was found that, there are 3 cation-
exchange groups (two types of carboxyl groups and phenolic group)
and one anion-exchange group (amine group) in the plant root cell
walls. The total quantities of cation exchange (St

cat) and anion
exchange (St

an) groups were determined, and the quantity of func-
tional groups of each type (ΔSj) was estimated, and the correspon-
ding values of pKa

j were calculated. The St
cat and St

an as well as ΔSj

were demonstrated to be are stable at any pH and electrolyte con-
centration (CNa+) of the medium. The values of pKa

j and ΔSj indicate
that the root cell walls of tested plants are identical in qualitative
structure of ionogenic groups but vary in the quantity of each iono-
genic group. It was shown that for all types of cation exchangeable
groups arranged in cell wall structure the acid properties are
enhanced by the increasing of electrolyte concentration. It was found
that swelling of root cell walls changes with pH, CNa+ and strongly
depends on plant species. In the pH and CNa+ range covered the
swelling coefficient varies in the following sequence: chickpea
spinach   suaeda. The results indicate that for tested plant species
such sequence of change in swelling is connected with different
cross-linked degree of the polymers in cell wall structure, different
summarized quantity of carboxyl groups and different total quanti-
ty of functional groups. Based on known data and experimental
results of present study it was concluded that the change in cell wall
swelling in response to variances of environmental or initial condi-

tions leads to the change in volume water flow through the plant
roots. The results of this investigation point to the fact that both the
transport of mineral solutes within the apoplast and the volume
water flow through the plants are highly sensitive to environmental
influence on the ion exchange properties of plant root cell walls. 

The work was supported by the Russian Foundation for Basic
Research (project No 08-04-01398-a).
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An attempt to understand the mechanisms
of structural changes in cold-sensitive
and cold-tolerant plants' chloroplasts
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Low temperature is one of the most important factors affecting
plant growth. It is known that a long-term exposure of chilling-
sensitive plants to low positive temperature induces several
destructive changes in the chloroplast ultrastructure combined
with rearrangement of chlorophyll-protein complexes (Garstka
et al., 2005, 2007). Ultrastructural changes in chloroplasts
caused by physiological fluctuations of temperature are not
well-known yet. Therefore an attempt was made to analyze these
changes in bean (a chilling-sensitive plant) and pea (a chilling-
tolerant one) during periodic chilling stress. Both plant species
were exposed to low temperature (5°C) at night while the day-
time temperature in the climate room was optimal (22°C). 

The observed changes were related to substantial differences
in starch content, swelling of chloroplast lamellae, numbers and
structures of grana, and the content of plastoglobules.
Significant modifications were observed in bean. In control con-
ditions bean chloroplasts showed barely distinguishable grana
filling the chloroplast stroma. On the third day of dark-chilling
stress an increase of unstuck thylakoid membranes was notice-
able as well as emergent irregularity of grana composition.
During the chilling process the content and size of plastoglobules
increased and swelling, disruption and degradation of chloro-
plast membranes were also noticeable. Pea, the chilling-tolerant
plant, underwent quite a similar structure rearrangement but on
a very low scale and only after several days of stress. In pea,
ultrastructural changes were suggested to represent an adaptive
response of the plant rather than a destructive one, just like in
long-dark-chilling stress described in previous study (Garstka et
al., 2005, 2007).

This research was supported by Polish Ministry of Science and Higher
Education funds (N303 010 31/0526).
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4.46.
Pharbitis nil metallothionein-like-gene type 2
and its potential in phytoremediation
Agnieszka Mierek-Adamska, Grażyna Dąbrowska, Anna Goc
Department of Genetic, Nicolaus Copernicus University,
Gagarina 9, 87-100 Toruń, Poland,
agamon@doktorant.umk.pl, browsk@uni.torun.pl, goc@umk.pl 

Because of the toxicity of heavy metal there is urgent necessity to
develop efficent and cheap methods of soil remediation. The con-
ventional methods of remediation are rather ineffective and
expensive, and often may destroy natural habitats. As a result
some alternative methods have arisen. One of this method is phy-
toremediation. This method comes in several forms like phytoex-
traction, phytostabilization or pytovolatilization (Padmavathiamma,
and Li, 2007).

Metallothioneins (MTs) are low molecular weigh, cysteine-
rich metal binding protein. They are one of the best-character-
ized heavy-metal binding ligands. MT genes have been found
through-out the animal and plant kingdoms as well as in some
prokaryote species. Based on the arragement of the cysteine
residue in plants MTs are classified into four types.  In animals
MTs protect against cadmium toxicity, but their function in
plants is still elusive. Exposure of plants to various heavy met-
als increases the expression of MT genes. Probably MTs confer
resistance to heavy metals in intact plant cells. The manipula-
tions of MT genes expression may be potential mechanism for
increasing the remedial capacity of plants (Cobbett and
Goldsbrough, 2002).

Primary results suggest that Pharbitis nil metallothionein-
like-gene type 2 is involved in heavy metal detoxification and it
may be used for creating transgenic plant with phytoremediation
potential.

This reasearch was partially supported by Nicolaus Copernicus
University grant number 305-B and by European Social Fund and
National Budget within the framework of  The Integrated Regional
Operational Programme, Measure 2.6 "Regional Innovation Strategies
and transfer of knowledge" and by Kujawsko-Pomorskie Province
"Scholarships for PhD students 2008/2009 – IROP".
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4.47.
Heavy metals, redox perturbations and plant
growth regulators alter the expression of newly
identified PDR genes in cucumber
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The ABC transporters found in bacteria, fungi, plants and animals
form one of the largest protein families that is involved in the
transport of a wide range of substances across cell membranes. In
plants the family is considered to be relatively large as in
Arabidopsis and rice it is composed of more than 120 members.
Among them, the proteins belonging to the PDR (Pleiotropic Drug

Resistance) subfamily have been found in plants and fungi but
not in prokaryote or animal species. Most of the PDR genes
characterized so far in plants have been shown to encode pro-
teins involved in the response to abiotic and biotic stresses. It
was shown that some of them might be implicated in the trans-
port of antifungal agents and auxin-related herbicides (2,4-D).
The others seem to contribute in plant tolerance to heavy met-
als (Cd, Pb, Zn) as well as to redox perturbations. The complete
or partial ESTs encoding PDR-proteins is known only for
Arabidopsis, Nicotiana, rice and citrus plants so the function of
these proteins in other plants, particularly in agricultural crops,
is currently unknown.

In yeasts, all identified PDRs have been localized to the plas-
ma membrane, so it is assumed that these proteins constitute
an active excretion systems involved in the detoxification of
yeast cells from various toxic compounds. Searching for such
type of system in plant cells, we have indentified first two ESTs
encoding PDR genes in cucumber. The amino acid sequences
predicted on the basis of two cDNAs were named CsPDR8 and
CsPDR12 according to their closest Arabidopsis homologs,
AtPDR8 and AtPDR12. The highest expression of CsPDR8 was
observed in roots of both 5-day-old seedlings and 3-week-old
plants, while CsPDR12 expression level was equal in the roots
and shoots of cucumbers. Heavy metal effect on the level of both
transcripts was tested in plants grown in the presence of Pb,
Cd, Cu, Zn, Ni or Mn. In addition to this, the expression of
genes was analyzed under salt, osmotic and redox stresses as
well as in response to the plant growth regulators (salicylic acid,
ABA, IAA, kinetin) and week organic acids. All analyses were
performed using real-time PCR and different reference genes
were evaluated for the normalization. We assume that this work
provides a basis for further functional studies of CsPDR8 and
CsPDR12 in cucumber.

4.48.
Enzymatic and non-enzymatic antioxidants
pattern in different leaf layers of white
cabbage head
Michał Nosek2, Ewa Surówka1, Andrzej Skoczowski1,2,
Stanisław Cebula3, Zbigniew Miszalski1,2

1Institute of Plant Physiology, Polish Academy of Sciences,
Niezapominajek 21, 30-239 Kraków, Poland,
surowka@ifr-pan.krakow.pl, skoczowski@ifr-pan.krakow.pl,
miszalski@ifr-pan.krakow.pl 

2Institute of Biology, Pedagogical University, Podbrzezie 3,
31-054 Kraków, Poland, nosekmichal@netscape.net

3Department of Vegetable Crops and Horticulture Economics,
Agricultural University of Cracow, Al. 29 Listopada 54, 
31-425 Kraków, Poland, scebula@ogr.ar.krakow.pl

Parallel to chlorophyll decline in the interior leave-layers of white
cabbage head (Brassica oleracea var. alba f. capitata) take place
the differentiation of the level of reactive oxygen species (ROS) as
well as activities of antioxidant system (superoxide dismutase -
SOD, catalase, peroxidases) and vitamins C and E. In outer, light-
exposed layer high level of H2O2 was stated, while the highest level
of superoxide radical only in inner part of cabbage head was
found. Mn-SOD form activity was high in central and inner layers,
and parallel, the highest catalase activity in outer and inner parts
of cabbage head was found. These results point out to higher level
of photorespiratory and respiratory processes, respectively, in
these parts of the cabbage head. The another H2O2 scavenging
enzymes – peroxidases, showed the highest level in light-exposed
layer in comparison to central and inner layer. In outer layer of
cabbage head the higher level of vitamin E in comparison to inte-
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rior parts (central and inner) was stated suggesting their involve-
ment in chloroplast protection. In contrast to this, the higher level
of vitamin C in interior leaf-layers suggest its key role in plant
development. Our results lead to the conclusions that the alter-
ation of ROS level and chloroplastic, peroxisomal and mitochon-
drial processes probably due to the stage of tissue development
as well as tissue specific stress response.

This work was partially supported by R1204502 grant.

4.49.
The local metal tolerance adaptations 
in different metallicolous populations
of Armeria maritima
Agnieszka Olko, Anna Tukiendorf
Maria Curie-Skłodowska University, Akademicka 19,
20-033 Lublin, Polska, agnieszkaolko@poczta.umcs.lublin.pl,
anna.tukiendorf@poczta.umcs.lublin.pl

Armeria maritima (Mill) Willd. (Plumbaginaceae L.) is a
pseudometalophyte species for which the characteristic trait is a
grate polymorphism. Its taxonomy cover three, well defined sub-
species (ssp. maritima, ssp. elongata, ssp. alpine) and eight,
morphologically ill-defined, transitional forms of the formers.
Five of them (ssp. halleri, ssp. bottendorfensis, ssp. hornbur-
gensis, ssp. calaminaria, ssp. eifeliaca) together with the unclas-
sified population of Plombieres represent metallicolous ecotype
of A. maritima. The study of similarities and differences between
different metallicolous populations and closely related to them
nonmetallicolous populations of A. maritima presents a source of
valuable knowledge about local metal tolerance adaptations in
plants.

In the experiment two different metallicolous populations
(ssp. halleri, population from Bolesław near Olkusz, Poland
and population from Plombieres, Belgium) were analyzed and
one nonmetallicolous population (Manasterz near Jarosław,
Poland), closely related to both metallicolous populations, were
used as a control. Plants of all populations were received from
seeds collected in natural habitant of each population. After 9
moths of growth in garden soil, under greenhouse conditions,
plants were transferred to Hoagland nutrient solution and after
1 week of adaptation treated with Zn (1000 and 2000 μM), Cd
(8 and 16 μM) and Pb (15 and 30 μM) ions, for 2 weeks. In har-
vested plants there were analyzed Zn, Cd and Pb ions accumu-
lation and translocation between roots and shoots. As a control
for this analyze plants of all populations growing on garden soil,
without metal addition, were used. Additionally, roots and
leaves plants of all populations treated with higher metal dozes
(2000 μM Zn, 16 μM Cd or 30 μΜ Pb) were used for Zn, Cd and
Pb ions localization at the ultrastructural level. 

4.50.
Occurrence of poly(ADP-ribose) polymerase 
in Phaseolus coccineus (L.) plants exposed 
to cadmium
Paweł Patrzylas1, Bozena Pawlikowska-Pawlega2,
Joanna Jakubowicz-Gil2, Ewa Skorzynska-Polit3

1Department of Plant Physiology, Maria Curie-Sklodowska
University, Akademicka 19, 20-033 Lublin, Poland,
pawel.patrzylas@poczta.umcs.lublin.pl

2Department of Comparative Anatomy and Anthropology,
Maria Curie-Sklodowska University, Akademicka 19, 
20-033 Lublin, Poland, pawbo@biotop.umcs.lublin.pl,
asiajgil@O2.pl

3Department of Plant Physiology and Biotechnology,
The John Paul II Catholic University of Lublin, Konstantynow 1H, 
20-708 Lublin, Poland, eskorzynska@kul.lublin.pl

Poly(ADP-ribose) polymerase (PARP) can contribute to both DNA
repair and plant cell death. PARP is activated by DNA strand
breaks or kinks. Using the immunogold methods, we decided to
check the occurrence of this enzyme in Phaseolus coccineus
plants treated with Cd in two growth stage of their primary leaves.
The young plants were treated with 25 μM Cd when the seedlings
were being transferred into the nutrient solution. The older
plants were exposed to Cd after 10 days of their growth in the
nutrient medium. The immunolocalization of PARP was assessed
in the leaves of runner bean plants after the 12th day of their
exposure to the metal.

In young control plants, very weak immunopositive reaction
appeared. Single immunogold particles were localized in the
chloroplasts and nuclei. In young plants exposed to 25μ M Cd,
the reaction in these organelles was stronger in comparison with
the control and the immunogold particles were also found in the
mitochondria.

In older control plants, the immunolabelling towards PARP
was observed in the nuclei, chloroplasts and vacuoles. In the
leaves of older plants exposed to Cd, the immunogold particles
were distributed in a similar way as in the control, but a small
number of them was found in the vacuoles and nuclei. However,
single particles were also observed in the electron dense cyto-
plasm and condensed mitochondria. 

4.51.
Nitric oxide affects oxidative stress caused
by cadmium in roots of soybean seedling 
Sylwia Pawlak, Magdalena Arasimowicz-Jelonek,
Jagna Chmielowska, Joanna Deckert
Department of Plant Ecophysiology, Faculty of Biology
A.Mickiewicz University, Umultowska 89, 61-614, Poznań, Poland,
pawlaks@amu.edu.pl, arasim@amu.edu.pl,
jagna_82@amu.edu.pl jagoda@amu.edu.pl 

The excess of heavy metals increases levels of reactive oxygen
species (ROS) which can cause severe damage to plant cells.
Therefore one of the metal-induced stress response is  the activa-
tion of several elements of antioxidant system. Recently, it has
been shown that nitric oxide (NO) can alleviate the oxidative
stress caused by various stress factors, including heavy metals.

The primary aim of our study was to characterize the role of
NO in metabolism of ROS induced in plant by heavy metals. In
present work we have analyzed the effect of NO on the accumula-
tion of superoxide anion radical (O2

·-) and expression of superox-
ide dismutase (SOD) on the levels of  mRNA  and enzyme activity
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in roots of soybean (Glycine max cv. Navico) seedlings treated
with  Cd2+ ions. 

To examine whether NO has an impact on antioxidant system in
soybean roots, two- day old seedlings were pretreated with 10 μM
sodium nitroprusside (SNP) for 6h and then were transferred to
cadmium (CdCl2) solutions for 6h, 24h and 48h. Two concentra-
tions of the metal were used: 10mg/l and 25mg/l. 

Seedlings treated with increasing concentration of Cd2+ ions
showed enhanced O2

- accumulation, especially during the first
24h of stress duration. The effect of NO on O2

·- level varied,
depending on the duration of stress.  NO caused enhanced O2

-

accumulation in seedlings treated with cadmium during first 6h,
and at the next time points (24h and 48 h) the level of  O2

- signif-
icantly decreased as compared to plants treated only with cadmi-
um. The analysis of Cu/Zn-SOD and Fe-SOD activity showed an
induction of enzyme in response to Cd2+ ions, which was most
pronounced at 48h of treatment.  In turn, NO donor application
resulted in a marked increase of activities of both SOD isoforms,
that were higher than in plants treated with Cd2+ only. The
observed changes were accompanied by modulation of SOD at the
transcript level.

Summing up, the diminished level of superoxide radical at
the later stages of stress duration in SNP pretreated plants was
correlated with enhanced SOD activity. It may be concluded that
exogenous NO induce specific signaling pathway towards protec-
tive plant responses to heavy metal stress.

This research was partially supported by Polish Ministry of Science
and Higher Education (N 303 303 634). 

4.52.
Heavy metal tolerance, accumulation and
detoxification in Pisum sativum plants 
Aneta Piechalak1, Anetta Hanć2, Arleta Małecka1,
Danuta Barałkiewicz2, Barbara Tomaszewska1

1Department of Biochemistry, Faculty of Biology,
Adam Mickiewicz University, Umultowska 89, 61-614 Poznan,
Poland, anetap@amu.edu.pl

2Department of Trace Element Analysis by Spectroscopy Method,
Faculty of Chemistry, Adam Mickiewicz University,
Grunwaldzka 6, 60-780 Poznan, Poland

Increased pollution due to heavy metals place human health at
risk and it is responsible for several environmental problems,
including the decrease of microbial activity, soil fertility and crop
yields. The accumulation of heavy metals in vascular plants pro-
vokes significant biochemical and physiological responses, modi-
fying several metabolic processes; photosynthesis, reduces the
respiration rate, affects membrane structure and permeability
and upsets mineral nutrition. Toxic metallic ions penetrate cells
using the same absorption processes of essential micronutrient
ions. In Pisum sativum plants was observed the effects of heavy
metal toxicity at the level of nutrients (P, K, Ca, Mg and Cu). Cu,
Zn, Cd and Pb excess disturbed nutrition contents in pea roots.
The presence of Cd caused decreased of potassium and phos-
phorus signal intensity comparing to control, and increase of sig-
nal intensity for calcium, magnesium and cooper. In plants
exposed to lead was observed decrease of K, P, Ca, Cu intensity
and increase only of Mg signal intensity comparing to control
plants. The LA ICP MS analysis allowed determining metal dis-
tributions in roots tissues. The peaks represent cadmium and
lead were mostly localized in the epidermis and endodermis of
cross-section through hair roots zone in all treated plants. In pea
plants treated with lead and cadmium ions over 80% of metal was
accumulated in roots. The most of Pb was localized in insoluble

fraction of cell walls and cell membranes. Defence of plants
against heavy metals involves the activation of a range of various
mechanisms resulting in the modification of ion mobility within
the rhizosphere, active exclusion of heavy metals from cells or
synthesis of bioligands. In plants treated with metals was
observed increase of γ-glutamylcysteine synthetase activity,
increase of GSH and hGSH level, biosynthesis of phytochelatins
(PCs) and formation of PC-metal complexes The metal-phy-
tochelatin complexes were determined using HPLC-ICP-MS tech-
nique. Identification of phytochelatins was carried out with ESI-
MS spectra obtained for the whole sample. Based on the m/z
ratios were identified reduced and oxidized form of phy-
tochelatins (PC2, PC3 and PC4). Moreover, ESI MS mass spectra
confirmed presence of homophytochelatins in Pisum sativum. 

4.53.
Effect of cadmium on gene expression and
activity of adenylate and guanylate cyclase 
in Arabidopsis thaliana seedlings grown in vitro
Małgorzata Pietrowska-Borek1, Katarzyna Nuc2,
Andrzej Stroiński1, Małgorzata Zielezińska1

1Department of Plant Physiology, Poznan University of Life
Sciences, Wołyńska 35, 60-637 Poznań, Poland,
gospi@up.poznan.pl, astroins@o2.pl, m.zielezinska@gmail.com

2Department of Biochemistry and Biotechnology, Poznań
University of Life Sciences, Wołyńska 35, 60-637 Poznań, Poland,
ktnuc@up.poznan.pl  

Cadmium (Cd) is an important environmental pollutant with high
toxicity to animals and plants. Cd damages the photosynthetic
apparatus, disturbs the carbohydrate metabolism, reduces the
nitrate absorption and its reduction, interferes with water bal-
ance, and inhibits several enzyme activities. In addition, Cd-
induced oxidative stress would also account for the cellular toxi-
city of this heavy metal.

According to our knowledge, there are no available informa-
tion about effect of cadmium on cAMP and cGMP activity and
their transcript levels in plants. Till now, intercellular cAMP and
cGMP were determined as the response of cadmium stress only
in rats salivary gland. However, the molecular mechanism used
by plant cells to counter cadmium toxicity is not well understood.

In this work the level of mRNA of adenylate and guanylate
cyclase was determined. The expression of these genes was investi-
gated in 9-days old seedlings of Arabidopsis thaliana grown in ster-
ile liquid culture with constant, uniform fluorescent light and tem-
perature. Plants were treated with 50 μM CdCl2 for 0.5, 1, 3, 6 and
10 hours. Content of mRNA was determined by real-time PCR. 

The highest stimulation of adenylate cyclase gene expression
was observed after 0.5 hour in seedlings and it was approximately
twofold higher than in control. Next mRNA level decreased and after
10 h was fourfold smaller than in control. In case of guanylate
cyclase gene expression a drop of mRNA level was noticed. After
10 h it was about threefold lower than in control plants.

More details which are concerned on effect of cadmium on
adenylate and guanylate cyclase activity will be presented and dis-
cussed. 

This work was supported by grant no. N N303 068634 by the Polish
Ministry of Science and Higher Education  in years 2008-2011.
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4.54.
β-1,3-glucanase accumulation in roots of maize
and soybean exposed to lead, cadmium
and arsenic
Beáta Piršelová1, Jana Libantová2, Jana Moravčíková2,
Ildikó Matušíková2

1Faculty of Natural Sciences, Department of Botany and Genetics,
Constantine the Philosopher University, Nábrežie mládeže 91,
949 01 Nitra, Slovak Republic, bpirselova@ukf.sk

2Institute of Plant Genetics and Biotechnology, Department of
Molecular Biology and Biotechnology, Slovak Academy of
Sciences, 950 07 Nitra, Slovak Republic,
jana.moravcikova@savba.sk, jana.libantova@savba.sk,
ildiko.matusikova@savba.sk

Most crop plants are sensitive to higher concentrations of heavy
metals in soils. Such contamination can cause serious damages
in plants including poor growth, defects in respiration and pho-
tosynthesis, inactivation of enzymes. On the other hand, plants
possess a broad scale of different mechanisms that are con-
nected with processes of detoxification. The activity of β-1,3-
glucanase in roots of soybean (Glycine max cv. Korada) and
maize (Zea mays L. cv. Quintal), treated with lead (500 mg.l-1

Pb2+), cadmium (300 mg.l-1 Cd2+) and arsenic (100 mg.l-1 AsIII)
was studied in context of heavy metal impact on plant tissue
such as cell viability, lignification and callose content. Two days
after application of heavy metals on roots, strong damage of
plasma membrane was observed in all tested plants as a typical
symptom of heavy metal toxicity. Further, enhanced lignification
and callose deposition in roots indicated formation of a barrier
against metal entrance. In roots of maize two additional iso-
forms of β-1,3-glucanase was detected with aproximatly molec-
ular mass 34 and 36 kDa. Native PAGE showed that there was
acidic isoforms of these enzymes. This suggests that plant glu-
canases might be involved in defense mechanisms of plants
growing in heavy metal polluted soils.
The work was supported by the Action COST FA0605

4.55.
Capacity of several shrubs species for PMs
accumulation and efficiency of their 
photosynthesis apparatus
R. Popek, H. Gawrońska, K. Grab, A. Przybysz,
S.W. Gawroński
Laboratory of Basic Research in Horticulture, Faculty of
Horticulture and Landscape Architecture, Warsaw University of
Life Sciences, Nowoursynowska 159, 02-776 Warsaw, Poland,
stanislaw_gawronski@sggw.pl 

Air pollutants caused by urbanization exert harmful effect on
human health. One of the most dangerous of these pollutants are
particulate matters (PMs). They can be suspended in the air even
for weeks as aerosols, and when inhaled can have carcinogenic,
allergic and mutagenic effects. It is estimated, that PMs reduce
average life expectancy in E.U. by ~ 1 year and in Poland even by
2 years (EEA Report 1/2007). The only opportunity to
lower/remove PMs from atmosphere in open space is via envi-
ronmental biotechnology – phytoremediation in which plants are
employed to clean up the environment. Common is opinion that
air pollution has also negative effects on efficiency of photosyn-
thetic apparatus but still there are no data towards such effects
of PMs. In this study we attempt at evaluation of (i) efficiency of
photosynthetic apparatus and (ii) deposition of PMs on leaf sur-

face of shrubs growing in 2-3 locations differing in level of air
pollution.

Forsythia × intermedia, Hedera helix, Parthenocissus tri-
cuspidata, Spiraea salicifolia, and Taxus baccata growing in
city center, university park and nursery were used. For all the
species intensity of photosynthesis and transpiration, stomatal
conductance, chlorophyll content and fluorescence of chlorophyll
a were measured 3–4 times during growing season 2008. Also
amount of PMs deposited on leaf surface were also determined
(for 2 fractions and in three filter pore size categories). 

Intensity of photosynthesis and transpiration, chlorophyll
content and Performance Index were usually lower in shrubs
growing in city center. Amount of PMs deposited on leaves shrubs
growing in city center was usually greater and this  well corre-
sponded with lowered efficiency of photosynthetic apparatus of
these shrubs. Results shows also that there were differences
between species in capacity of PMs accumulation. 

Shrubs growing in more polluted sites characterize lower effi-
ciency of photosynthetic apparatus and it is most probably that it
can be attributed to greater, in this location, PMs deposition on
leaf surface. 

This study were partially supported by Polish-Norwegian Research
Foundation granted to S.W. Gawronski, grant # PNRF – 193- AI-1/07.

4.56.
How do chloroplasts cope with stress?
Justyna Prusińska, Anna Goc
Nicolaus Copernicus University, Gagarina 9, 87-100 Toruń,
Poland, jusprus@doktorant.umk.pl

Chloroplasts perform a wide variety of metabolic processes which
include photosynthesis and amino acid and fatty acid biosynthe-
sis. They conserve many bacterial systems implicating its origin
from symbiosis between an ancestral host cell and a cyanobac-
terium-like photosynthetic prokaryote. Recently, a stringent con-
trol system similar to that of bacteria has been suggested to oper-
ate in chloroplasts of photosynthetic eukaryotes. 

In bacteria, the stringent response is a pleiotropic regula-
tory mechanism triggered by various nutritional and metabolic
stresses including amino acid starvation and limitation of car-
bon, nitrogen and phosphate. The effector molecules of this
process are unusual hyperphosphorylated guanosine
tetraphosphates (ppGpp). In E. coli, ppGpp synthesis and
degradation are the primary functions of two proteins – RelA
and SpoT respectively (Dąbrowska et al., 2006a). It was
believed that the stringent response was limited to the prokary-
ote kingdom, however, plant homologues to these bacterial
stress proteins (RSH proteins – RelA/SpoT Homologues) and
products of their activity (ppGpp) have been recently identified
in plants. What is more, levels of ppGpp increased markedly in
plants subjected to abiotic stresses such as wounding, high
salinity, acidity, heavy metal, drought and UV irradiation
(Dąbrowska et al., 2006b).

Previously we have reported identification of three cDNA
sequences coding for Pharbitis nil RSH proteins. The aim of the
present work was expression profiling of P. nil RSH genes in
response to heat shock and wounding as well as estimation of
their mRNAs level in vegetative and generative organs of P. nil
seedlings and adult plants. 

This work was supported by the European Social Fund and the Polish
State Budget within the framework of the Operational Integrated
Program of Region Development, action 2.6, "Regional Innovation
Strategy and Knowledge Transfer", project of the Province of Kuyavia
and Pomerania "Fellowships for PhD students 2008/2009".
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4.57.
The response of proline metabolism enzymes
to lead in lupin roots
Renata Rucińska-Sobkowiak, Edward A. Gwóźdź
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Abiotic stresses cause significant increase in the proline concen-
tration in a large variety of plants. In plants proline is synthesized
from either glutamate and ornithine. The first two steps of pro-
line bisynthesis from glutamate are catalyzed by pyrroline-5-car-
boxylate synthetase (P5CS, EC 2.7.2.11), whereas from ornithine
by ornithine aminotransferase (OAT, EC 2.6.1.13). Proline degra-
dation is catalyzed by proline dehydrogenase (PDH, EC 1.5.1.2),
which is also a determinant enzyme in proline accumulation. 

The purpose of our study was to investigate the effect of lead
ions on the proline level and the activities of key enzymes involved
in proline biosythesis and degradation in lupin roots (Lupinus
luteus). The germinated seeds were transferred to dishes con-
tainining 5 ml of either bi-distilled water or one of the aqueous
solutions of Pb(NO3)2 with the concentrations of  Pb2+: 50, 100,
150, 200, 250, 300 and 350 mgl-1. The proline content in roots
was determined by the method of Bates et al. (1973).  The activi-
ty of enzyemes w assayed by the following methods:  P5CS – Vogel
and Kopac (1960);  OAT – Mazelis and Fowden (1969);  PDH  –
Miler and Steward (1976). 

The activity of P5CS in roots reached the maximum when the
application of lead was at the level of 100 mgl-1 and then it
declined slowly with the increasing concentration of metal. The
highest activity of OAT appeared at 50 mgl-1 Pb2+ whereas at 
250 mgl-1 Pb2+ decreased  below control level. Proline content in
lupin roots treated with lead decreased dramatically at the lowest
metal concentration. This effect was observed despite the fact that
the activity of enzymes resposible for proline synthesis was ele-
vated at the same lead dose. At  higher lead concetrations further
decrease in proline level was noticed. The activity of PDH, which
is involved in proline oxidation, increased at concetrations
between 100–200 mgl-1 Pb2+. These data suggest that the low
concentration of proline in lupin roots exposed to lead might be
a result of both inhibition of proline synthesis or stimulation of
its degradation by metal. Our study doesn't support the general-
ized view that proline accumulation is a common response of
plants to abiotic stresses.

4.58.
Study on the influence of AhHMA4 expression
in tobacco on Zn homeostasis
Justyna Rudzka1, Anna Barabasz1, Ute Kraemer2,
Marc Hanikenne3, Danuta M. Antosiewicz1

1University of Warsaw, Faculty of Biology, Miecznikowa 1,
02-096 Warsaw, Poland, dma@biol.uw.edu.pl

2University of Heidelberg, Im Neuenheimer Feld 267,
D-69120 Heidelberg, Germany

3Université de Liège, Bld du rectorat 27, B4000 Liège, Belgium

Plant transformation is a common tool not only in gene function
investigation but also in modification of physiological processes
for biotechnological purposes. The emerging phenotype results
both from the function of the introduced gene, and from the alter-
ation of the expression of the host plant endogenes. Although the
knowledge of the interaction between the transgene and the endo-
genes is rudimentary, it is believed that different genetic back-
ground of distinct species transformed with the same gene may
contribute to frequently observed generation of contrasting phe-
notypes. 

In our study AhHMA4::AhHMA4, a heavy-metal transporter
belonging to P1BATPases, was used for tobacco (N. tabacum v.
Xanthi) transformation. In A. hallerii it is required for zinc hyper-
tolerance and hyperaccumulation. Its introduction to Zn-sensitive
A. thaliana generated Zn- hypertolerant and Zn-hyperaccumulat-
ing phenotype (Hanikenne et al., 2008). However, expression in
tobacco caused increased sensitivity to zinc excess which was not
accompanied by enhanced zinc accumulation. 

To reveal the mechanism behind the phenotype of transgenic
tobacco and gain insight into plant Zn homeostasis, first we
checked whether the expression of AhHMA4::AhHMA4 in tobacco
is regulated by Zn level in the medium. Secondly, we examined if
the expression of NtIRT1 was modified by AhHMA4 expression. It
is known, that IRT1, the member of ZIP family, mediates the
uptake of Fe2+, Zn2+ and Cd2+ in various organisms, therefore it
was of interest to learn, whether its expression is modified in
transgenic tobacco, and could contribute to the detected pheno-
type. All experiments were performed on transgenic and wild-type
tobacco exposed to a range of Zn concentrations (0 μM, 0,5 μM,
10 μM) in Knop's medium.

Our results demonstrate that AhHMA4 in transgenic tobacco,
similarly as in A. thaliana and A. halleri, is dependent on zinc
availability. Furthermore, we showed that Zn-dependent pattern
of NtIRT1 expression was different in both transgenic and wild-
type tobacco Although the expression level was low in both plants
grown in Zn-deficiency, after their transfer to 10 μM Zn it
decreased in transgenics whereas remained unchanged in wild-
type Xanthi.

The study was financially supported by PHIME (FOOD-CT-2006-
016253).

REFERENCES:
HANIKENNE M, TALKE IN, HAYDON MJ, LANZ C, NOLTE A, MOTTE P,

KROYMANN J, WEIGEL D, KRÄMER U. 2008. Evolution of metal
hyperaccumulation required cis-regulatory changes and triplica-
tion of HMA4. Nature 453: 391–395.

4th Conference of Polish Society of Experimental Plant Biology • Experimental Plant Biology. Why not?! 

66 ACTA BIOLOGICA CRACOVIENSIA Series Botanica

SESSION 4



4.59.
Estimation of weeds resistant to herbicides
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2Institute of Plant Physiology, Polish Academy of Science,
Niezapominajek 21, 30-239 Kraków, Poland,
magda_troc@o2.pl, skoczowski@ifr-pan.krakow.pl

Derivatives of arylfenoxyacids and sulfofenylurea are active chemical
compounds in herbicides named Puma and respectively Glean 75
WG. In connection to the fact that weeds have recently acquired
greater resistance on herbicides the purpose of this work was to
investigate the influence of fenoxaprop on metabolism of Lolium
rigidum seedlings and sulfochloride on the leaf of Centaurea
cyanus in biotypes of different degree of resistance on herbicides.
General metabolism of plants was determined by the use of isother-
mal calorimetry. Additionally changes in chemical composition
which occurred in leucoma of Lolium seedlings under the influence
of fenoxaprop were identified by the use of FT-Raman spectrometry.

Lolium seeds of susceptible and resistant biotypes were germi-
nated by 96 hours and afterwards seedlings were put to calorimet-
ric measurements on water or herbicide by 72 hours. Fenoxaprop
strongly affected the intensity of metabolism process course in both
Lolium biotypes. The pattern of curves illustrating changes in spe-
cific heat production rate was in initial phase of growth on
fenoxaprop similar in both biotypes. However in resistant biotype
between 4 and 12 hour much intense increase in value of heat pro-
duction rate than in susceptible biotype with relation to control
(growth on water) was observed. In later phase of seedlings growth
reduction value of heat production rate with relation to control was
almost two times bigger in susceptible biotype in comparison to
resistant one. However in case of seedlings of resistant biotype fluc-
tuation and increase of heat production rate, as compared with
susceptible one, were observed. It can indicate that in case of sus-
ceptible biotype fenoxaprop caused more intense retardation of
growing process in comparison to resistant one. 

The results of cluster analysis revealed substantial differences
in chemical composition in leucomas of both biotypes. Fenoxsaprop
caused visible changes in chemical composition of leucoma in com-
parison to control (growth on water) in both biotypes. However in
case of resistant biotype above-mentioned differences caused by
fenoxaprop were greater than in susceptible biotype.

4.60.
Representatives of Violaceae family developed
adaptations to polluted environment
Aneta Słomka1, Ilona Wojtycha2,
Monika Jędrzejczyk-Korycińska2, Adam Rostański2,
Hermann Bothe3, Elżbieta Kuta1

1Department of Plant Cytology and Embryology,
Jagiellonian University, Grodzka 52, 31-044 Kraków, Poland,
e.kuta@iphils.uj.edu.pl 

2Department of Plant Systematics, Silesian University,
Jagiellońska 28, 40-032 Katowice, Poland

3Institute of Botany, The University of Cologne,
15 Gyrhofstrasse St., 50-923 Cologne, Germany 

In Violaceae some species are perfectly adapted to toxic metal
concentrations in the soil. At least nine species and two subspecies
from 3 genera Hybanthus, Rinorea and Viola are obligatory met-

allophytes, representing hyperaccumulation or accumulation
strategy in respect to different metals (Pb, Zn, Cd, Cu, Ni). Several
other species from the genus Viola (V. tricolor and V. arvensis, V.
palustris, V. adunca, V. langsdorfii, V. cuneata, V. glabella) are
recognized as facultative metallophytes, occurring both on con-
taminated and non-contaminated soils. Studies on plants well
adapted to harsh environmental conditions can give an insight into
mechanisms involved in plant adaptation and/or tolerance.

We investigated both obligatory (V. lutea ssp. calaminaria and
ssp. westfalica) and facultative metallophytes (V. tricolor, V. rivini-
ana, V. reichenbachiana). In the case of obligatory metallophytes
studies were focused on relationships of these taxa with close rela-
tives to reconstruct their origin. Based on molecular ITS markers
V. lutea was indicated as an ancestral species of two obligatory
metallophytes (Siuta et al., 2005; Hildebrandt et al., 2006). 

Studies on facultative metallophytes allowed to recognized
two different strategies species have developed: 1) selection of
well adapted genotypes growing on calamine heaps (V. tricolor),
2) form hybrid, colonizing contaminated sites (hybrids 
V. reichenbachiana × V. riviniana). These were found based on
detailed studies including morphology, physiology, genetics, cyto-
genetics, embryology, heavy metal concentrations in plant organs
(Słomka et al., 2008). The role of mychorriza in adaptation to
heavy metal in soils was also investigated.
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4.61.
Gene expression profiling in leaves of three
maize inbred lines treated with moderate 
chilling (14°C)
Alicja Sobkowiak1, Maciej Jończyk2, Anna Bilska1,
Joanna Trzcińska-Danielewicz3, Jan Fronk3,
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Maize is a chilling-sensitive species, however intraspecific diver-
sity in the expression of that feature is observed, particularly
under moderate chilling (10–15°C).  In the present study,
microarray analysis was employed to study that phenomenon at
the transcript level, comparing the expression pattern in chill-
ing-treated leaves of three maize lines differing in chilling sensi-
tivity. 
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We used oligo microarrays designed and produced by the
Maize Oligonucleotide Microarray Project USA, comprising of
~48 000 oligos representing ESTs and cDNAs from TIGR. We
used three inbred lines of maize differing in chilling-tolerance:
S68911 (chilling-tolerant), S50676 (chilling-sensitive) S160
(chilling-sensitive). The lines were selected on the basis of field
observations provided at Smolice location and laboratory tests.
Plants were grown in a growth chamber (24°C/22°C day/night) till
the 3-rd leaf stage, and then half of the plants were transferred to
a cold chamber (14°C/12°C) for 38 h (10h night1/14h day1/10h
night2/ 4h of day2) and the other half was kept as before as con-
trols. Material was then frozen in liquid nitrogen. Every sample
consisted of middle parts of three separate leaves. 

Hybridizations were done in a loop design, in three biologi-
cal replications. Isolation, purification and hybridization was
done according to the procedure of the microarray supplier, with
a minor modifications. The results of microarray scanning were
normalized (Lowess curve), controlled for quality (Principal
Component Analysis, PCA), and statistically analyzed (ANOVA,
analysis of variance) with JMP Genomics 6.0.3 (SAS Institute).
The p-values were then corrected for multiple comparisons with
the False Discovery Rate correction set at 0.01, as an additional
condition. A global analysis of gene expression pattern will be
shown, based on Gene Ontology approach.

This work was supported by grant PBZ-MNiSW-2/3/2006/15, Ministry
of Scientific Research and Information Technology 
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The function of tocopherols in Arabidopsis
thaliana plants growing at low light intensity 
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Arabidopsis thaliana plants in different stage of development
(seedlings, mature plants) and with differing in their tocopherol
equipment: wild type (WT) containing α- and γ-tocopherols, vte1 with
impaired synthesis of α- and γ-tocopherols and vte4 accumulating γ-
tocopherol instead of α-tocopherol were grown under low light inten-
sity and salinity stress (50-70 μmol m-2s-1 and 100 mM NaCl or 
100-120 μmol m-2s-1 and 200 mM NaCl, respectively). In WT and
both mutants (vte1, vte4) seedlings exposed to salinity decreased
activity of  Cu/Zn superoxide dismutase activity was found. Changes
in photochemistry of seedlings described by chlorophyll a fluores-
cence parameters [Fv/Fm, Y(II), NPQ] go parallel to alterations in
tocopherol synthesis. Our results point out that γ-tocopherol plays an
important role in protection of seedlings exposed to salinity at low
light intensities. Mature A.  thaliana plants (WT, vte1, vte4) and line
overexpressing γ-TMT methyltransferase (tmt) exposed to salinity at
low light conditions induce compensatory mechanisms involving
antioxidative enzymes such as superoxide dismutase and catalase.
Salinity stress generally leads to stimulation of maximal photosyn-
thetic efficiency of PSII. Moreover, these changes are accompanied by
changes in plastoquinone pool level and by the lowering of superox-
ide radical level in plant tissues. Obtained results indicate that toco-
pherols play also other functions than protection against oxidative
stress. The alteration in the structure and function of chloroplast
membranes due to the lack of tocopherols may lead to the modifica-
tion of plant responses to NaCl stress. 

This work was partially supported by 265/P01/2006/31 grant.

4.63.
The participation of glutathione S-transferase
in limiting oxidative stress within tissues of
primary host of Rhopalosiphum padi L.
Hubert Sytykiewicz, Iwona Łukasik, Paweł Czerniewicz,
Grzegorz Chrzanowski, Bogumił Leszczyński
Department of Biochemistry and Molecular Biology,
University of Podlasie, B. Prusa 12, 08-110 Siedlce, Poland,
huberts@ap.siedlce.pl  

Glutathione S-transferases (GSTs, E.C. 2.5.1.18) have been asso-
ciated with detoxification of xenobiotics, limiting oxidative dam-
ages and other stress responses in plant tissues (Gong et al.,
2005; Conn et al., 2008; Dixon et al., 2009). The purpose of con-
ducted studies was to elucidate the participation of glutathione S-
transferase in limiting of oxidative burst in leaves of the bird cher-
ry (Prunus padus L.) infested by the bird cherry-oat aphid
(Rhopalosiphum padi L.). It has been shown that aphid-infested
leaves possessed a significantly higher levels of GST activity, in
relation to the control (without aphids). Additionally, it was
proved, that rise of the glutathione S-transferase activity was pro-
portional to the density of observed aphid population developing
on shoots of the bird cherry. 
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Expansin gene expression in tomato roots is
modified by m-tyrosine – nonprotein aminoacid
Kamil Szafrański1,2, Anita Wiśniewska2,
Agnieszka Gniazdowska2, Renata Bogatek2

1Interdisciplinary Faculty of Biotechnology, Warsaw University of
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Allelopathy is due to the production of phytotoxins and is one of
the components of plant/plant interaction. The delay and reduc-
tion of seed germination and/or inhibition of seedling growth are
the first, visible symptoms of allelopathy stress. Root exudates of
fine fescue grasses contain m-tyrosine – an allelopatic compound
identified by Bertin et al. (2007). This nonprotein amino acid
inhibits root elongation growth of Arabidopsis thaliana. Expansin
is considered as one of a primary agent participating in cell elon-
gation. Expansin mediate nonenzymatic extension of the plant cell
wall in pH-dependent manner and participate in growth of the cell
as well as in many processes requiring wall modification. 

We investigated the effect of m-tyrosine on tomato
(Lycopersicon esculentum Mill. cv. Ożarowki Malinowy) root
elongation growth by analysing expression of expansin genes in
roots of young seedlings. We studied expression pattern of 
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7 expansin genes (LeEXPA1, 2, 4, 5, 8, 9 and 18). Tomato seeds
were germinated in distilled water in dark. Three-days-old equal-
ly germinated seedlings were transferred to m-tyrosine water
solution (0.025 – 0.50 mM). Culture was prolonged up to 3 days
in the darkness. To analyse the gene expression,  total root RNA
was isolated by phenol extraction method (Rybka et al., 2009).
Seedling viability was determined by TTC-test.

Tomato root growth was inhibited by m-tyrosine in dose
dependent manner, while hypocotyls were insensitive to this alle-
lochemical. Based on semi-quantitative reverse transcription –
polymerase chain reaction, we revealed that m-tyrosine modified
the expression of 4 expansin genes. The strongest decrease of
transcript accumulation was observed for LeEXPA8 and 18 just
after 2 days, and for LeEXPA4 and 9 after 3 days of m-tyrosine
treatment. This effect was dose dependent. In the same experi-
ment no significant alterations were observed for LeEXP1, 2 and
5. Such expression pattern suggests that inhibition in tomato root
elongation growth after m-tyrosine treatment may be due to mod-
ification in expansin genes expression. TTC-test showed that m-
tyrosine does not influence viability of root cells of tomato
seedlings.
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4.65.
Selected physiological processes and profile
gene expression in Arabidopsis thaliana L.
plants as affected by platinum
E. Szalacha1, H. Gawrońska1, A. Przybysz1, F. Janowiak2,
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Platinum despite of being noble metal it can be a source of pollu-
tion, might have negative impact on living organisms and its
oxides are recognized as allergenic or carcinogenic. Modern cars
equipped with catalysts made of Pt, Pd and Rh  emit them into
environment. Cis-platinum is an important antycancerogenic
drug thus oncological hospitals are a source of Pt pollution too.
In this work we attempt at: (i) evaluation of platinum uptake by
A. thaliana plants and its distribution between roots and rosette,
(ii) comparison of changes in selected physiological processes
elicited by Pt(IV), Pt(II), cis-Pt, (iii) changes in ABA level, and (iv)
monitor profile gene expression in plants as influenced by Pt ions
in growing medium.

Arabidopsis thaliana L. plants were grown in continuously
aerated hydroponic culture in weekly changed Hoagland's nutri-
ents solution. Plant after six weeks of growing in Pt free medium
were exposed for 10 days to [Pt(NH3)4](NO3)2, in concentrations:
5, 50, 330, 500, 660, 1 000, 5 000, 10 000 and 20 000 μg dm-3

added during nutrients change. PtCl4 and cis-[Pt(NH3)2Cl2] were
used in concentrations 330 and 660 μg dm-3. For profile gene
expression cDNA microarray technology (Arabidopsis  thaliana
Genome Oligo Set, Version 3.0) was applied. Amount of Pt taken
up by plants increased along with its concentration in medium
and at higher concentration up to 14% of total Pt in plants was

transported to rosette. Platinum at higher concentrations had
toxic effects on plants manifested by lowered efficiency of photo-
synthetic apparatus, reduced transpiration, RWC and biomass
accumulation. Level of ABA increased significantly and gene
expression was changed being both up- and down regulated. The
number of differentially expressed genes was greater at higher Pt
concentration. In comparable concentrations, among studied
form of Pt, cis-platinum exerted most negative effects and Pt(IV)
was more toxic than Pt(II). 

Studies were financially supported by Polish-Norwegian Research
Found Grants no: PNRF-193-A1-1/07 granted to S.W. Gawronski.

4.66.
Application of photoacoustic spectroscopy
in monitoring of the plant
Janusz Szurkowski
Institute of Experimental Physics, University of Gdańsk,
Wita Stwosza 57, 80-952 Gdańsk, Poland, fizjws@univ.gda.pl

The photoacoustic effect is the production of pressure modula-
tions with and around a sample when it absorbs intensity-modu-
lated light. In the case of photosynthetic samples in a gas volume,
thermal expansion of the gas surrounding the sample and photo-
synthetic oxygen evolution are the major contributors to the
acoustic wave. Since heat diffuses more rapidly than oxygen does,
the photothermal and oxygen (photobaric) components of the
photoacoustic signal can be separated. The photothermal part of
the photoacoustic signal is reduced by a fraction equal to the part
of the absorbed energy stored by the photosynthetic process as
chemical energy. The oxygen component of the photoacoustic sig-
nal consists largely of oxygen evolution at PS II. Two O2 consum-
ing processes such as photorespiration and respiration as too
slow to be recorded by the photoacoustic spectroscopy. 

In the present paper we describe the possibility of application
of the photoacoustic spectroscopy to quantify the efficiency of
photosynthetic oxygen evolution, photochemical energy storage,
time of photothermal signal creation in a photoacoustic cell (het-
erogeneity of PS II), the coefficient of oxygen diffusion through the
cell wall, the sample depth profiling, the light-saturation curve,
kinetics nonphotochemical quenching on different plants (rang-
ing from green alga – Scenedesmus armatus to Scots pine –
Pinus silvestris). 

4.67.
Comparison of antioxidant enzyme activity in
dehydration-tolerant and dehydration-sensitive
seedlings of Hordeum vulgare L.
Dagmara Szworst1, Barbara Zagdańska1,2
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dagmaraszworst@gmail.com 

2Plant Physiology and Biochemistry Department, Institute of Plant
Breeding and Acclimatization, Radzików. 00-950 Warsaw,
POB 1019, Poland, barbara_zagdanska@sggw.pl

The ability of seedlings of spring wheat to tolerate severe dehy-
dration up to fourth day following imbibition is well known phe-
nomenon (Blum et al., 1980; Miazek et al., 2001; Corbineau et
al., 2004). At that time full coleoptile length is attained and in the
following days, appearance of the first leaf coincided with devel-
opment of seedling susceptibility to dehydration (Blum et al.
1980; Miazek et al., 2001; Farrant et al., 2004; Corbineau, 2004).
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This ability is species specific and dehydration tolerance period
for other species is either shorter or longer as in some orthodox
seeds (Seratna and McKersie, 1984). Our recent finding that the
6-day-old seedlings of spring barley are unable to tolerate the
same water deficit as compared to the 4-day-old ones made pos-
sible to compare the crucial responses of these seedlings to water
deficiency that may explain, at least in part, such a difference.
Since superoxide dismutase (SOD, EC 1.15.1.1) has been shown
to be an enzyme responsible for higher resistance of potato to abi-
otic stresses, the activity and pattern of antioxidative enzymes
using analytic electrophoresis of extracts under non-denaturing
conditions (native PAGE)  was performed according to Laemmli
(1972). It has been shown that the activity of peroxidase, catalase
and superoxide dismutase did not change with the age of
seedlings. Severe dehydration of 4-day-old seedlings did not
change the activity of SOD (measured spectrophotometrically)
that remained on the activity level noted for control, turgid plants.
However, activity of guaiacol peroxidase increased under dehy-
dration even in 4-day-old seedlings. Six day old seedlings
responded to the same water deficit in tissues by a 50% increase
in SOD activity. The SOD activity profile of water soluble protein
extracts controls revealed two additional activity bands in com-
parison to extracts from dehydrated seedlings. The obtained
results indicate that dehydration tolerance induced shift towards
senescence related oxidation processes that was more pro-
nounced in the sensitive than in the tolerant seedlings. 

4.68.
Influence of the outer external layer on
the photosynthetic apparatus location
and activity 
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For the photosynthetic apparatus process formation and its activi-
ty the PAR radiation is required. In leaves the chlorophyll-content
layers are located just beneath the one-cell epidermal layer, what
the easy solar radiation to photosynthetic apparatus permits. In
wooden organs like stems, branches or trunks, because of phello-
derm activity, epiderm by periderm with almost impermeable cork
is replaced. Existence of the multilayer death cell of cork as the
external layer influences either on quality and quantity of transmit-
ted radiation or on the atmospheric CO2 source access to perform
process of photosynthesis and after all on the photosynthetic appa-
ratus location composition and activity inside such kind of organs. 

The analysis of the water vapour resistance, quality and
quantity of transmitted through the cork PAR radiation, chloro-
phyll localisation and photosynthetic apparatus activity of apple
tree current-year stems were conducted with porometer Mk3
Delta-T, LI-1800 Portable Spectroradiometer (LI-COR Bioscience),
confocal microscope Bio-Rad MRC 1024 (Bio-Rad Microscience,
UK, Handy PEA chlorophyll fluorymeter (Hansatech) respectively. 

The existence of cork as the external outer layer highly influ-
ences on the conditions for performance photosynthetic process
inside current-year apple tree stems. The water vapour resistance
was over 30 times higher and transmittance radiation in PAR
range only 30% of the adjacent leaves. The highest chlorophyll
concentration was observed in the bark but chlorophyll was easy
visible in wood and even in the pith. The PS II chlorophyll fluo-
rescence showed lower maximal quantum efficiency (Fv/Fm) in
high light conditions but very similar with leaves PS II efficiency

in low light conditions. All these data indicate that present of the
cork causes that photosynthetic apparatus of the wooden organs
is highly dark adapted and, with high cork impermeable, process
of photosynthesis in such kind of organs is connected with inter-
nal CO2 reasymilation rather then effective net photosynthesis. 

4.69.
Changes of photochemical activities in
response to Pb ions and growth light intensity
in maize and pea chloroplasts
W. Wasilewska, A. Penconek, E. Romanowska
Department of Plant Molecular Physiology, Faculty of Biology,
Warsaw University, Miecznikowa 1, 02096 Warsaw, Poland,
wiolaw@biol.uw.edu.pl

Heavy metals are the one of the major abiotic stresses effecting
plants growth, productivity and development. The aim of this
study was to compare the sensitivity of pea and maize plants
growing in low (LL) and high (HL) light intensities to Pb ions in
relation to photosynthetic and respiratory activities. It is known
that photosynthesis in C4 plants involves mesophyll (M) and bun-
dle sheath (BS) chloroplasts, which differ structurally and func-
tionally, but up to date little information is available about accli-
mation strategies of two types of chloroplasts to stress condi-
tions. Seedlings of pea and maize were growing under low (LL)
and high (HL) light intensity, 60 μmol m-2s-1 and 800 μmol m-2s-1,
respectively. Lead was introduced into steam with transpiration
stream [24h, 5 mM Pb(NO3)2]. 

The data show that photosynthesis was inhibited by lead sim-
ilarly in LL and HL grown plants and that pea leaves were more
sensitive to heavy metal than maize. At the same time, lead stim-
ulated CO2 evolution of pea and maize leaves from high and low
light grown plants. Increased respiratory activity correlated with
higher adenylate contents. The potential photochemical efficiency
of PSII in LL and HL grown plants were lowered slightly by Pb2+. 

PSI activity was decreased by lead in pea chloroplasts and
only in BS chloroplasts of maize, in both light conditions. In BS
chloroplasts decrease of PSII activity was also observed. 

Amount of LHCII proteins was lower in HL than LL grown
plants and it was more evident in pea than maize chloroplasts.
Lead induced the changes in the degree of PSI-LHCI complexes
and in LHCII trimers as was shown by non- denaturating elec-
trophoresis.

Our results suggest that response of photosynthetic appara-
tus on Pb ions differ in both species grown at the same light con-
ditions. This process is more complex in C4 plants because of dif-
ferent strategies in M and BS chloroplasts.

These studies were financed by the grant from the Ministry of Science
and High Education of Poland NN303 393636.

4.70.
Expression profiles of barley (Hordeum
vulgare) HVA1 and SRG6 genes in response
to spring drought stress
Magdalena Wójcik, Marcin Rapacz, Janusz Kościelniak
Department of Plant Physiology, Agricultural University of 
Cracow, Podłużna 3, 30-239 Kraków, Poland,
rrrapacz@cyf-kr.edu.pl, jan_kosc@poczta.onet.pl,
magdalena.p.wojcik@gmail.com 

The barley SRG6 (stress-responsive gene 6) gene, encoding a
regulatory protein, is induced by drought stress although its role

4th Conference of Polish Society of Experimental Plant Biology • Experimental Plant Biology. Why not?! 

70 ACTA BIOLOGICA CRACOVIENSIA Series Botanica

SESSION 4



in stress tolerance have not been characterized yet. HVA1 gene
from barley encodes LEA (Late Embryogenesis Abundant) pro-
tein. Transformations with both genes resulted in enhanced
drought resistance in transgenic plants (Xu et al. 1996; Sivamani
et al., 2000; Tong et al., 2007). 

The aim of this study was to establish the expression pro-
files of barley SRG6 and HVA1 genes under the drought stress
treatment. Two spring barley genotypes susceptible to drought
stress and two tolerant genotypes were exposed to drought at
the four-leaf stage for seven days. Accumulation of HVA1 and
SRG6 transcripts was determined for second leaves harvested
each day of the stress treatment. Real-time RT PCR was used as
the quantitation method. The results showed different patterns
of the expression and different driving forces for triggering both
genes expression in drought. HVA1 expression was induced
only when relative water content (RWC) in leaves decreased sig-
nificantly and the level of expression was independent from soil
water potential. The expression level at the same RWC level was
higher in tolerant genotypes. On the other hand the accumula-
tion of SRG6 transcript was measurable even in control sam-
ples and increased with increased drought level. The SRG6 gene
is a hypothetical transcription factor and its expression was
proved to be highly correlated with the photochemical activity of
PSII (Rapacz et al., unpublished), which may be affected by
stomatal closure triggered by decreasing soil water potential.
Our hypothesis seems to be confirmed in the simultaneously
conducted physiological experiment.
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XIAO B, HUANG Y, TANG N, XIONG L. 2007. Over-expression of a LEA gene
in rice improves drought resistance under the field conditions.
Theoretical and Applied Genetics 115: 35–46.

4.71.
Reaction to elevated Zn concentrations in two
ecotypes of Dianthus carthusianorum varying
in heavy metal tolerance
Małgorzata Wójcik, Krzysztof Salamon, Anna Tukiendorf
Department of Plant Physiology, Institute of Biology,
Maria Curie-Skłodowska University, Akademicka 19,
20-033 Lublin, Poland, mwojcik@umcs.pl,
anna.tukiendorf@umcs.pl 

Dianthus carthusianorum (Caryophyllaceae) is a common plant
growing throughout Poland and is also one of the dominant
species on Zn-Pb waste heaps in Bolesław near Olkusz. The eco-
type of D. carthusianorum populating these heaps is charac-
terised by evolutionary evolutionarily conserved metal tolerance.
In its natural environment it is exposed to high metal concentra-
tions in the substrate (up to 40 000 mg Zn, 1650 mg Pb and 
170 mg Cd per kg of the substrate) as well as to high insolation
and water and mineral nutrient deficits. A reaction of this ecotype
of D. carthusianorum (calamine ecotype) to elevated Zn concen-
trations (50-1000 μM) in the nutrient solution was analysed in
relation to the ecotype found in an unpolluted site in Wólka
Lubelska near Lublin (control ecotype).

The calamine ecotype exhibited enhanced Zn tolerance in
comparison to the control ecotype, as determined by EC100, fresh
mass reduction and loss of root viability. EC100, the lowest effec-

tive concentration of the metal totally inhibiting root elongation,
was 2000 μM Zn for the control ecotype and 3750 μM Zn for the
calamine ecotype. The calamine plants accumulated higher con-
centrations of Zn in their shoots and especially roots in relation
to the control ecotype plants, and this accumulation was corre-
lated with Zn concentration in the solution. The glutathione con-
centration in the roots and shoots of plants of the control ecotype
increased whilst in the calamine ecotype it decreased with
increasing Zn concentration in the solution. Zn did not induce
phytochelatin production in the plants. Accumulation of organic
acids, citrate and malate, in the plants was not correlated with Zn
concentration; the content of citrate was higher in the calamine
ecotype and the content of malate was similar in both ecotypes. 

The results show that enhanced Zn tolerance of waste heap
plants is not related to organic acids or glutathione accumulation.
The analyses of the anatomical structure as well as tissue or sub-
cellular Zn localization in the plants are now performed in order
to explain metal resistance in the calamine ecotype of D. carthu-
sianorum.

4.72.
Protein profile of trees growing on
chromium-rich tannery waste 
Agata Zemleduch, Patryk Pluciński, Krzysztof Ufnalski,
Krzysztof Stobrawa, Gabriela Lorenc-Plucińska
Institute of Dendrology, Polish Academy of Sciences, Parkowa 5,
PL-62-035 Kórnik, Poland, agata.zemleduch@wp.pl

Chromium contamination of the soil and water is a serious
problem in areas of many industrial activities, like electroplat-
ing, wood preservation, mining, and leather tanning. In various
conditions it may shift between two stable oxidation states: Cr
(III) and Cr (VI). The latter is far more hazardous because of its
solubility and mobility in the environment. Chromium enters
the food chain via the plant organism. Uptake into the root cells
can be passive (Cr III) or active (Cr VI), mediated by sulfate
transporters. In living cells, chromium is reduced and stored in
its stable form (Cr III) (Shanker et al., 2005). Recently there is
a growing interest in using this ability of plants in remediation
of contaminated areas, especially with trees that could effective-
ly extract and/or stabilize metals, preventing them from leach-
ing to groundwater.

In this study we evaluated changes in the proteome of aspen
(Populus tremula L.) and osier (Salix viminalis L.) under the
influence of chromium-containing tannery waste. For this pur-
pose, leaves and fine roots were collected from shoot cuttings
grown for 16–17 weeks in pots containing solid tannery waste
alone or mixed at various ratios with unpolluted soil. Protein pro-
files were analysed by 2-D electrophoresis, and compared to iden-
tify Cr-responsive proteins in poplar and willow. 

REFERENCES:
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Chromium toxicity in plants. Environment International 31:
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4.73.
Involvement of Deg1 protease
in the degradation of chloroplast proteins after
short-time exposition of Arabidopsis thaliana
and Zea mays leaves to photoinhibitory
irradiance
Maksymilian Zienkiewicz, Aleksandra Ferenc,
Elżbieta Romanowska 
Department of Molecular Plant Physiology, University of Warsaw,
Miecznikowa 1, 02-096 Warsaw, Poland, maximus@biol.uw.edu.pl

Short term changes in the intensity and quality of light leads to
plant acclimatization that might be executed by structural
changes of photosynthetic apparatus. However,  in extreme cases
can also lead to photoinhibition as result of the damage of  key
photosynthetic proteins by excess light. Precisely regulated repair
processes  involves the degradation of damaged proteins and syn-
thesis de novo of new copies, in order to restore photosynthetic
function. The exact proteolytic system participating during
acclimatization of plants to light changes has so far not been iden-
tified in both C3 and C4 plants. The pull-down assay was used to
find substrates of Deg1 protease from Arabidopsis thaliana (C3
type) and Zea mays (C4 type) chloroplasts, in response to short
time treatment of the leaves photoinhibitory light (900 μmol m-2s-1).
Identification of bound to Deg1 proteins were performed using
mass spectroscopy technique or with the use of special antibod-
ies (Western blotting).  Preliminary results show that Deg1 pro-
tease can be involved in the degradation of  the core and antenna
PSII proteins.  Our data suggest that not only D1 protein, as was
earlier demonstrated (Kapri-Pardes et al., 2007), but also D2 and
some antenna proteins e.g. CP29, can be the substrate of Deg1
protease.

These studies were financed by the grant from the Ministry of Science
and High Education of Poland.

REFERENCES:
KAPRI-PARDES E, NAVEH L, ADAM Z. 2007. The thylakoid lumen protease

Deg1 is involved in the repair of photosystem II from photoinhi-
bition in Arabidopsis. Plant Cell 19: 1039–1047.

4.74.
Influence of inorganic and organic phosphorus
supply on acid phosphatase activity and
growth of oat (Avena sativa L.)
Ewa Żebrowska, Magdalena Chraboł, Izabela Kalinowska,
Iwona Ciereszko
Department of Plant Physiology, Institute of Biology,
University of Białystok, Świerkowa 20b, 15-950 Białystok, Poland,
ewaw@uwb.edu.pl, icier@uwb.edu.pl

Phosphate deficiency is common in most cultivated soils. Most
phosphorus in soil exists as organic compounds, available for
plants only when hydrolyzed by soil enzymes eg. phosphatases.
Acid phosphatases (EC 3.1.3.2) are believed to enhance inorgan-
ic phosphate (Pi) uptake and thus are important component of
plant response to Pi starvation (Żebrowska, Ciereszko, 2007).
Two oat varieties (Deresz and Rajtar) were grown for 1–3 weeks
on different nutrient media with contrasting phosphorus source:
inorganic – KH2PO4 (control), organic – phytic acid and without
phosphate (-P). Extracellular acid phosphatases activity was
determined in root exudates and by in vivo stain (Gilbert 1999;
Ciereszko et al., 2002). Intracellular acid phosphatases activity
and inorganic phosphate content in shoots and roots were also
investigated. Additionally, protein extracts from tissues were run
on native discontinuous PAGE to determine acid phosphatases
isoforms. Pi content decreased in the leaves and roots of all
plants grown in the -P media; however Pi content in plants grown
on phytic acid was similar to control plants. Phosphate deficien-
cy affected growth of both studied varieties: significantly
decreased shoot growth, and increased the ratio of root/shoot
fresh weight. Whereas growth parameters of plants supplied with
phytate were more similar to control plants. Phosphate starvation
significantly increased the activity of extracellular and intracellu-
lar acid phosphatases in comparison to the control plants.
Surprisingly, both secreted and internal acid phosphatases activ-
ity in plants grown on phytate was more similar to control than
to -P plants. Our results indicate that some other enzymes (maybe
phytases), not only nonspecific acid phosphatases may be
involved in Pi release from phytate. 

This work was supported by Grant from Ministry of Science and
Higher Education, Poland (2007-2010). We wish to thank DANKO Plant
Breeders Ltd. (Choryń, Poland) for oat seeds.
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5.1.
Interphase chromosome organisation and its
dynamics in plants
Ingo Schubert
Leibniz Institute of Plant Genetics & Crop Plant Research (IPK),
D-06466 Gatersleben, Germany, schubert@ipk-gatersleben.de

Eukaryotic chromosomes occupy distinct territories within inter-
phase nuclei. The arrangement of chromosome territories (and of
specific chromatin domains therein) are likely to be important in
key events that occur within cell nuclei such as replication, tran-
scription, repair and recombination processes. Our knowledge
about interphase chromatin arrangement, mainly based on results
obtained by means of various in situ labelling approaches, is still
meagre. Nevertheless, it is emerging that phylogenetic affiliation of a
species, cell cycle and differentiation status, as well as environmen-
tal influences may have an impact on, and may cause alterations of,
interphase nuclear architecture. Most data regarding interphase
structural organization in plants have been obtained for
Brassicaceae (Arabidopsis thaliana and related species) and for
cereal species. I will survey the present knowledge about inter-
phase arrangement of Brassicaceae chromosomes concerning the
relative positioning of chromosome territories, somatic pairing of
homologues, and sister chromatid alignment in meristematic and
differentiated tissues. Furthermore I will discuss the morpholog-
ical constraints and epigenetic impacts on the nuclear architec-
ture and the evolutionary stability of chromosome arrangement
patterns as well as alterations of nuclear architecture during tran-
scription and repair, in mutants with increased recombination
activity, and in lines carrying transgenic tandem repeat arrays.

5.2.
Characterisation of AtNUFIP, a novel gene
controlling the biogenesis of small nucleolar
RNAs, sheds new light on RNA methylation
and its impact on plant development 
Julie Rodor, Edouard Jobet, Christel Carles,
Jonathan Bizarro, Manuel Echeverria
UMR 5096, Université de Perpignan via Domitia-CNRS-IRD,
66000 Perpignan, France 

RNA methylation directed by class C/D small nucleolar RNAs (C/D
snoRNAs) is an important modification occurring on several
residues of ribosomal RNAs and other transcripts in eukaryotes.
However in plants few studies have addressed the factors con-
trolling RNA methylation and their impact in development.  

Here we report the identification and functional characterisa-
tion of the Arabidopsis AtNUFIP gene that controls C/D snoRNA
biogenesis. In Arabidopsis more than 100 C/D snoRNAs have
been identified. Most of them are encoded by clustered genes pro-
ducing polycistronic precursors that are processed to liberate the
C/D snoRNAs. In vivo all C/D snoRNAs are associated with four
conserved core nucleolar proteins including fibrillarin which is
the RNA methylase and the 15,5K protein which is the only C/D
snoRNP core component directly interacting with the C/D
snoRNA. Assembly of the C/D snoRNP is a complex process that
requires accessory proteins. A key protein recently identified in
human cells corresponds to NUFIP, that directs assembly of the
C/D snoRNP via a direct interaction with the 15,5K protein. 

Surprisingly, Arabidopsis AtNUFIP shows little similarity to
human NUFIP except for a short motif that interacts with the

15,5K protein. We isolated and characterised two AtNUFIP T-
DNA insertional mutants that produce truncated mRNAs.
Analysis of these mutants revealed that AtNUFIP specifically con-
trols biogenesis of the C/D snoRNAs and this is correlated with a
reduction of methylation of their target residues in rRNAs.
Remarkably we also found that the impact of AtNUFIP is tightly
related to genomic organisation of the snoRNA genes.  

We further show that AtNUFIP also controls the biogenesis of
the scaRNPs that direct methylation of spliceosomal snRNAs and
are predicted to be located in Cajal bodies. 

At the developmental level, AtNUFIP mutants are viable but
display severe leaf, flower and seed developmental phenotypes.
This raises the question whether this is due to a global decrease
of methylation of rRNAs or snRNAs, affecting protein translation
or splicing respectively. Alternatively, this could be due to anoth-
er unknown function of AtNUFIP. We are now developing differ-
ent approaches to address these questions in Arabidopsis and
confirm the impact of RNA methylation on plant development. 

5.3.
Regulation of plant gene expression
by alternative splicing
John W. S. Brown
Plant Sciences, University of Dundee@SCRI, Invergowrie,
DD2 5DA Dundee, Scotland, UK, j.w.s.brown@dundee.ac.uk

The importance of post-transcriptional regulation of expression is
well-recognised in plants but the role of alternative splicing (AS)
in the production of functionally different proteins or in modu-
lating transcript levels is poorly understood. We have developed
an RT-PCR panel to monitor changes in alternatively spliced iso-
forms of ca. 300 Arabidopsis AS events focusing on events in
transcription factors, RNA-interacting proteins and proteins
involved in signalling or stress responses. With the labs of Andrea
Barta (Vienna) and Artur Jarmolowski (Poznan) we have used the
panel to examine how factors involved in mRNA biogenesis (e.g.
cap-binding proteins) and splicing regulation (e.g. SR proteins
and PTB-like proteins) affect alternative splicing. We are current-
ly using the RT-PCR panel to examine the wider relationship
between alternative splicing and nonsense-mediated decay (NMD)
and are developing process-specific AS panels.

The NMD pathway targets mRNAs containing premature ter-
mination codons (PTC) for degradation. In both mammals and
plants, mRNAs with an increased distance between the PTC and
the 3' end of the mRNA (long 3' UTRs) and/or with an exon junction
complex downstream of a PTC are targeted for degradation. NMD
is thought to reduce the consequences of mutations or mistakes in
expression, to reduce genomic noise and prevent production of
potentially detrimental truncated proteins. In addition, NMD mod-
ulates the levels of AS isoforms which contain PTCs. Around 10%
of the human transcriptome is turned over by NMD and 30% of
human AS transcripts contain PTCs and are degraded by NMD. 

In Arabidopsis, examples of regulation by alternative splicing
and NMD include the genes encoding circadian clock proteins,
AtGRP7 and AtGRP8. We are analyzing mutants of the NMD pro-
teins, UPF1 and UPF3 (upf3-1 and upf1-5). Impaired NMD caus-
es an increase in abundance of PTC+ AS isoforms which are nor-
mally turned over by NMD. The 264 AS events analysed so far
produced around 700 alternatively spliced transcripts of which
approximately 150 increased in abundance. We estimate from
these results that between 15-20% of alternatively spliced prod-
ucts in Arabidopsis are turned over by NMD. Control of expres-
sion by AS must be carefully regulated. To examine co-ordinated
control of AS in genes in the same pathway, we are identifying AS
events and generating process-specific RT-PCR panels. 
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5.4.
Protein-protein interactions within cap-binding
complex (CBC) and with pri-miRNA processing
machinery components in living Arabidopsis
thaliana cells
D. Kierzkowski, A. Kapczyńska, S. Tylewicz, M. Kmieciak,
P. Piontek, A. Jarmołowski, P. Wojtaszek
Department of Gene Expression, Department of Molecular and
Cellular Biology, Adam Mickiewicz University, Poznań, Poland
daniel.kierzkowski@gmail.com

A 7-methyl guanosine (7MeG) cap structure is added to the 5' end
of all RNA Polymerase II transcripts. The cap-binding complex
(CBC) is composed of two subunits – cap-binding proteins: CBP20
and CBP80. The CBC binds to the cap structure of pre-mRNA and
is involved in several aspects of RNA metabolism. The cap is also
present in pri-miRNA transcripts. miRNA processing in plants
requires SERRATED (SE), DICER-LIKE 1 (DCL1), and HYPONAS-
TIC LEAVES 1 (HYL1). It is known that pre-mRNA and pri-miRNA
transcripts share common processing components. Recently, the
roles of the CBP20, CBP80 and SERRATED in both mRNA splicing
and miRNA processing has been shown. The working hypothesis is
that SE can be a mediator between the cap-binding complex and
both the splicing commitment complex and the pri-miRNA pro-
cessing machinery. We have analyzed in details the interaction
between the Arabidopsis thaliana CBP20 and CBP80, using the
yeast two-hybrid system, Fluorescence Resonance Energy Transfer
(FRET) and Bimolecular Fluorescence Complementation (BiFC)
assays. The N-terminal part of AtCBP20 is essential for interaction
with AtCBP80. The interactions between AtCBC and AtSE or
AtHYL1 were also analyzed using FRET and BiFC methods. We
show here that AtCBP80 interacts with AtSE. It seems that SER-
RATED functions as a physical link between CBC (via AtCBP80)
and distinct RNA processing machineries for pre-mRNA splicing
and pri-miRNA processing.

This work has been supported by the Polish Ministry of Science and
Higher Education grants PBZ-MNiI-2/1/2005 and PBZ-2/3/2006 and
the UE funded project EURASNET.  DK is a recipient of Adam
Mickiewicz University Foundation grant in 2009.

5.5.
Stability, nucleotide sequences and expression
of the rolC and nptII genes in 15-years old cell
cultures of Panax ginseng
Konstantin V. Kiselev
Institute of Biology and Soil Science,
Far Eastern Branch of Russian Academy of Science, 159,
Prospect Stoletiya Vladivostoku  str., 690022 Vladivostok,
Russian Federation, kiselev@biosoil.ru

We showed that after 15 years of the cultivation of Panax ginseng
transgenic cell cultures the rolC and nptII (neomycin phospho-
transferase) gene was expressed at a high level (Kiselev et al.,
2008). Further, we analyze in detail the nucleotide composition of
the rolC and nptII genes (Kiselev et al., 2009). It has been estab-
lished that the nucleotide sequences of the rolC and nptII genes
underwent mutagenesis during cultivation. Particularly, 1–4
nucleotide substitutions were found per sequence in the 540 bp
and 798 bp segments of the complete rolC and nptII genes,
respectively. Approximately half of these nucleotide substitutions
caused changes in the structure of the predicted gene product. In

addition, we attempted to determine the rate of accumulation of
these changes by comparison of DNA extracted from P. ginseng cell
cultures from 1995 and 2007. It was observed that the frequency
of nucleotide substitutions for the rolC and nptII genes in 1995 was
1.21 ± 0.02 per 1,000 nucleotides analyzed, while in 2007, the
nucleotide substitutions significantly increased (1.37 ± 0.07 per
1,000 nucleotides analyzed). Analyzing the nucleotide substitu-
tions, we found that substitution to G or to C nucleotides signifi-
cantly increased (in 1.9 times) in the rolC and nptII genes com-
pared with P. ginseng actin gene. Finally, the level of nucleotide
substitutions in the rolC gene was 1.1-fold higher when compared
with the nptII gene. Thus, for the first time, we have experimen-
tally demonstrated the level of nucleotide substitutions in trans-
ferred genes in transgenic plant cell cultures.
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5.6.
Cytogenetic analysis of  Chenopodium album
aggregate
Bozena Kolano1, Maja Michalska1, Renata Molewska1,
Eric Jellen2, Jolanta Maluszyńska1

1Depatment of Plant Anatomy and Cytology, University of Silesia,
Jagiellonska 28, 40-032 Katowice, Poland,
bozena.kolano@us.edu.pl; jolanta.maluszynska@us.edu.pl

2Department of Plant & Wildlife Sciences, Brigham Young 
University, 275 WIDB, Provo, UT, 84602, USA, jellen@byu.edu

Chenopodium album agg. consists of several species represent-
ing three different ploidy levels: diploid (2n = 2x = 18), tetraploid
(2n = 4x = 36) and hexaploid (2n = 6x = 54). The species which
belong to the aggregate create a lot of taxonomical difficulties
because of marked phenotypic plasticity, parallel evolution and
putative hybridization. Moreover, some of the species which
belong to the aggregate include plants on different ploidy level,
what make the study even more complex. 

Selected species of the aggregate were analyzed using cytoge-
netic methods. Among them two species (C. album and C. stric-
tum) included plant with different ploidy levels. Cytogenetic
analysis indicated that two studied diploids: C. album and C. fici-
folium have very similar genome size and comparative GISH
(cGISH) revealed that the fraction of the repetitive DNA are very
similar, although some differences in  chromosomal organization
of rDNA loci were observed. Among studied polyploids three
tetraploids (C. berlandieri, C. quinoa, C. strictum) and five hexa-
ploids (C. album, C. giganteum, C. bushianum, C. strictum, C.
opulifolium) were observed. The tetraploids had similar genome
size, karyotype length and number of rDNA loci (one pair of loci
of 45S rDNA and two or three pairs of 5S rDNA loci). Also ana-
lyzed hexaploids revealed similar genome size, karyotype length
and rDNA loci distribution (two 45S rDNA loci and four pairs of
5S rDNA loci). The only one exception was C. opulifolium with
bigger genome size and fewer number of rDNA loci. GISH was
used to find the relationships between diploid C. album and
selected polyploid species of the aggregate. The evolutionary
implications of these findings will be discussed. 
The research was supported by Polish Ministry of Science and Higher
Education grant N N303 340535.
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5.7.
Ribosomal genes, AT- and GC-rich chromatin
in Rhoeo. Implications for chromosome
rearrangements
Hieronim Golczyk1, Andrzej J. Joachimiak1,
Robert Hasterok2

1Department of Plant Cytology and Embryology, Institute of
Botany, Jagiellonian University, Grodzka 52, 31-044 Kraków,
Poland, h.golczyk@iphils.uj.edu.pl, a.joachimiak@uj.edu.pl

2Department of Plant Anatomy and Cytology, University of Silesia,
Jagiellonska 28, 40-032 Katowice, Poland, hasterok@us.edu.pl

FISH-aimed cytogenetic investigation was performed in a perma-
nent translocation heterozygote Rhoeo spathacea (2n=12). The
results suggest the involvement of rRNA gene arrays in chromo-
some rearrangements. 45S rDNAs accompanied by CMA-bands
were detected within NOR-bearing chromosome ends. In contrast
to previous study (Golczyk et al., 2005), they were also detected
within all the twelve transcriptionally silent pericentromeric
regions. It is suggested here that subtelomeric 45S rDNAs and
pericentromeric chromatin may have served as a source of the
putative breakpoints generating whole-arm translocations and/or
whole-arm inversions. The persistence of two cytologically well-
defined chromatin domains (AT and GC-rich, 45S rDNAs) within
all twelve pericentromeres suggests spreading and homogeniza-
tion of their sequences during evolution of Rhoeo karyotype. Such
processes can be facilitated by clustering of centromeres which
brings proximal sites into contact (Schweizer et al., 1987; Cerda
et al., 1999). To note, in Rhoeo profound centromere associations
are formed in somatic and meiotic cells. It was revealed that the
large 5S rDNA locus residing on each of 8E and 9E arms is a
duplicated locus, consisting of two smaller loci separated by a
short distance. The duplication may have been due to small inver-
sion with one of the breakpoints within the already existing 5S
rDNA locus. On each of the two other chromosome arms: 3b and
4b, in addition to the major telomere-adjacent 5S rDNA locus, the
new minor one was found in the interstitial position. Each of the
two interstitial 5S rDNA loci may have originated due to a large
segmental inversion with one of the breakpoints within the telom-
ere-adjacent major 5S rDNA locus.

The work was supported by the Polish State Committee for Scientific
Research (Grant No. N301 116 32/4008)
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5.8.
Molecular cytogenetics and meiotic system
in Oenothera
Hieronim Golczyk1, Uwe Rauwolf 2,
Reinhold G. Herrmann2, Stephan Greiner3

1Department of Plant Cytology and Embryology, Institute of
Botany, Jagiellonian University, Grodzka 52, 31-044 Kraków,
Poland, golczyk@iphils.uj.edu.pl

2Department für Biologie I, Bereich Botanik,
Ludwig-Maximilians-Universität, Menzinger Straße 67,
80638 Munich, Germany, r.herrmann@lrz.uni-muenchen.de,
uwe_rauwolf@yahoo.de

3Max-Planck-Institut für Molekulare Pflanzenphysiologie,
Wissenschaftspark Golm, Am Mühlenberg 1,
14476 Potsdam-Golm, stephan.greiner@web.de

Permanent translocation heterozygosity (PTH) – a widespread
phenomenon in Oenothera (evening primrose) presents itself
valuable tool for studies on genome rearrangements and their
biological significance. In evening primroses complex genome
rearrangements involved the non-homologous chromosomes and
resulted in rings/chains at meiosis. PTH organisms breed true for
meiotic rings due to the existence of the two non-recombining
superlinkage chromosome sets, the so called Renner complexes
(Cleland, 1972; Rauwolf et al., 2008) and due to special means
eliminating homozygotes (Levin, 2002). The fact that PTH system
has evolved also in other unrelated plant taxa indicates that it can
serve as a fully successful alternative strategy in adaptive evolu-
tion. However, the driving forces for the origin of this phenome-
non and basic cytological predispositions required for PTH to
evolve remain enigmatic. The critical cytogenetic parameters sub-
jected to selection are karyotype structure and specialized type of
meiosis (Cleland, 1972). Both are poorly recognized in
Oenothera (Cleland, 1972; Golczyk et al., 2008). Here we present
results of a cyto-molecular study on Oenothera chromosomes
and meiotic nuclei. The analyzed species were ring formers as
well as bivalent formers. All the species had two 5S rDNA loci per
karyotype and 4–6 45S rDNA loci. Based on the distribution of
ribosomal gene clusters and chromosome measurements (length
and chromosome arm ratio) general chromosome identification
rules and standard karyotypes were presented. A special atten-
tion was also paid to chromocenters and their behaviour during
meiotic prophase. The results indicate that association of chro-
mosomes with the nucleolus plays an important role in cen-
tromere clustering and obtaining Rabl-polarization during lep-
totene. The structure of karyotypes and meiotic nuclei in
Oenothera were discussed with regard to the theory of reciprocal
translocations and a need for specialized type of meiotic
prophase in PTH organisms.
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5.9.
Karyotyping of Humulus japonicus
Siebold & Zucc. by FISH and C-banding/DAPI
method
Aleksandra Grabowska-Joachimiak1, Magdalena Mosiolek2,
Agnieszka Lech1, Grzegorz Góralski3
1Cytogenetics Group in the Department of Plant Breeding and
Seed Science, Agricultural University of Cracow, Łobzowska 24,
31-140 Kraków, Poland, rrjoachi@cyf-kr.edu.pl

2GMI-Gregor Mendel Institute of Molecular Plant Biology,
1010 Vienna, Austria, magdalena.mosiolek@gmi.oeaw.ac.at

3Department of Plant Cytology and Embryology, Institute of
Botany, Jagiellonian University, Grodzka 52, 31-044 Kraków,
Poland, ggoralski@gmail.com

Humulus japonicus (Japanese hop) from the family Cannabaceae
is a dioecious, annual species with heteromorphic sex chromo-
somes (XX/XY1Y2) and sex determination system based on the X
to autosome balance (X:A). Chromosome constitution of females
is 2n=14 + XX, and of males is 2n= 14 + XY1Y2. Morphological
similarity makes exact identification of conventionally stained sex
chromosomes and autosomes in H. japonicus very difficult, so
the satisfactory description of Humulus karyotype require more
advanced methods of karyotype analysis. In our study we applied
FISH with probes of rDNA (45S, 5S) and telomeric sequences as
well as C-banding/DAPI technique in effort to better characteriza-
tion of chromosomal complement in this species and to advance
our knowledge of plant sex chromosomes. We constructed a flu-
orescent karyotype that can be used to distinguish almost all
autosome pairs.The only exceptions were two largest autosome
pairs, deprived of rDNA signals and similar both in size and
DAPI-banding pattern. Sex chromosomes of H. japonicus showed
unique banding pattern and different intensity of DAPI fluores-
cence. X chromosome was equipped with only one terminal
brightly stained AT-rich segment, Y1 with two such segments and
Y2 was completely deprived of DAPI marks. Both Y chromosomes
were easily distinguished after C-banding/DAPI from the rest of
chromosome complement by the enhanced fluorescence of their
arms. The elevated DAPI fluorescence of Y chromosomes after
this method suggests enrichment in repetitive sequences – the sit-
uation similar to that observed previously in Rumex acetosa, a
model plant with the same sex chromosome system (Jamilena et
al., 2008).
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5.10.
Excessive rDNA amplification in tetraploid
forms of Aconitum
Tomasz Ilnicki1, Hieronim Golczyk1, Robert Hasterok2

and Andrzej J. Joachimiak1

1Department of Plant Cytology and Embryology, Institute of
Botany, Jagiellonian University, Grodzka 52, 31-044 Kraków,
Poland, a.joachimiak@uj.edu.pl

2Department of Plant Anatomy and Cytology, University of Silesia,
Jagiellonska 28, 40-038 Katowice, Poland, hasterok@us.edu.pl

The physical localization of the 5S and 25S ribosomal DNA
(rDNA) sequences was examined by fluorescence in situ
hybridization (FISH) in two diploid (A. variegatum and A.
degenii) and two tetraploid (A. firmum and A. plicatum) species

of Aconitum subgen. Aconitum from Poland. Combined data of
rDNA loci distribution FISH signals and already known C-band-
ing patterns (Joachimiak et al., 1999; Mitka et al., 2007) may in
some cases provide good chromosome markers to clarify the
karyotype structure in analyzed species. The general feature of
the Aconitum karyotypes was the localization of both kinds of
rDNA sites exclusively on the short arms of chromosomes and
heterochromatic appearance of 25S rDNA clusters. 

Two diploid species showed uniform, subterminal (25S) or
pericentromeric (5S) localization of  rDNA loci. There were only
three 5S rDNA sites in the karyotype of both species, and eight
25S rDNA sites in A. variegatum and six in A. degenii. The num-
ber of rDNA loci in A. firmum and A. plicatum was higher than
the sum of loci in the diploid species. The most striking feature
of tetraploid karyotypes was the conservation of rDNA loci exist-
ing in diploids and the emergence of many additional 5S rDNA
sites. The number of 5S rDNA clusters within the karyotype was
up to 23 in A. firmum and 20 in A. plicatum. The rDNA distri-
bution within chromosome tetrads suggests the contribution of
additional ribosomal DNA sites to the diploidization of tetraploid
karyotypes. The similar basal genome size (Cx) of diploid and
tetraploid Aconitum lines suggests that the massive amplification
of rDNA sequences was counterbalanced by the elimination of
some other sequences during evolution of tetraploid species. This
is the first report on the 5S and 25S rDNA distribution and
nuclear DNA amount in Aconitum.

REFERENCES:
JOACHIMIAK A, ILNICKI T, and MITKA J. 1999. Karyological studies on

Aconitum lasiocarpum (Rchb.) Gayer (Ranunculaceae). Acta
Biologica Cracoviensia Series Botanica 41: 205-211.

MITKA J, SUTKOWSKA A, ILNICKI T, JOACHIMIAK AJ. 2007. Reticulate evo-
lution of high-alpine Aconitum (Ranunculaceae) in the Eastern
Sudetes and Western Carpathians (central Europe). Acta
Biologica Cracoviensia Series Botanica 49/2: 15-26.

5.11.
Genome structure in several representatives of
the genus Taraxacum section Ruderalia
Paulina Kania1, Adam Kula1, Jolanta Marciniuk2

1Department of Plant Breeding and Seed Science, Agricultural
University of Cracow, Łobzowska 24, 31-140 Kraków, Poland,
paulinakania12@o2.pl; rrkula@cyf-kr.edu.pl

2Department of Botany, University of Podlasie, Prusa 12,
08-110 Siedlce, Poland, jolam@ap.siedlce.pl

Within the genus Taraxacum about 3000 species occurring all
over the word are distinguished. Polyploid species are either
obligatory or facultative apomicts, whereas diploid species repro-
duce sexually (van Baarlen et al., 2000; Marciniuk and
Rudzińska-Langwald, 2008).

Among several studied species from the section Ruderalia,
one species – T. linearisquameum turned out to be diploid
(2n=16) and in some others (T. cyanolepis, T. fulgidum, T. gen-
tile, T. sinuatum, T. undulatum) triploid chromosome number
(2n=24) was observed. Having applied the C-banding/DAPI
method of chromosome staining, in the karyotype of  T. lin-
earisquameum the authors distinguished a pair of nucleolar
chromosomes, each of them possessing one large, fluorescent
segment of heterochromatin. The karyotype of two other triploid
species: T. gentile and T. sinuatum revealed two SAT chromo-
somes with fluorescent bands as well as one without strong fluo-
rescence. This result suggests that in the two studied triploid
agamic species there are two genomes similar to those observed
in the diploid T. linearisquameum and the third genome of a dif-
ferent type.
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5.12.
Stilbene synthase gene expression in callus
cultures of Vitis amurensis with different
levels of resveratrol production
K.V. Kiselev, A.S. Dubrovina 
Institute of Biology and Soil Science, Far East Branch of Russian
Academy of Sciences, 690022 Vladivostok, Russia,
kiselev@biosoil.ru

Resveratrol is known to have antioxidant, anti-inflammatory, and
antiviral activity. It is also a strong antitumoral agent effective
against many types of cancer (Aggarwal et al., 2004). Stilbenes,
including resveratrol, are synthesized via the phenylpropanoid
pathway. Stilbene synthase (STS, EC 2.3.1.95) condenses three
molecules of malonyl-CoA and one molecule of cumaryl-CoA to
form resveratrol. STS exists as a multigene family. In Vitis
vinifera, closely related to V. amurensis, 25 STS genes per hap-
loid genome were predicted. The large number of STS genes has
aroused considerable interest. We suggested STS genes of V.
amurensis encoding protein products with different activity in
resveratrol biosynthesis. We analyzed STS gene expression in cal-
lus cultures of V. amurensis with different levels of resveratrol
production: 0.30–3.15% dry wt. in rolB transgenic cell cultures
(Kiselev et al., 2007); 0.10–0.15% dry wt. in rolC transgenic cell
cultures (not published); 0.05–0.10% dry wt. in nontransgenic
cell cultures treated with 50–300 μM of salicylic acid (not pub-
lished); and 0.02–0.03% dry wt. in nontransgenic cell cultures
used as control (Kiselev et al., 2009). It is known integration of
individual rol genes of Agrobacterium rhizogenes into the plant
genome may enhance biosynthesis of certain groups of secondary
metabolites. The total expression of STS genes was approximate-
ly on the same level in the V. amurensis cultures. Then, we ana-
lyzed the quantity of clones of individual STS genes. We
sequenced more than 350 clones of different STS genes obtained
from cDNA probes of the explored V. amurensis cell cultures. We
detected 10 STS genes. The sequenced fragments of seven STS
gens were deposited in GeneBank: VaSTS1 (EU659862), VaSTS2
(EU659863), VaSTS3 (EU659864), VaSTS4 (EU659865), VaSTS5
(EU659866), VaSTS6 (EU659867), VaSTS7 (EU659868). We
divided the STS genes on four groups:
a) STS gene which was being constantly expressed on a high

level in all cell cultures. The expression of the gene slightly
increased in cells with high resveratrol content (VaSTS1).

b) STS genes which expression was significantly increased in the
cell cultures with high resveratrol content (VaSTS2, VaSTS3,
VaSTS4, VaSTS5, VaSTS7).

c) STS genes which expression was strongly activated by SA
(VaSTS6) or by rolC gene (VaSTS9, VaSTS10). However,
these genes were weakly expressed in the rolB transgenic cell
culture (highest resveratrol content).

d) STS gene (VaSTS8) which transcripts were extremely rare in
cDNA probes obtained from the cultures with high resveratrol
content.
We propose that an increase in the expression of the second

group of STS genes is required to a high level of resveratrol pro-
duction in a V. amurensis cell culture. Further study is needed to
confirm this hypothesis.
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5.13.
Chromosomal analysis of Secale cereale ×
Dasypyrum villosum amphiploid and its
parents by use of cytogenetic methods
Tomasz Książczyk1, Magdalena Majewska1,
Halina Wiśniewska1, Daniela Gruszecka2,
Barbara Apolinarska1, Henryk Łapiński
1Institute of Plant Genetics, Polish Academy of Sciences,
Strzeszyńska 34, 60-479 Poznań, Poland, tksi@igr.poznan.pl

2Institute of Plant Genetics, Breeding, and Biotechnology,
Lublin University of Plant Sciences, Akademicka 13,
20-950 Lublin, Poland.

The wild species from Triticeae tribe has played an important
role in the processes of increasing the genetic variation of rye
(Secale cereale L.). The genus Dasypyrum comprises many agro-
nomically important traits including disease resistance, drought
and freezing tolerance, high protein content and quality, and
therefore might be used as a valuable source for crops improve-
ment. Our research was carried out on Secale cerale ×
Dasypyrum villosum tetraploid (2n=4x=28; RV-genome) which
resulted from the intergeneric crosses between S. cereale
(2n=2x=14; R-genome) and D. villosum (L.) P. Candargy
(2n=2x=14; V-genome), and then obtained from colchicine treat-
ment. In the present study, we attempted to investigate the
genome structure of this amphiploid and its parents, and the
analysis was conducted on somatic metaphase chromosomes
using fluorescence and genomic in situ hybridization
(FISH/GISH). The FISH provided valuable chromosomal land-
marks to detect chromosome variations, and was able to identify
rDNA-bearing chromosomes. 

This approach revealed chromosomal rearrangements and
allowed identification the chromosomes implied in chromosome
rearrangements. For more detailed amphiploid genome analysis,
a silver staining method (Ag-NOR) was applied, but no nucleolar
dominance was occurred. The interspecific and intergeneric
hybrids between rye cultivars and wild diploid species D. villo-
sum are important for introgression breeding programs, and can
be used, for example, to transfer of abiotic and biotic stress
resistance traits from Dasypyrum species into Secale species.
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5.14.
Nodulation SymRK-gene region in the narrow
leafed lupin genome: localization, structure
and annotation
Michał Książkiewicz1, Karolina Leśniewska1,
Frédéric Mahé2, Barbara Naganowska1,
Marie-Thérèse Misset2, Abdelkader Aïnouche2,
Bogdan Wolko1

1Institute of Plant Genetics Polish Academy of Sciences,
Strzeszyńska 34, 60-479 Poznań, Poland. bwol@igr.poznan.pl

2UMR CNRS 6553 Ecobio, Equipe Mécanismes à l'Origine de la
Biodiversité, Campus de Beaulieu, Université de Rennes-1,
Rennes, France, abdelkader.ainouche@univ-rennes1.fr

SymRK (Symbiotic Receptor Kinase) is one of the key genes con-
trolling the nodulation (and mycorhization) process in legumes.
In this work we established the localization and the structure of
the SymRK region in the genome of Lupinus angustifolius.

A fragment of SymRK sequence from the narrow-leafed lupin
was amplified by the PCR on a genomic DNA template and
applied as a probe for hybridization with the L. angustifolius
nuclear genome BAC library. The screening of the library showed
positive hybridization signals corresponding to six BAC clones.
The results were verified by PCR using DNA of clone inserts and
two sets of primers, designed on the basis of the SymRK
sequence. To determine the arrangement of clones in the genome
region, restriction fingerprinting was carried out. Five clones con-
taining the SymRK fragment were localized in one contig.
Considering that the genome coverage in the lupin BAC library is
estimated as 6× , the number of 5 positively verified BAC clones
assembling into a single contig is strong evidence that only one
region with SymRK sequence is present in L. angustifolius
genome. 

We confirmed the molecular data regarding SymRK genome
representation, by cytogenetic analysis using fluorescence in situ
hybridization (BAC-FISH). Four of five selected BAC clones were
subjected to BAC-FISH on mitotic metaphase chromosomes of L.
angustifolius. The BAC DNA was labeled by standard nick-trans-
lation. Two BAC clones hybridized to single loci and were co-
localized on one pair of chromosomes. Two other BACs, howev-
er, were mapped in multiple loci on different chromosomes, most
likely due to repetitive elements. Close localization of two single-
locus BAC signals on the same chromosome pair confirms the
presence of a unique SymRK region in the L. angustifolius
genome.

Furthermore, sequencing of the largest BAC clone yielded a
sequence of 116,636 bp from the assemblage of 1,536 tiles (aver-
age cover of 12.72×). Sequence annotation was performed using
a combination of various bioinformatic tools. SymRK belongs to
a large conserved gene rich region, which is flanked by a remark-
able transposable elements rich region (25% of the BAC
sequence).

5.15.
New loci controlling preharvest sprouting
(PHS) in rye (Secale cereale L.) revealed by
bidirectional selective genotyping (BSG)
Piotr Masojć, Magdalena Wiśniewska, Anna Łań,
Marta Mikołajczak-Brusiło, Radosław Owsianicki
Departament of Genetics and Plant Breeding, West Pomeranian
University of Technology in Szczecin, Słowackiego  17,
71-434 Szczecin, Poland

A method of bidirectional selective genotyping within the two
groups of recombinant inbred lines (RILs) representing opposite
extreme phenotypes in respect to PHS revealed 12 loci controlling
preharvest sprouting in rye. Six loci giving strong bidirectional
effect on two RILs grups were recognized as PHS directional loci
(PHSD). They were mapped on chromosomes 1RL
(pr310/320_380) and 3RL (pr224/289, pr181B, pr419/455,
pr884/pm74, pm4/200). 

Six loci giving segregation deviated from the expected 1:1
ratio only within the susceptible RILs group were recognized as
PHS enhancing loci (PHSE). PHSE loci were mapped on chromo-
somes 2RS (pr310/320_650), 3RL (pm9/200, pm21/194,
pm2/194) and 7RS (pm1/pr910_750).

New loci controlling PHS in rye found in this study substan-
cially increase the complexity of a genomic architecture for PHS
detected in earlier report (Masojć et al., 2009).

This study was supported by grant PBZ-MNiSW-2/3/2006 from the
National Centre of Scientific Researcg And Development (NCBiR).
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5.16.
Development and localization of arbitrarily
amplified DNA fragments on the carrot
(Daucus carota L.) chromosomes using
fluorescent in situ hybridization
Anna Mścichowska, Dariusz Grzebelus, Ewa Grzebelus 
Department of Genetics, Plant Breeding and Seed Science,
Faculty of Horticulture, Agricultural University of Cracow,
Al. 29-go Listopada 54, 31-124 Kraków, Poland
nowianna@gmail.com, grzebeluse@ogr.ar.krakow.pl,
dgrzebel@ogr.ar.krakow.pl

Carrot is a species with small and morphologically similar chro-
mosomes (2n=18). To date, only the most popular chromosome-
specific cytogenetic DNA markers, i.e. 5S and 45S rRNA genes,
were located on carrot chromosomes using fluorescent in situ
hybridization (FISH). The objective of the present study was to
develop new cytogenetic markers for carrot chromosomes, using
arbitrary PCR amplicons as probes for FISH. Amplification prod-
ucts were obtained for nine carrot accessions and Daucus capil-
lifolius – the closest relative to D. carota, using 63 RAPD decamer
primers, 16 combinations of two primers, and 8 combinations of
three primers. We searched for abundantly amplified products
monomorphic in all accessions, putatively indicating a high level
of sequence conservation of the amplified fragment. As a result,
16 amplicons that met the above requirements were obtained and
sequenced, with sizes ranging from 500 to 2200 bp. Sequence
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analysis showed that six products were similar to DNA trans-
posons or retrotransposons, ubiquitously distributed in plant
genomes, while other fragments showed no sequence similarity.
All selected amplicons  were labeled and used as probes in FISH
experiments. FISH analysis showed that four of six transposon-
related probes produced multiple FISH signals dispersed
throughout the genome and present on all chromosomes. Only
one probe (similar to the gypsy1/PTR1 retrotransposon) was
localized at several intensive fluorescent sites on some chromo-
somes and thus it might be a new cytological marker for the iden-
tification of carrot chromosomes. 

5.17.
Extension of the genetic map of rye (Secale
cereale L.) and searching for loci controlling
preharvest sprouting and alpha-amylase
activity
Beata Myśków, Stefan Stojałowski, Paweł Milczarski,
Piotr Masojć
Department of Genetics and Plant Breeding, West-Pomeranian
University of Technology, Słowackiego 17, 71-434 Szczecin,
Poland, beata.myskow@zut.edu.pl

Cultivated rye is a sprouting sensitive crop, so there is important
to rich the knowledge about genetic background of precocious ger-
mination of seeds (preharvest sprouting – PHS) and to recognize
genetic sources of sprouting resistance. Genetic system controlling
alpha-amylase (α-Amy) activity is partially connected with this
responsible for PHS. Until now genetic control of both traits was
studied by using two genetic maps of F2 populations (Masojć and
Milczarski, 2008). Since the mechanisms of studied traits proved
to be very complex and the results didn't fully coincide, there was
the necessity for identification and verification of QTLs for anoth-
er accession of sprouting resistance and low α-Amy activity genes.
For this reason third F2 mapping population was generated by
crossing rye inbred lines, S120 and S76, represented varied phe-
notypes in respect to the interesting traits, developed during a
breeding program. Analysis of sprouting and α-Amy activity was
provided in two years, for plants of F2 and F3 progenies.

The base for searching QTLs for PHS and α-Amy activity was
the genetic map of S120×S76 intercross constructed by use of
different PCR-based markers with JoinMap 3.0 package. The
extended map has 25 new markers with known chromosomal
localization (7 SCARs, 7 SSRs, 11 STSes) which allow to reduce
number of linkage groups from 16 to 11 and to confirm the iden-
tification of chromosomes. The map is composed of 140 mark-
ers, single linkage groups consist of 2 to 37 loci. The longest
group containing 37 loci spans the distance of 82cM; the whole
map length is 435cM. Ten groups are fragments of all chromo-
somes (1R-7R), one group remain unidentified.
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5.18.
Colocalization of 5S and 45S rRNA genes
revealed by FISH in liverworts genus Pellia 
Maja Orzechowska, Jolanta Małuszyńska
Department of Plant Anatomy and Cytology, University of Silesia,
Jagiellońska 28, 40-032 Katowice, Poland,
maja.orzechowska@us.edu.pl, jolanta.maluszynska@us.edu.pl

The origin of land plant was probably the most important event
in plant evolution. There is evidence that the first plant group that
possessed land environment was liverworts. However, there is
still a little information about its genome structure. Most of cyto-
logical data concerns the number and basic morphology of moss-
es chromosomes. Among liverworts the best analysed species is
Marchantia polymorpha. Cytological analysis of its genome
revealed colocalization of 45S and 5S rDNA that is unique in
Telomophyta. Molecular research proved insertion of 5S rDNA
into 45S rDNA repeat unit. Such insertion was also found in
moss species Funaria hygrometrica (Sone et al., 1999). Analyse
of 45S and 5S rDNA localization in more bryophyte species can
help to understand evolution of land plants and answer phyloge-
netic question – is the colocalization a transitional state from
Procariota to the higher Eucariota or 5S rDNA was it inserted into
45S rDNA repeat unit by transposable elements.

Karyotypes of three haploid and one allopolyploid species
from Pellia genus was analysed. In vitro culture of thallus tissue
was kindly provided by Prof Zofia Szweykowska, A. Mickiewicz
University in Poznan, Poland. Number and localization of 45S
and 5S rRNA genes was investigated by fluorescence in situ
hybridization (FISH). 

Colocalization of 5S rDNA and 26S rDNA hybridization sig-
nals was observed in all analysed species. In haploid species 26S
rDNA loci always colocalize with 5S rDNA. In polyploid kary-
otype,where two 26S rDNA loci were present only one signal colo-
calize with 5S rDNA. Additionally single 5S rDNA loci were
observed in haploid and polyploid genomes. Detailed karyotype
analyses provided cytological confirmation of P. borealis allopoly-
ploidy and revealed genome rearrangements.

5.19.
The chalcone isomerase genes of narrow-leafed
lupin: physical and genetic mapping 
Ł. Przysiecka, B. Naganowska, B. Wolko
Laboratory of Structural Genomics, Institute of Plant Genetics
Polish Academy of Sciences, Poznań, Poland

Lupins, as other leguminous plants, have a unique biosynthesis
pathway of 5-deoxy-type flavonoid and isoflavonoid biosynthesis,
distinct from the general flavonoid pathways. Chalcone isomerase
(CHI), one of the key enzymes in this pathway, catalyzes the
cyclization of chalcone into (2S)-naringenin.

Our earlier research indicated that narrow-leafed lupins have
two distinct genes encoding chalcone isomerase. Sequence analy-
ses showed that both of them are made up of 4 exons.

In this work, clones from a bacterial artificial chromosome
(BAC) library of the L. angustifolius nuclear genome were used as
probes for fluorescence in situ hybridization (FISH) on mitotic
chromosomes. The BAC DNA was isolated and, after NotI diges-
tion, pulsed field gel electrophoresis was done to confirm the
purity and size of the isolated DNA inserts. Labeling of BAC DNA
was performed by nick-translation with tetramethyl-rhodamine-
5-dUTP or digoxygenin-11-dUTP. The BAC clones which include
the sequence of CHI (CHI1) gene gave a single-locus signal on one
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pair of homologous chromosomes while those with another
sequence of CHI gene (CHI2) showed two distinct signals localized
on two different pairs of chromosomes.

Two sequence-defined molecular markers for each CHI gene
were therefore designed based on exon sequences. Both gene
mapped in different groups of gene-based linkage map of Lupinus
angustifolius. 

5.20.
Control of replication of prematurely
condensed chromosomes
Dorota Rybaczek
Department of Cytophysiology, University of Łódź,
Pilarskiego 14, 90-231 Łódź, Poland, doryb@biol.uni.lodz.pl

Nuclear rearrangements that make up structural basis for the
core processes of the cell cycle comprise two opposite functional
states of chromatin, one adjusted to precisely replicate DNA, and
the other adapted to allocate sister chromosomes into two daugh-
ter cells. The temporal order of S phase is largely connected with
various positions occupied by distinct genomic sequences, their
structural features, AT/GC content, and histone modifications.

Although evident differences between the dispersed and com-
pact forms of nuclear structures may serve as a main explanation
for the mutual exclusion of DNA replication and M-phase conden-
sation, mitotic chromatin containing pre-RCs was shown capable to
undergo a complete round of DNA synthesis upon replication sys-
tem derived from Xenopus eggs (Prokhorova et al., 2003). 

Apart from a number of problems concerning functional sim-
ilarities of factors triggering S and M phase, the results derived
from experiments with nucleus-free extracts suggest that origins
which fail to commence DNA replication in interphase could still
undertake their functioning in mitosis. This work focuses on the
model in which S-phase-blocked (hydroxyurea-treated) cells in
primary root meristems of Vicia faba were stimulated to override
"intra-S-phase checkpoint" and, after caffeine-mediated prema-
ture chromosome condensation (PCC), were released from the
block and assayed for the ability to synthesize DNA.

It is documented, by using 3H-thymidine autoradiography
and BrdUrd-labelling, that DNA replication may start out in pre-
maturely condensed chromosomes of live cells, if these have
passed the metaphase/anaphase transition.

Electron microscopic examination revealed that replicating
areas of chromosomes are significantly less condensed than those
formed during normal mitosis and, consequently, more accessi-
ble the replication machinery. 

The ability of prematurely condensed chromosomes to synthe-
size DNA has been further supported by observations made using
anti-PCNA antibodies. These observations have also been support-
ed by experiments using phospho-Rb and anti-ORC labeling. 

This work was funded by Ministry of Science and Higher Education
grant N N303 355935 (the contract no. 3559/B/P01/2008/25).
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5.21.
Testing of the advanced backcross population
as material for fine mapping the restorer gene
in rye with the CMS-C
Stefan Stojałowski, Agata Kolbowicz, Monika Kociuba 
Department of Genetics and Plant Breeding, Westpomeranian
Technological University, Słowackiego 17, 71-434 Szczecin,
Poland, sstojalowski@zut.edu.pl

The production of rye hybrid cultivars is based on the cytoplas-
mic-genic male sterility (CMS). The Pampa sterility-inducing cyto-
plasm is widely used for breeding purposes. The CMS-C source
discovered over 35 years ago in the old Polish cultivar Smolickie
can be applied as an alternative for the Pampa cytoplasm.
Restoration of male fertility in rye with CMS-C is controlled by at
least three independent loci. Between them, Rfc1 gene localised on
the long arm of 4R chromosome is considered as the most impor-
tant one for phenotypic expression of male fertility. Precise locali-
sation of this gene has been difficult to determine, because in the
formerly analysed mapping populations oligogenic control of the
trait was observed. In order to develop a new mapping population
a male sterile 544CMS-C inbred line was crossed with the moder-
ate restorer 51527LM. Male fertile plants from F1 hybrid and next
four backcross generations were used as pollinators for the
544CMS-C (the maternal line used as a recurrent parent). In the
BC4 generation DNA was isolated and molecular markers (SSR-s
and STS-s) were used for determination of genetic similarity of
analysed individuals to the inbred line 544CMS-C. Extensive
analyses presently done allowed for detection of polymorphic
regions only on the long arms of 1R and 4R chromosomes.
Association of male fertility/sterility phenotypes with the genetic
polymorphism was stated on only for the 4RL genomic region.
Segregation for male fertile and male sterile plants in BC4 popu-
lation fits well with the monogenic model of inheritance. It seems
that analysed backcross generation is a valuable source material
for development of population for fine mapping of the Rfc1 gene.

This work was financially supported by Polish Ministry of Agriculture
and Rural Development.

5.22.
Crystal structures of the Arabidopsis thaliana
proliferating cell nuclear antigen 1 and 2
proteins complexed with the human p21
C-terminal segment
Wojciech Strzałka1, Takuji Oyama2, Kazuo Tori2 and
Kosuke Morikawa2

1Department of Molecular Genetics, Faculty of Biochemistry,
Biophysics and Biotechnology, Jagiellonian University,
Gronostajowa 7, 30-387 Kraków, Poland, strzalka@if.uj.edu.pl

2The Takara Bio Endowed Division, Institute for Protein Research,
Osaka University, Open Laboratories of Advanced Bioscience and
Biotechnology (OLABB), 6-2-3 Furuedai, Suita, Osaka 565-0874,
Japan, morikako@protein.osaka-u.ac.jp

The proliferating cell nuclear antigen (PCNA) is one of the key
proteins of the DNA replication machinery among all studied
eukaryotic organisms. Despite its crucial role, very little structur-
al and biochemical information particularly about plant PCNAs is
available, in contrast to the knowledge obtained from other
eukaryotic organisms.

Using X-ray diffraction method we have determined the crys-
tal structures of the two Arabidopsis thaliana PCNA proteins
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(AtPCNA1 and 2), both complexed with the C-terminal segment of
human p21. Both AtPCNAs form homo-trimeric ring structures,
which are essentially identical to each other, including the major
contacts with the p21 peptide. The structure of the amino-termi-
nal half of the p21 peptide, containing the typical PIP box
sequence, is remarkably similar to those observed in the previ-
ously reported crystal structures of the human and archaeal
PCNA-PIP box complexes. Meanwhile, the carboxy-terminal
halves of the p21 peptide in the plant PCNA complexes are bound
to the protein in a unique manner, most probably due to crystal
packing effects. A surface plasmon resonance analysis revealed
strikingly high affinity between each AtPCNA and the C-terminal
fragment of human p21. This result strongly suggests that the
interaction is functionally significant, although no plant homologs
of p21 have been identified yet. We also discovered that AtPCNA1
and AtPCNA2 indeed form hetero-trimers, implying that hetero
PCNA rings may play critical roles in cellular signal transduction,
particularly in DNA repair.

5.23.
Identification of self-incompatibility
(S)-haplotypes in Polish breeding lines
of white cabbage
Marek Szklarczyk1, Leszek Marzec2, Małgorzata Czernicka1,
Beata Rogowska1 and Maria Klein1

1Department of Genetics, Plant Breeding and Seed Science;
Agricultural University of Cracow, Al. 29 Listopada 54,
31-425 Cracow, Poland, mszklarczyk@ar.krakow.pl

2Plantico Zielonki, Parkowa 1A, 05-082 Stare Babice, Poland

Self-incompatibility (SI) is an outcrossing-promoting mechanism
by which self-incompatible plants reject their own and genetical-
ly similar pollen. In self-incompatible reaction pollen does not
germinate and/or pollen tube growth is inhibited before it reach-
es the ovule. The specificity of pollen-stigma interaction is con-
trolled by multiple alleles of the S locus with over 80 alleles
known in Brassica oleracea (Ruffio-Chable et al., 2001).
Herewith, we report an attempt to identify the S alleles present in
Polish breeding material of white cabbage. For this purpose, frag-
ments of the S locus glycoprotein gene and S locus receptor
kinase gene were amplified and the resulting PCR products were
digested with tetra-cutting restriction enzymes. These procedures
were performed for both the 32 analyzed and 24 tester lines car-
rying the following S-alleles: S1, S2, S4, S8, S9, S11, S13, S14, S15,
S17, S18, S20, S23, S28, S32, S39, S45, S46, S50, S53, S55, S57, S60,
S61. Comparison of the PCR-RFLP profiles allowed S-allele iden-
tification in 22 of the analyzed lines. Their profiles were identical
to those obtained for testers carrying S2, S14, S15, S28, S50 and
S55. Moreover, self-incompatibility phenotype of the analyzed
lines was tested using pollination analysis based on both seed
counting and pollen germination visualized by UV fluorescence
microscopy. These observations confirmed that the analyzed
lines are self-incompatible and that the line with the S2 allele had
less stable SI phenotype than others.

REFERENCES:
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5.24.
Genome recombination in triploid hybrids of
meadow fescue (Festuca pratensis huds.)
with perennial ryegrass (Lolium perenne L.)
M. Taciak, T. Książczyk, E. Zwierzykowska,
Z. Zwierzykowski.
Institute of Plant Genetics, Polish Academy of Sciences, Poznań,
Poland

Meadow fescue (F. pratensis Huds.) and perennial ryegrass (L.
perenne L.) can hybridize readily at different ploidy levels, pro-
ducing diploid, triploid and tetraploid hybrids. Although diploid
hybrids F. pratensis (2n = 2x = 14) × L. perenne (2n = 2x = 14)
exhibit full chromosome pairing, they are nearly completely ster-
ile. In contrast to diploid hybrids, triploid hybrids, which result-
ed from crosses of diploid F. pratensis and synthetic tetraploid 

L. perenne, show partially male and female fertility. These
triploid hybrids F. pratensis (2x) × L. perenne (4x) can be used
in backcrossing breeding programs. In this study, we present the
analysis of genome structure and homoeologous recombination
in the first backcross generation (using genomic in situ hybridiza-
tion), obtained from crosses of triploid hybrids 

F. pratensis × L. perenne (used as the male parent) into
diploid and tetraploid L. perenne cultivars 'Arka' and 'Solen',
respectively. Cytological analyses in both backcross progenies
showed a big variability in respect of somatic chromosome num-
ber, genomic structure and recombination. The number of com-
plete chromosomes of F. pratensis per recovered male gamete
ranged from 0 to 7, and it was much lower in the backcross to the
diploid (2.2/gamete) than in that to the tetraploid (5.5/gamete).
The frequency of Lolium/Festuca recombinant chromosomes was
higher in the gametes recovered in the backcross to the tetraploid
(2.0/gamete) than in the backcross to the diploid (1.4/gamete).
The homoeologous recombination breakpoints were distributed
along almost entire length of chromosome arms. In both combi-
nations most of recombinant chromosomes had single recombi-
nation breakpoints, however, double breakpoints and sporadi-
cally triple and quadruple breakpoints were also observed. 

Reciprocal and extensive intergeneric recombination
observed between the parental genomes of these triploid hybrids
are important for introgression breeding programs, and can be
used, for example, to transfer of abiotic and biotic stress resist-
ance traits from Festuca species into Lolium species.

This work was partially supported by the Polish Ministry of Science
and Higher Education (grant no. N N310 090736)

5.25.
Utilization of chloroplast and mitochondrial
DNA sequences in analysis of organelle
inheritance in Gentiana somatic hybrids
Karolina Tomiczak, Jan J. Rybczyński
Botanical Garden – Center for Biological Diversity Conservation,
Polish Academy of Sciences, Prawdziwka 2, 02-973 Warsaw,
Poland, karolina_tomiczak@wp.pl, jjryb@obpan.pl

Somatic hybridization offers the possibility of manipulating not
only nuclear but also chloroplast and mitochondrial genomes. In
38 experiments of Gentiana protoplast fusion numerous calli
and plants were produced. About 170 regenerants obtained after
electrofusion between G. kurroo Royle and G. cruciata L. as well
as between G. cruciata and G. tibetica King protoplasts were
characterized by flow cytometry and AFLP analysis, which con-
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firmed their nuclear hybridity. In order to investigate the inheri-
tance of organelle genomes in these somatic hybrids, utilization of
selected chloroplast (cp) and mitochondrial (mt) DNA non-coding
regions (Dumolin-Lapegue et al., 1997) was tested. Four cpDNA
and four mtDNA primer pairs  were applied for amplification of
desired cpDNA and mtDNA regions from total genomic DNA of G.
kurroo, G. cruciata and G. tibetica. After purification obtained
PCR fragments of 500–1000 bp length were sequenced to deter-
mine differences between chloroplast and mitochondrial genomes
of parental species. Usability of these sequences for further CAPS
or SNP analysis of somatic hybrids organelle DNA is discussed.

REFERENCES:
DUMOLIN-LAPEGUE S, PEMONGE MH, PETIT RJ. 1997. An enlarged set of

consensus primers for the study of  organelle DNA in plants.
Molecular Ecology 6: 393-397

5.26.
Comparison of two H+ATPase isoforms from
cucumber plants
Anna Wdowikowska, Grażyna Kłobus
Department of Plant Physiology, Institute of Plant Biology,
University of Wrocław, Kanonia 6/8, 50-328 Wrocław, Poland,
anna.wdowikowska@gmail.com, klobusg@biol.uni.wroc.pl

In cells of higher plants, P-type H+ATPase plays a central role in
active transport across the plasma membrane and thus is
involved in many physiological functions such as nutrient uptake,
growth of roots hairs, acid growth, osmoregulation, maintenance
of cytoplasmic pH and abiotic stress resistance. Because of its
important role in mentioned processes, the activity of H+ATPase
is expected to be controlled by different environmental and meta-

bolic changes. Furthermore, plasma membrane (PM) proton
pumps have been characterized in various plant species and is
encoded by a multigene family: 12 genes have been described in
Arabidopsis thaliana (AHA 1-AHA12), 10 genes in Oryza sativa
(OSA  1-OSA 10), 9 genes in tabaco (PMA1-PMA9), 8 genes in
tomato (http://www.ncbi.nlm.nih.gov/). It is thus imaginable that
this multiplicity of isoforms makes possible an individual adjust-
ment of the enzyme to all type of plant cell. So far, tree genes
encoding PM H+ATPase have been identified in Cucumis sativus
(NCBI accession number AJ703810, AJ703811 and AF289025).
Among them only one, CsHA3 (NCBI EF375892), has been fully
sequenced (Młodzińska et al., 2007). Here, we report the identifi-
cation and characterization of a complete sequence of a new iso-
gene, CsHA2 (NCBI EU735752), and the determination of organ-
specific expression pattern for CsHA2 and CsHA3 under a variety
of conditions. 

Amplification of 5' and 3' ends of CsHA2 (AJ703811) by
RACE-PCR technique enabled to obtain a full-length cDNA, which
encodes a proteins of 954 amino acids. CsHA2 isoform contains
five conserved regions found in others P-type ATPases, shows
high sequence identity to CsHA3 and also to other members of
the PM H+ATPase family. The RT-PCR analysis of various organs
revealed differential expression pattern for CsHA2 and CsHA3
genes suggesting that these proteins could be involved in separat-
ed physiological processes. CsHA2 mRNA expression was detect-
ed in all organs examined in immature and mature plants where-
as CsHA3 was expressed only in the roots. Furthermore, we tried
to find out whether the abundance of CsHAs transcripts in organs
collected from seedling was dependent on abiotic stresses (salt
stress, osmotic stress and heavy metal stress). This results
showed that CsHA3 and CsHA2 expression was differentially
altered under stress conditions and suggested that PM H+ATPase
can participate in plant stress resistance.
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PLENARY LECTURES

6.1.
Biosynthesis and accumulation of inositol
phosphates in developing seeds
Søren K. Rasmussen
Department of Agriculture and Ecology, Faculty of Life Sciences,
University of Copenhagen, Thorvaldsensvej 40, 
DK-1871 Frederiksberg, Denmark, skr@life.ku.dk

Most of the phosphorus in the resting seed is stored inside pro-
tein storage vacuoles as phytic acid (PA). The biosynthesis and
accumulation of PA can be detected beginning from a few days
after anthesis and seem to continue during seed development
until maturation. The first step in PA biosynthesis is the forma-
tion of inositol-3-phosphate by conversion of glucose-6-phos-
phate. This is then followed by a sequential and ordered phos-
phorylation of the remaining five positions of the inositol ring by
a number of kinases resulting in PA (myo-inositol 1,2,3,4,5,6-
hexakisphosphate). Homologous kinases from the animal and
plant kingdom have been cloned and, with the help of recombi-
nant proteins, their biochemical characterization in terms of
specificity and activity towards inositol-phosphates has been for-
warded (Josefsen et al., 2007). Identification of low-phytic acid
mutants in the cereals barley, rice, maize and in soybean is
instrumental for the elucidation of genes in the biosynthetic path-
way and identification of genes controlling the accumulation of
PA. Understanding the biosynthetic pathway and genes control-
ling and limiting the accumulation of PA in plant seeds and how
PA may balance the free phosphate is of importance for molecu-
lar breeding of crop plants in particular cereals and soybean.
Therefore TILLING as a revers genetic tool is used in order to
identify mutants in barley and hexaploid wheat. Phytic acid itself
poses a number of challenges in husbandry fodder and for sta-
ples in human nutrition as reviewed in Bohn et al. (2008). PA is
stored in globoids as salts with minerals like K > Mg > Ca > Fe
in concentration order (Bohn et al., 2008). PA reduces the
bioavailability of Fe and Zn, and thus contributes to the 'hinden
hunger'.
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6.2.
Variation to dissect yield related traits 
in barley 
A. Druka1, N. Bonar1, J. Alexander1, J. Guzy-Wrobelska2, 
J. Franckowiak3, U. Lundqvist4, L. Ramsay1, I. Druka1, 
I. Grant5, M. Macaulay1, V. Vendramin6, F. Shahinnia7, 
S. Radovic6, D. Harrap8, B. Thomas1, L. Cardle1, 
D. Marshall1, M. Morgante6, N. Stein7, R. Waugh1

1Genetics, Scottish Crop Research Institute, rnis.Druka@scri.ac.uk
2Genetics, University of Silesia
3Primary Industries and Fisheries, Hermitage Research Station
4Barley Genetics, Nordic Genetic Resource Center
5Information Technology, Scottish Crop Research Institute
6The Applied Genomics Institute, University of Udine
7Genetics, Leibniz Institute of Plant Genetics and Crop Plant 
Research (IPK)

8Genetics, KWS UK Ltd.

Direct identification of the genes underlying complex quantitative
traits such as grain yield for the crop plants by means of conven-
tional genetic analysis (positional cloning) requires several pro-
hibitively large mapping populations.  However, by using induced
mutagenesis we propose that phenotypically similar, but more
extreme allelic variants of the same genes that underlie quantita-
tive trait loci (QTLs) can be generated. Consequently these
extreme alleles can be used much more efficiently to isolate the
causal genes by positional cloning and by exploiting conservation
of synteny with model species.

In an attempt to identify the genes that underlie barley grain
yield quantitative trait loci (QTLs) in the Steptoe × Morex dou-
bled haploid recombinant population (St/Mx), we exploited a
genotypic data set of ~1000 nearly isogenic barley lines (NILs)
carrying induced mutations in genes that control various aspects
of barley plant development. Yield can be decomposed into a
number of component traits such as number of tillers per plant,
number of grains per tiller and the size of individual grains. We
focused primarily on NILs that contained introgression segments
overlapping with yield QTLs mapped previously in the St/Mx pop-
ulation and which carried mutations affecting branching of the
vegetative and inflorescence meristems, grain size, plant height,
spike length, spikelet density, flowering time, lodging and fertili-
ty. In parallel, based on the rice physical map and recently devel-
oped barley gene map, we developed an accurate barley-rice syn-
teny map, which enabled us to test whether known rice and maize
yield related genes are likely candidates for barley yield QTLs and
induced mutants.

As a result we identified isogenic lines that have introgres-
sions mapping to the same chromosomal regions as grain yield
QTLs. We will report on progress in identification and validation
of the candidate genes for these QTLs and their putative mutant
phenotypes.
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6.3.
Mutants in Photorespiration Research
Hermann Bauwe
Department of Plant Physiology, University of Rostock, 
Albert-Einstein-Strasse 3, D-18051 Rostock, Germany,
hermann.bauwe@uni-rostock.de

Photorespiration represents one of the major highways of plant
primary metabolism. By mass flow, excelled only by photosyn-
thesis, it actually constitutes the second-most important process
in the land-based biosphere. While this ancient ancillary meta-
bolic process enables plants to thrive in an oxygen-containing
environment, it also sacrifices a significant part of the freshly
assimilated carbon to the atmosphere. Photorespiratory CO2
losses can be very high and are further elevated by warmer tem-
peratures and drought, hence reducing the yields of important
crops.

In light of the importance of this process for plant metabo-
lism, adaptation and productivity it is surprising that a significant
share of the components of the pathway, such as metabolite
transporters, regulatory proteins, and metabolic enzymes are not
yet known. Similarly, our understanding of interactions with
other major metabolic pathways is still very limited, and most of
the accumulated knowledge is restricted to the C3 type of land
plant photosynthesis.

A large number of these questions can be answered by
mutant analysis, which has always been an important tool in pho-
torespiration research. In our modern days, insertional mutagen-
esis allows to much more easily pinpointing introduced genetic
defects and even selectively knockout specific genes. Moreover,
the genomes of an increasing number of photosynthetic organ-
isms are known, and powerful technologies facilitate the analysis
of gene expression and other metabolism. All this has revitalized
photorespiration research and led to exciting discoveries about
the evolution, functioning and metabolic integration of this
important pathway.

ORAL PRESENTATIONS

6.4.
Toward the functions of plant mitochondrial
proteases using a reverse genetic approach
Hanna Jańska
Laboratory of Cell Molecular  Biology, Department of
Biotechnology, University of Wroclaw, Przybyszewskiego 63/77,
51-147, Wroclaw, Poland, janska@ibmb.uni.wroc.pl 

To understand function of mitochondrial proteases during
Arabidopsis growth, development and in response to environ-
mental stimuli we are using a reverse genetic approach. Mutants
with a T-DNA insertion in genes of our interest and mutants gen-
erated by RNA interference (RNAi) procedure have been analyzed.
Except for mutation in AtFtsH4, mutations in other genes encod-
ing mitochondrial proteases failed to cause discernible alter-
ations in plant morphology. The lack of easily detectable mor-
phological abnormalities results from functional redundancy or
other compensatory mechanisms. Functional redundancy was
observed between two closely related ATP-dependent  metallo-
proteases, AtFtsH3 and AtFtsH10. Plants which are defective in
AtFtsH3 have a higher level of the AtFtsH10 protein compared
with wild type plants. The accumulation of the AtFtsH10 protein
is not due to a higher level of respective transcripts but it is asso-
ciated with altered translational activity of these transcripts. We
found that a loss of AtFtsH4, did not significantly affect
Arabidopsis growth in long day conditions, however, severe mor-
phological and developmental abnormalities occurred under
short day photoperiod as well as after prolonged exposure to
moderately high temperature of 30°C. We postulate that the
increased level of the molecular chaperones in ftsh4 compensates
for the deficiency of AtFtsH4, however, this compensation is fully
efficient only in long day conditions. Under short photoperiod
and prolonged exposure to moderately high temperature ftsh4
mutants exhibit informative phenotypes which are  investigating
in aim to understand the function of the AtFtsH4 protease. Our
data indicate that the lack of AtFtsH4 results in an impairment of
organelle development and Arabidopsis leaf morphology under
short-day conditions, in which the vegetative phase is extended.
We postulate that at least some of these changes are associated
with  accumulation of oxidized proteins (Gibała et al., 2009)

REFERENCES:
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6.5.
Global analysis of root hair morphogenesis
transcriptome using wild type/root hair mutant
system in barley
Miroslaw Kwasniewski, Iwona Szarejko
Department of Genetics, University of Silesia, Jagiellonska 28, 
40-032 Katowice, Poland; kwasniew@us.edu.pl, szarejko@us.edu.pl

Root hairs are specialized epidermal cells that play an important
role in plant nutrition. They are also an important model in stud-
ies of higher plant cell differentiation. Root hairs are not required
for plant survival, thus, a range of mutants with abnormal root
hair phenotypes can be created to investigate molecular mecha-
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nisms of root hair development. Large collections of Arabidopsis
thaliana root hair mutants made possible the identification of
approximately 50 loci responsible for root hair formation. In
recent years, most of these genes have been cloned and charac-
terized. Contrary to Arabidopsis, there is very little information
available on the genetic and molecular basis of root hair forma-
tion in monocots, including major cereals. The main limitation is
the unavailability of analogous mutant collections. The collection
of monogenic root hair mutants developed in our Department
made it possible to initiate studies on genetic and molecular char-
acterization of root hair morphogenesis in barley. 

Our previous analysis with the use of high stringency tran-
scriptome differentiation method (cDNA RDA) resulted in the dis-
covery of HvEXPB1, a gene critical for root hair initiation in bar-
ley. In order to find new candidate genes involved in the root hair
formation we continued characterization of the root hair forma-
tion transcriptome using Affymetrix GeneChip Barley1 Genome
Array. Global root hair transcriptome differentiation carried out
in the system of the root-hairless mutant rhl1.a/wild-type parent
variety 'Karat' revealed 10 genes potentially involved in the first
step of root hair formation in barley. Differential expression of
these genes was confirmed by qRT-PCR analysis. Almost all iden-
tified genes were associated with membranes and cell wall. One
gene encodes xyloglucan endotransglycosylases, three genes
encode peroxidase enzymes and the five others encode proteins
belonging to arabinogalactan proteins, extensins, leucine-rich-
repeat proteins, phosphatidylinositol phosphatidylcholine trans-
fer proteins and a RhoGTPase GDP dissociation inhibitors. The
function of one gene is unknown. The expression profile of the
identified genes was highly reduced in the root-hairless mutant
rhl1.a compared to the parent variety, however all 10 genes
showed the same transcription level in the mutant rhp1.b char-
acterized by root hairs blocked at the primordium stage and the
wild-type varieties. This fact clearly indicates that the identified
genes are involved in the initiation of root hair morphogenesis in
barley.

6.6.
How organ boundaries are formed: a case 
of cuc2 cuc3 mutant of Arabidopsis thaliana
Agata Burian1, Agnieszka Biduś2, Dorota Kwiatkowska3

Department of Biophysics and Morphogenesis of Plants, 
University of Silesia, Jagiellonska 28, 40-032 Katowice, Poland, 
agata.burian@us.edu.pl, aga_bidus@yahoo.com,
dorota.kwiatkowska@us.edu.pl

Plants produce new organs throughout their lifetime. The forma-
tion of organs involves generation of boundaries, separating the
primodium from the shoot apical meristem (SAM) or separating
adjacent primordia. Boundary regions are unique in their geom-
etry, growth, and expression of genes like CUP-SHAPED
COTYLEDON (CUC) in Arabidopsis (Aida and Tasaka, 2006).
Double mutations in CUC genes result in organ fusions, e.g.
cotyledon fusion, leaf/stem or pedicel/stem fusion (Hibara et al.,
2006). 

We investigate how the fusions between pedicels and the inflo-
rescence stems are formed in cuc2 cuc3 double mutant. We quan-
tify geometry and growth anisotropy (Dumais and Kwiatkowska,
2002) of the SAM surface as well as of the surface of the young
pedicel and stem. Since the CUC expression is not only in the pro-
todermis (and later epidermis) but also in the underlying cells at
the boundary we analyze the cellular pattern in longitudinal sec-
tions of the inflorescence. Surprisingly, the effect of mutation in
the shoot apex is rather subtle. The main difference between the

mutant and wild type apices is in that the formation of the bound-
ary between the SAM and the flower primodium is delayed by
about one plastochron. Nevertheless, the geometry of boundaries
in the mutant is very similar to that of the wild type. The differ-
ences become apparent during later developmental stages. In the
wild type both growth and cell divisions of epidermis at the node
are slowed down. Growth anisotropy and division planes in the
mutant are different so that the typical nodes and internodes do
not develop. There are also differences in the inner cellular pat-
tern, in particular in parenchyma cell sizes and shapes. 
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6.7.
Arabidopsis lysophospholipid acyltransferase
catalyses the transfer of acyl groups from
phosphatidylcholine to CoA
Antoni Banas1, Magdalena Miklaszewska1, 
Walentyna Banas2, Ulf Stahl3, Sten Stymne3

1Intercollegiate Faculty of Biotechnology of University of Gdańsk 
and Medical University of Gdańsk, Kladki 24, 80-822 Gdańsk, 
Poland, miklaszewska@biotech.ug.gda.pl

2Institute of Biology, University of Podlasie, Prusa 12, 
08-110 Siedlce, Poland

3Department of Plant Breeding, SLU, PO Box 44, S-230 53 Alnarp, 
Sweden

Lysophospholipid acyltransferases (LPLATs) are ubiquitous
enzymes, which catalyse the transfer of the acyl group from acyl-
CoA to lysophospholipids (in the forward reaction), producing
different types of phospholipids. In addition to their role in the
syntheses of phospholipids, it was proposed that LPLATs (espe-
cially LPCAT – lysophosphatidylcholine acyltransferase) have a
significant role in exchanging fatty acids between phospholipids
and acyl-CoA pool (i.e. catalysing also the backward reaction).
However, there was no hard experimental evidence for this pro-
posed role of LPLATs.  In the presented study, we provide such
evidence for one of the Arabidopsis LPLATs encoded by
At1g63050 gene.

Yeast (BY4742 strain) with disrupted YOR175c gene (encod-
ing yeast lysophospholipid acyltransferase, which accounts for
most of the LPCAT activity found in yeast cells) were transformed
with At1g63050 gene (Arabidopsis gene encoding enzyme with
LPLAT activity) or with pYES2 (the empty plasmid). Microsomes
prepared from transformed yeast cells were used for in vitro
assays.

In assays with 18:1-LPC and [14C]18:1-CoA Arabidopsis
LPLAT very efficiently synthesised phosphatidylcholine (about
1,4 μmol [14C]PC/min/mg microsomal protein). In the presence
of only [14C]18:1-CoA the synthesis of PC was not detected. The
addition of BSA and CoA to the reaction mixture stimulated the
production of [14C]PC (the backward reaction). Presence of
DTNB (binds CoA) in the reaction mixture strongly inhibited the
backward reaction but had no significant effect on the forward
reaction.  

To verify that observed de novo synthesis of PC from added
[14C]18:1-CoA occurred via exchange of fatty acids between acyl-
CoA pool and PC, microsomal preparations were incubated with
sn-2-[14C]18:2-PC, BSA, CoA and 18:1-CoA (non-radioactive) at
optimal concentrations. During the incubation time [14C]18:2 in
acyl-CoA pool was gradually increasing and in the same time sim-
ilar amount of [14C]18:2 disappeared  from added PC, whereas
no re-distribution of radioactivity occurred in control incubations
(the empty plasmid). The obtained results confirm that LPLAT
can operate in both forward and reversible mode and thus can
participate in exchanging fatty acids between phosphatidylcholine
and acyl CoA pool.

6.8.
From genetic analysis to identification genes
responsible for root hair formation in barley
Beata Chmielewska, Iwona Szarejko
University of Silesia, Faculty of Biology and Environmental
Protection, Department of Genetics, Jagiellonska 28, 
40-032 Katowice, Poland, beata.chmielewska@us.edu.pl, 
iwona.szarejko@us.edu.pl

Root hairs are the tubular outgrowths of epidermal cells called
trichoblasts. They are responsible for anchoring plants in soil,
the uptake of water and nutrients. They are also sites of interac-
tion between the plant and symbiotic bacteria. The unique collec-
tion of root hair mutants developed in the Department of Genetics
University of Silesia made it possible to initiate studies on genet-
ic and molecular basis of root hair development in barley. The
material for the presented studies were 18 root hair mutants rep-
resenting different stages of root hair development, obtained by
chemical mutagenic treatment of spring barley varieties: 'Dema',
'Rudzik', 'Karat', 'Diva' and 'Optic'. Studies have proved that each
mutant was monogenic and recessive. Allelism test revealed that
one locus (rhl) was responsible for root hair initiation, one locus
(rhp) for transition to tip growth, four loci (rhs) were responsible
for root hair elongation and 3 loci (rhi) for localization of root
hairs. Genetic relationships between genes responsible for differ-
ent stages of the root hair formation were revealed. Using SSR
and AFLP markers the chromosomal position of two genes con-
trolling root hair development was established. The gene respon-
sible for tip growth was mapped on the chromosome 6H, and the
gene for localization of root hairs was mapped on chromosome
1H. Using reverse genetic approach the identification of new
genes responsible for root hair development in barley have been
undertaken. On the basis of a bioinformatics analysis, the genes
of Arabidopsis thaliana, maize and rice, controlling different
stages of root hair development were selected to search for barley
EST sequences, which can be used for isolation and characteri-
zation the homologous barley genes. 

6.9.
Abiotic stress response of Arabidopsis
thaliana mutants displaying suppression 
of hypersensitivity to ABA
Agata Daszkowska1, Mirosław Małuszyński1, 
Iwona Szarejko1, Zofia Kulińska-Szweykowska2, 
Artur Jarmołowski2
1Department of Genetics, Faculty of Biology and Environmental 
Protection, University of Silesia, Jagiellońska 28, 
40-032 Katowice, Poland, agata.daszkowska@us.edu.pl, 
miroslaw.maluszynski@us.edu.pl, iwona.szarejko@us.edu.pl,

2Department of Gene Expression, Faculty of Biology, 
Adam Mickiewicz University, Umultowska 89, 61-614 Poznan, 
Poland, zofszway@main.amu.edu.pl, artjarmo@amu.edu.pl    

After chemical mutagenesis of abh1 (ABA hypersensitive 1)
insertion line, mutants that suppress abh1 hypersensitive pheno-
type during seed germination on medium containing 0,4 μM ABA
were obtained. Three lines A18, A21 and A36 were chosen for fur-
ther analysis. The aim of the presented study was to investigate
mutants response to selected abiotic stresses: drought and salt.
Parental line, abh1, is drought tolerant, therefore water stress
assay was performed. After 26 days of drought treatment,
mutants and abh1 displayed slightly wilty phenotype while
Columbia (Col-0) did not survived. During next three days of
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assay plants were rewatered. Mutants and abh1 recovered nor-
mal phenotype while Col-0 did not. RWC (Relative Water Content)
in leaves and WL (water loss) in leaves were calculated. The assay
revealed that mutants and abh1 showed higher rate of RWC than
Col-0. Water loss rate value for Col-0 was much higher after 200
minutes than for mutants and abh1. The stomatal density and
distribution was studied to explain the different rates of WL and
RWC. It was shown that mutants displayed changed stomatal dis-
tribution and density when compared to Col-0 and abh1. A36
mutant has similar stomata pattern to sdd1 (stomatal density
and distribution 1). Because of strong link between response to
drought and high salinity stress, salt tolerance was investigated in
mutants and parental lines. Seed germination on medium con-
taining different doses of NaCl was estimated. It was shown that
low concentration of NaCl did not cause any changes in seed ger-
mination. The most tolerant to salt stress proved to be A18
mutant, able to germinate on medium containing the highest con-
centration of NaCl (200 mM) We believe that the presented
approach combined with molecular analyses can shed a light on
ABA and stress signaling pathway in Arabidopsis.

6.10.
How the ploidy level affects size and growth
rates of leaf epidermal cells in triple cyclin D3
mutant of Arabidopsis thaliana?
Joanna Elsner1, Dorota Kwiatkowska2

Department of Biophysics and Morphogenesis of Plants, 
University of Silesia, Jagiellonska 28, 40-032 Katowice, Poland,
joanna.elsner@us.edu.pl, dorota.kwiatkowska@us.edu.pl

Cyclins D3 (CYCD3) are involved in the regulation of mitotic cycle
and endoreduplication. Therefore, cycD3 mutants provide a valu-
able material to study the relationships between cell size, growth
rate and ploidy level. Moreover, a putative compensation of
defects in cell proliferation by an increased cell expansion can be
investigated. 

We study the epidermis of young leaves of Arabidopsis triple
cycD3 mutant. We use the sequential replica method coupled
with epi-fluorescence microscopy and quantify size, growth and
division rates, as well as the nucleus size for individual cells. An
index combining the surface area of a cell and the waviness of its
anticlinal walls is used to estimate a degree of the cell differenti-
ation. As published by DeWitte and collaborators (2007) the aver-
age epidermal cell surface areas are bigger in mutant than in wild
type, and the average ploidy level of all the leaf cells in the mutant
is higher. We confirm these observations and show further that in
general, in case of so-called puzzle epidermal cells the bigger cell
surface area is related to the bigger surface area of its nucleus
(measured in the optical paradermal section). In the mutant the
areal growth rates of puzzle cells do not seem to be affected by the
ploidy level. The same is true for the wild type. However, there is
a tendency that areal growth rates in the mutant are higher than
in wild type. The analysis of cell lineages and degree of differenti-
ation in individual cells shows that also the meristemoid function
is affected by the cycD3 mutations.
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6.11.
Identification of genes involved in somatic
embryogenesis induction in Arabidopsis
with the use of cDNA RDA method and tan1
mutant 
Marta Gliwicka, Małgorzata D. Gaj
Department of Genetics, University of Silesia, Jagiellońska 28, 
40-032 Katowice, Poland, gliwicka@us.edu.pl,
malgorzata.gaj@us.edu.pl 

Somatic embryogenesis is a process in which a bipolar structure
resembling a zygotic embryo is formed from somatic plant cells.
Although this phenomenon is of great practical value for plant
micropropagation and genetic transformation, little is known
about its molecular and genetic determination. In the presented
studies we used cDNA RDA method to identify genes involved in
somatic embryogenesis (SE) process. The process was induced
under in vitro culture of immature zygotic embryo explants of
Arabidopsis on auxin medium. To identify genes differentially
expressed during SE two genotypes were applied – the control
ecotype (Col-0) of high capacity for SE and tanmei/emb2757
mutant, disabled in production of somatic embryos. The tran-
scriptoms of analysed genotypes in cultures upon 2–8 days of SE
induction were compared. Following cDNA RDA procedure
including three rounds of substractive hybridization, three differ-
entially expressed genes were identify: At1g04660, At3g27660,
At5g44120. At1g04660 encodes a glycine-rich protein, which
function is still unknown, while At3g27660 and At5g44120 are
responsible for synthesis of OLEO4 and CRA1 proteins, respec-
tively. Both proteins are involved in the maturation phase of
zygotic embryogenesis. The Real-Time qPCR technique was used
to verify significant difference in expression level of the identified
genes in Col-0 than in tanmei/emb2757 culture. Additionally, the
identified genes were found to be highly activated in embryogenic
Col-0 cultures but not in callus tissue of this genotype. Moreover,
the knock-out mutants in OLEO4 and CRA1 genes show signifi-
cantly reduced embryogenic capacity. All three identified genes
are specifically expressed during zygotic embryogenesis
(www.bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi) and their precise
function in SE needs further experiments. 

6.12.
Mutation in a C-terminal strand of the large
subunit enhances specificity factor for rubisco
from Thermosynechococcus elongatus
Beata Gubernator, Andrzej Szczepaniak
Department of Biophysics, Faculty of Biotechnology, University of
Wroclaw, Przybyszewskiego 63/77, 51-148 Wrocław, Poland,
beata.gubernator@ibmb.uni.wroc.pl,
andrzej.szczepaniak@ibmb.uni.wroc.pl

Ribulose-1,5-bisphosphate carboxylase/oxygenase (rubisco, EC
4.1.1.39) is the key enzyme in photosynthesis. In cyanobacteria,
green algae and plants, rubisco exists as a holoenzyme composed
of eight large (RbcL) and eight small (RbcS) subunits (L8S8 com-
plex). Rubisco catalyzes the addition of CO2 to ribulose-1,5-bis-
phosphate (RuBP). Rubisco also catalyzes an additional reaction
involving molecular oxygen (O2) in the oxygenation of RuBP and,
therefore, it is also a key enzyme for the photorespiration pathway.

The preference of the enzyme for CO2 versus O2 is represent-
ed by specificity factor (SF). This factor is a constant that char-
acterizes the ability of the enzyme to distribute RuBP between the

4th Conference of Polish Society of Experimental Plant Biology • Experimental Plant Biology. Why not?! 

90 ACTA BIOLOGICA CRACOVIENSIA Series Botanica

SESSION 6



two reactions in terms of the concentrations of the gaseous sub-
strates (CO2 and O2). The values of SF vary considerably among
species. A high SF value means more efficient photosynthesis in
an oxygenic atmosphere.

Recently we have found that the rubisco from the termophilic
cyanobacterium Thermosynechococcus elongatus has an almost
2-fold higher SF compared with the rubisco of mesophilic
cyanobacteria, reaching the value of higher plants. It seems pos-
sible to connect the enhanced specificity with differences in the
primary structure of the mesophilic and thermophilic enzyme.

Comparison of the sequence of rubisco from all species
where SF is known has revealed the C-terminal strand (mobile
segment; residue number > 460) of the RbcL subunit as a hot-
spot for specificity-enhancing mutations. SeqCat algoritm based
on the "time-window" hypothesis – which describes a mechanism
which produces enhanced specificity – pointed aminoacid substi-
tutions in the sequence of the RbcL of rubisco which could
enhance enzyme specificity. One of those substitution for RbcL
from T. elongatus is E470P mutation.

In this study the expression plasmid pUC18rbcLPXST.el. con-
taining genes for: mutated RbcL subunit (E470P), RbcS subunit
and the X protein from T. elongatus was constructed. The
recombinant enzyme was expressed in Escherichia coli cells, the
protein was purified and SF was measured. The SF value for
mutated rubisco was 95.83 ± 2.56 compare to the wild type of
83.97 ± 1.91. The results presented here are the first experi-
mental data confirming the "time-window" hypothesis. However to
verify hypothesis completely, successive RbcL C-terminal
mutants will be overexpressed and characterized in our group.

6.13.
Molecular mapping of genes responsible for
root architecture in barley
Justyna Guzy-Wrobelska, Malgorzata Nawrot, Danuta
Nabialkowska, Agnieszka Janiak, Kornelia Adamska,
Agnieszka Kulon, Izabela Matyszczak, Miroslaw
Maluszynski, Iwona Szarejko
Department of Genetics, University of Silesia, Jagiellonska 28, 
40-032 Katowice, Poland, justyna.guzy-wrobelska@us.edu.pl, 
malgorzata.nawrot@us.edu.pl, danuta.nabialkowska@us.edu.pl,
agnieszka.janiak@us.edu.pl, miroslaw.maluszynski@us.edu.pl,
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Barley (Hordeum vulgare L.) is one of the most important crop
species in the world, and also quite extensively exploited in
research, for the identification of genes responsible for resistance
to different diseases, yield or malting quality characters. However
not much has been done to identify and isolate qualitative and
quantitative trait loci (QTL) responsible for root architecture in
barley. According to the data previously published, genes respon-
sible for semidwarfness often express a pleiotropic effect on the
length of barley root system. Our previous studies on the root
length using semidwarf barley mutants indicated that the length
of root and shoot mutated independently, and dwarf recombi-
nants with long roots were obtained.  We report on progress in
molecular mapping of qualitative and quantitative trait loci
underlying the root architecture and root hair morphology in a
semidwarf mutant line 225DV from 'Diva' cultivar. In an attempt
to map the genes of interest, doubled haploid populations were
developed from F1 of the crosses 225DV × 'Steptoe' (225DVS)
and 225DV × 'Morex' (225DVM). The mapping procedure includ-
ed several steps starting from the construction of a consensus
molecular map using SSR markers together with AFLP and SNP
markers. The analysis of root architecture and root hair mor-

phology was performed in two week old plants after their growth
in plexiglass tubes filled with the vermiculite. In the analysis of
the root system, the following traits were measured with the use
of the winRhizo program: the length of seminal and lateral roots,
root surface area, root volume and root diameter. The Axiovision
LE program was applied to estimate the root hair morphology. A
final mapping analysis was performed using the MapQTL pro-
gram, and combined the phenotypic data set with the molecular
mapping information. In future, fine mapping of loci responsible
for the root architecture might enable the isolation and transfer
of desirable alleles into barley germplasm, and the construction
of a new plant type with semidwarf shoot and long, fast penetrat-
ing roots, especially important for plants grown under drought
and poor nutrient uptake stresses.

6.14.
Changes in phenylpropanoid metabolism 
in the leaves and roots of cucumber wild-type
and MSC16 mutant subjected to chilling or
phosphate deficiency 
Izabela M. Juszczuk and Tomasz Poławski
Department of Plant Bioenergetics, Institute of Experimental Plant
Biology, Faculty of Biology, University of Warsaw, Miecznikowa 1,
02-096 Warsaw, Poland, izabelaj@biol.uw.edu.pl,  
tomasz.polawski@gmail.com

In the tissues of cucumber (Cucumis sativus L.) MSC16 mutant
the concentrations and antioxidant capacity of phenylpropanoids,
the activities of peroxidases (POX) and polyphenol oxidases (PPO)
were initially higher than in WT plants and did not significantly
change during chilling and/or phosphate (Pi) deficiency. However,
stress conditions changed the level and metabolism of phenyl-
propanoid compounds in the leaves and roots of cucumber wild-
type (WT) plants. Total phenolics, free or cell wall-bound pheno-
lic compounds and flavonoid concentrations were always higher
in the tissues of WT plants subjected to low temperatures and Pi
starvation. Higher antioxidant capacity (as measured by ABTS•+

test), higher activity of POX and leaf PPO were also observed in
WT plants grown under stress conditions. The activity of the only
one enzyme of phenylpropanoid metabolism, L-phenylalanine
ammonia lyase (PAL), was almost doubled, similarly in WT and
MSC16 plants as a respond to low temperature. 

The mitochondrial genome rearrangements in MSC16 plants
resulted in modifications of phenylpropanoid metabolism similar
to those observed following abiotic stress conditions (chilling
and/or Pi deficiency) in WT plants. Mitochondrial mutation in
cucumber plants affects the overall antioxidant defense system and
respiratory metabolism to the same extent as low temperature
stress (Szal et al., 2009). Mitochondria functioning directly coordi-
nate the redox, energy status and reactive oxygen species turnover
in the plant cell via the signals transmitted to the nucleus in mito-
chondrial retrograde regulation (Rhoads and Subbaiah, 2007), but
indirectly might also modify phenylpropanoid metabolism. Similar
changes in the level of phenolic compounds in cucumber caused by
mitochondrial genome rearrangement and abiotic stresses indicate
that variety of environmental and/or developmental cues might
induce a common physiological symptoms of plant acclimation.
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6.15.
Phosphatidylglycerol: an important 
phospholipid for the maintenance of thylakoid
structure and function during cold acclimation
of Arabidopsis thaliana
M. Krol1, A.G. Ivanov1, E. Selstam2, L. Quigley1, V. Hurry2,
R. Gardiner1, G. Öquist2, N.P.N. Huner1

1Department of Biology and the Biotron, University of Western 
Ontario, London, ON, Canada, N6A 5B7

2Umeå Plant Science Center, University of Umeå, Umeå, Sweden

Phosphatidylglycerol (PG) biogenesis, specific occurrence and
high abundance in thylakoid membranes designate its important
role in chloroplast development and the integrity of the photo-
synthetic apparatus. In this study, PG deficient mutant (pgp1)
created by mutation of the phosphatidylglycerolphosphate syn-
thase isoform encoded by a gene on chromosome 2 was used for
assessing the role of PG in formation and functioning of the pho-
tosynthetic apparatus during cold acclimation of Arabidopsis
plants. In contrast to wild type (WT) Arabidopsis plants, a dis-
tinct yellow-white phenotype was produced during cold acclima-
tion of pgp1 mutant, which was not present under optimal growth
temperature of 20°C. This was accompanied by a drastic reduc-
tion of total chlorophyll content and a sharp increase of Chl a/b
ratio (about 5), thus suggesting lower amount of LHCII proteins
in cold acclimated pgp1 mutant. Indeed, immunoblot analysis
indicated much lower abundance of Lhcb1 and Lhcb2 polypep-
tides under the same conditions. Transmission electron
microscopy revealed a reduced number of thylakoids per grana
stack in pgp1 mutant grown at 20°C compared to WT, while the
number of stromal thylakoids remained the same. In the cold
acclimated pgp1 mutant, the formation of grana stacks was com-
pletely inhibited and the number of stromal thylakoids per
chloroplast was significantly reduced compared to WT.
Concomitant with this, low temperature (77K) chlorophyll fluo-
rescence measurements demonstrated significant redistribution
of excitation light energy in favor to PSI in pgp1 mutant regard-
less of the growth conditions. 

6.16.
FISH in analysis of gamma ray-induced 
aberrations in Hordeum vulgare cells 
Jolanta Kwasniewska, Lidia Brodziak, Jolanta Maluszyńska
Department of Plant Anatomy and Cytology, University of Silesia,
Jagiellonska 28, 40-032 Katowice, Poland,
jolanta.juchimiuk@us.edu.pl, jolanta.maluszynska@us.edu.pl 

Fluorescent in situ hybridization (FISH) is not widely applied in
plant mutagenesis for the detection and precise localization of
chromosome aberrations, as DNA probes required for chromo-
somes of particular plant species are limited. In contrast, the
combination of multiple DNA probes labeled with different fluo-
rochromes makes FISH a powerful tool in human radiation cyto-
genetics. Chromosomal aberrations can be as well detected with
classical cytogenetic methods, however FISH provide new tool for
their analysis. Unquestionable advantage of FISH technique is the
detection of small chromosome rearrangements, as well as their
detailed characterization in dividing cells. Additionally, FISH with
specific DNA probes can improve existing micronucleus test pro-
viding information on the mechanisms underlying the formation
of chromosome aberrations. 

In present study fluorescent in situ hybridization (FISH)
using telomere/centromere and rDNA probes was used in detailed

analysis of the cytogenetic effects of gamma ray in root tip meris-
tem cells of Hordeum vulgare (2n=14). The micronucleus test
(MN) combined with FISH allowed quantitative analysis of the
involvement of chromosome fragments in micronuclei formation
and thus enabled explanation the origin of gamma ray-induced
aberrations. 

The most frequently gamma ray has caused terminal dele-
tions, as micronuclei with signals of telomeric DNA were the most
often observed. No micronuclei with centromere specific signal
were observed. Thanks to specific localization of rDNA loci on
barley chromosomes the results of FISH with rDNA as probes
specified the size of telomeric fragments. The chromosome
breaks in barley occurred in heterochromatin regions near the
centromere. Additionally it has been showed that 5S rDNA bear-
ing chromosomes were more often involved in formation of chro-
mosome aberrations than chromosomes with 25S rDNA loci. 

As the quantification of micronuclei in plant cells is not very
popular, presented results proved that FISH with centromere/
telomere-specific and rDNA probes can be promising technique in
the evaluation of the origin of chromosome aberrations. 

6.17.
The effects of phosphorus deficit on growth
and metabolism of Arabidopsis hormonal
mutants 
Edyta Łukaszuk, Bożena A. Budlewska, Iwona Ciereszko
Department of Plant Physiology, University of Białystok, 
Świerkowa 20b, 15-950 Białystok, Poland, 
edytaluk@uwb.edu.pl, icier@uwb.edu.pl

Arabidopsis thaliana mutants are great tools to investigate
almost all physiological and biochemical processes (Gazzarrini
and McCourt, 2003). In this work we used hormonal mutants as
a model system to characterize the physiological basis by which
phosphorus availability regulates plant growth. Plant responses
to hormones and nutrient deficit are often unique, depending on
the system, stage of development or the specific tissue involved
(Gibson, 2004). Phosphorus is an essential nutrient for plant
growth and metabolism but in many soils, phosphorus is the
major limiting nutrient for agriculture (Lopez-Bucio et al., 2002).
The influence of inorganic phosphate (Pi) deficit on growth and
development of different A. thaliana mutants was studied.
Mutants with changed hormonal metabolism:  aba2–3 (abscisic
acid deficit), abi4–101 (insensitive to abscisic acid), aux1–7
(insensitive to auxin and ethylene), eto1–1 (with overproduction
of ethylene) and etr1–1 (insensitive to ethylene) were cultured for
2–4 weeks on medium without Pi. Generally, phosphate starva-
tion decreased Pi content in tissues and reduced plant growth,
like fresh mass of rosette leaves or roots. Plants cultured without
Pi had longer roots than control (for about 30%), but eto1–1 had
shorter roots. Mutants abi4–101, aux1–7, etr1–1 had reduced
level of Pi compared to wild type plants, even during culture on
full nutrient medium. Pi deficiency decreased level  of chlorophyll
and carotenoids in leaves of studied plants. Phosphate limitation
decreased soluble carbohydrates content in leaves but starch con-
tent increased both in wild type and mutants of A. thaliana. Pi
deficiency reduced proline content in leaves of wild type,
abi4–101, aux1–7, eto1–1, had no influence on proline level in
aba2–3, but in leaves of etr1–1 mutant increased content of pro-
line compared to control. These results indicated that phospho-
rus availability and changes in hormones biosynthesis (sensitivi-
ty to) have significant influence on growth of A. thaliana and
metabolite content in tissues at the early stages of  low-Pi stress. 

We wish to thank TAIR for kindly providing us with seeds of mutants.
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6.18.
Altered growth as the effect of changed
ROS/antioxidants equilibrium in the apoplast
of cucumber mitochondrial mutant
Katarzyna Łukawska, Anna Podgórska, Anna M. Rychter
Institute of Experimental Plant Biology, University of Warsaw,
Miecznikowa 1, 02-096 Warsaw, Poland, kasia@biol.uw.edu.pl,
arychter@biol.uw.edu.pl 

Reactive oxygen species (ROS) are generally regarded as harmful
products of oxygenic metabolism causing oxidative stress and cell
damage. However, it is now accepted that ROS such as H2O2 can
also serve as the regulators of the redox state of the cell allowing
controlled oxidation of cell components. ROS production initiat-
ed by the plasma membrane NAD(P)H oxidase can be used for
controlled polymer breakdown leading to cell wall loosening dur-
ing extension growth. In recent years it has become clear that
redox signals are also integral to the transduction sequences by
which changes in the environment modify metabolism and gene
transcription. ROS perception, signaling and ROS-mediated pro-
tein modifications are controlled and modulated by array of the
antioxidants. Here we propose, that mitochondrial genome muta-
tion influences ROS/antioxidants metabolism and the signal orig-
inating from the dysfunctional mitochondria is transmitted to the
nucleus by H2O2,  formed as a result of increased superoxide pro-
duction by the respiratory chain (Szal et al., 2009). Altered
growth and development of MSC16 cucumber mutant may result
from disturbed ROS/antioxidants equilibrium, mainly in the
apoplast. The concentration of H2O2 in leaf extracts of MSC16
plants was by about 45% lower than in the extracts from the WT.
Cytochemical localization of H2O2 in leaf cells showed that in the
WT H2O2 was present mostly in the apoplast whereas very little of
it was localized in the apoplast of MSC16 leaf cells. The activity of
plasma membrane NAD(P)H oxidase was about 30% lower in the
plasmalemma vesicles isolated from MSC16 leaf tissue as com-
pared to WT. About 3% of the ascorbate content of the whole leaf
ascorbate was localized in the apoplast but in the MSC16 it was
considerably more reduced. We conclude that lower content of
apoplastic ROS caused by decreased activity of plasma mem-
brane NAD(P)H oxidase and elevated ascorbate pool may result in
altered growth and development of MSC16 cucumber mutant.
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6.19.
The research on autonomous endosperm
development in Arabidopsis thaliana cultured
in vitro
Joanna Rojek, Małgorzata Kapusta, Jerzy Bohdanowicz
University of Gdańsk, Department of Plant Cytology and
Embryology, Kładki 24, 80-822 Gdańsk, Poland,
rojek@biotech.ug.gda.pl, mkapusta@biotech.ug.gda.pl,
jurboh@biotech.ug.gda.pl 

Autonomous endosperm (AE) is a very rare phenomenon in nat-
ural sexual plant but exist commonly in apomicts. In fis mutant
seeds in situ AE is partly developed and overproliferated; only
combination: fie mutation and hypomethylation let to full
endosperm development. The main issue of our research was to
induce and investigate the development of endosperm arose in
the absence of fertilization. We cultured in vitro unpollinated
ovaries of wild-type (Col-0) and mutants (fie and hypomethylated
met1 mutants) of Arabidopsis.

The embryological and molecular analysis showed that: (1)
Induction of AE development occurred in all of genotypes, on
the all media used and in the all repeats; (2) The average fre-
quency of AE was a quite high (35% ovaries and 4% ovules) as
AE is a very rare phenomenon; (3) The genotype but not the
kind of medium used was essential importance; (4) AE nuclei
originated from  the secondary nucleus as indicated by their
nuclear size and structure; (5) in vitro, AE development is
delayed in comparison with normal developmental pattern in
vivo; (6) Multinuclear AE represented several developmental
patterns, but no regular cellularization was noted. Although
some symptoms prior to cellularization were observed: region-
al specification, AE nuclei surrounded by RMS and arranged
the nuclear network, AE-like tissue in some cases; (7) A very
high frequency and advanced developmental stages of AE in
met1/met1 genotype is probably the effect of concentration of
hypomethylation caused by both mutation and in vitro condi-
tion; (8) In unpollinated ovules of FIE/fie mutants cultured in
vitro AE development progressed far compared with in situ.
Thus, hypomethylation caused in vitro may be promote more
advanced AE development than in hypomethylated fie mutants
in situ; (9) AE induction in genotypes without mutation may be
the effect of general stress in vitro, involves changes in DNA
methylation (e.g. in FIE and other genes required for correct fer-
tilization and seed formation). To sum up, if AE induced in vitro
occurred (a) in mutationless genotypes of Arabidopsis and
changes in DNA methylation influence genes expression, (b) in
hypomethylated met1 mutants, (c) in fie mutants in vitro, in
which AE represented more advanced developmental stages
than in situ, there is (more than) likely that changes in one or
some genes are the issue of AE phenomenon. Additionally, the
occurrence of AE in situ show, that natural ability to AE induc-
tion is unique to some species.
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6.20.
Glucosinolate profiling in CORI-2 T-DNA 
insertion mutants of Arabidopsis thaliana
Izabela Ruduś1, Ewa Kępczyńska1, Markus Piotrowski2
1Department of Plant Physiology and Biotechnology, 
University of Szczecin, Wąska 13, 71-415 Szczecin, Poland, 
izabela.rudus@univ.szczecin.pl; ekepcz@univ.szczecin.pl

2Department of Plant Physiology, Ruhr University Bochum, 
Universitätsstraße 150, 44801 Bochum, Germany,
Markus.Piotrowski@rub.de

CORI-2 (CORI = coronatine induced) is one of octadecanoid-
inducible genes expressed in coronatine-treated plants of
Arabidopsis thaliana which in TAIR database has been assigned
as At4g04840 and annotated as a putative methionine sulfoxide
reductase (MSR). Based on the classification proposed by
Rouhier et al. (2006), the CORI-2 gene encodes the AtMSRB6 pro-
tein. In different biological systems, enzymes performing MSR B
activity are responsible for the reduction of one of stereoisomer-
ic forms of methionine sulfoxide (Met-(R)-SO) back to methion-
ine. Data available from higher plants reveal that MSRs fulfill an
essential physiological role in protein repair and in protection
against oxidative damage although some evidence may suggest
other functions of these enzymes.

Glucosinolate (GS) profiles were assessed in seeds and leaves
of A. thaliana, ecotype Wassilewskija, comparing knock-out

CORI-2 homozygous lines with wild type lines. The separation
and quantification of different GSs was conducted according to
Piotrowski et al. (2004) with glucotropaeolin as an internal stan-
dard. Two main classes of desulfoglucosinolates were detected –
indolic and aliphatic, the latter appearing as oxidized or reduced
forms. The concentration of oxidized aliphatic GSs was several
times higher than that of reduced forms in leaves. The opposite
was detected in seeds in which the reduced forms predominated.
There was no difference in non-aliphatic GS contents between
wild-type and mutant seeds. Also the levels of oxidized and
reduced short-chain aliphatic GS were not altered by the muta-
tion in CORI-2 gene. However, significantly higher content of long
chain oxidized aliphatic GSs (7MSOH, 8MSOO) accompanied by
lower levels of their reduced counterparts (7MTH, 8MTO) in
homozygous mutants in comparison with wild type were detect-
ed. These results may indicate the involvement of CORI-2 gene in
secondary modifications during GS biosynthesis.
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7.1.
Functional characterization of new P450s
involved in plant furanocoumarins
biosynthesis, and possible applications
in a metabolic engineering approach
R. Larbat1, A. Hehn1, S. Kellner2, S. Doerper1, A. Olry1,
J. Hans2, U. Matern2, F. Bourgaud1

1UMR 1121 Nancy-Université – INRA, Laboratoire Agronomie
et Environnement Nancy-Colmar, ENSAIA, 2 avenue forét de
Haye, 54505 Vandoeuvre, France,
frederic.bourgaud@ensaia.inpl-nancy.fr

2Institut für Pharmazeutische Biologie, Philipps-Universität
Marburg, Deutschhausstrasse 17A, 35037 Marburg, Germany

Furanocoumarins are plant phytoalexins synthesized by 4 higher
plant families (Apiaceae, Rutaceae, Leguminosae and Moraceae).
These molecules act as plant protectors against bacteria and
insect larvae. Linear furanocoumarins (psoralens) constitute the
main form and can be found in all four families whereas angular
furanocoumarins (angelicins) are exclusively synthesized in some
Apiaceae and Leguminosae which could reflect an evolutionary
process driven by plant/insect competition. Biosynthetic path-
ways of linear and angular furanocoumarins are still poorly
understood at the molecular level although several enzymatic
steps were demonstrated to be P450-dependant. 

We recently reported the isolation and functional character-
ization of 4 enzymes acting as psoralen synthase and angelicin
synthase, which constitute the first cytochromes P450
described in the furanocoumarin pathways (Larbat et al., 2007;
Larbat et al., 2009). CYP71AJ1, CYP71AJ2 and CYP71AJ3 were
respectively isolated from Ammi majus, Apium graveolens and
Pastinaca sativa. Functional expression was accomplished in
yeast cells and the recombinant enzymes were identified as pso-
ralen synthase with narrow substrate specificity for (+)-
marmesin. In parallel, CYP71AJ4, isolated from Pastinaca sati-
va, catalysed the conversion of columbianetin into angelicin and
an hydroxycolumbianetin compound in a lower extent conse-
quently, CYP71AJ4 was assigned as an angelicin synthase and
constitutes the first P450 monooxygenase identified at the
molecular level and involved in the angular furanocoumarin
pathway.

In parallel to the functional characterization of various P450s
involved in the furanocoumarin pathway, we decided to genetical-
ly transform the medicinal plant Ruta graveolens with the objec-
tive to modify the furanocoumarin concentration in plant tissues.
Genetic transformations were achieved following the method of
Lièvre et al., 2005. A 4 fold increase in the furanocoumarin (pso-
ralen, 5-methoxypsoralen, 8-methxypsoralen) content was
recorded in plant leaves bearing a 35S::CYP71AJ1 construction.
This demonstrates that the furanocoumarin content of higher
plants can be highly modified by a metabolic engineering
approach.
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7.2.
Genistein – a natural isoflavone with
a potential for treatment of genetic diseases
Grzegorz Węgrzyn
Department of Molecular Biology, University of Gdańsk, Kładki 24,
80-822 Gdańsk, Poland, wegrzyn@biotech.ug.gda.pl

Isoflavones are heterocyclic polyphenols that naturally occur in
plants (soy is especially rich in these compounds). Due to their
multiple biological activities, they became a subject of intensive
studies as potential phytotherapeutic compounds. Genistein (4',
5, 7-trihydroxyisoflavone or 5, 7-dihydroxy-3- (4-hydroxyphenyl)-
4H-1-benzopyran-4-one)  appears to be one of the most abundant
isoflavones, and because of its phytoestrogenic, antioxidant, tyro-
sine kinase inibiotor and other activities, as well as its relatively
low toxicity, it is being tested as a potential protective and/or ther-
apeutic agent in variety of disorders, including cancer, cardiovas-
cular diseases, menopausal and postmenopausal symptoms.
Perhaps surprisingly, recent studies indicated that genistein can
be also considered as a potential drug for treatment of some
genetic diseases. The best examples are cystic fibrosis (CF) and
mucopolysaccharidosis (MPS) (particularly MPS type III, called
also Sanfilippo disease), though molecular mechanisms by which
this isoflavone may be beneficial for patients suffering from these
diseases are different. In CF, dysfunction of the CFTR gene caus-
es a defect in the function of the transmembrane chloride pump,
leading to a lack of movement of chloride in nose, sinuses, lungs,
intestines, pancreas and sweat glands, and thus, to clinical man-
ifestations of the disease. One the most common mutations found
in CF patients is ΔF508, and it appears that the function of the
mutated gene product may be partially restored by genistein,
especially in combination with phenylbutyrate. Phase I/II of a clin-
ical trial with such a therapy is being finished (1). MPS is a group
of inherited metabolic disorders, caused by mutations leading to
dysfunction of one of enzymes involved in degradation of gly-
cosaminoglycans (GAGs) in lysosomes. Due to their impaired
degradation, GAGs accumulate in cells of patients, which results
in dysfunction of tissues and organs, including the heart, respi-
ratory system, bones, joints and central nervous system.
Genistein has been shown to act as an inhibitor of GAG synthesis
(2) due to its function of the inhibitor of kinase activity of epider-
mal growth factor receptor (3). Results of pilot clinical studies
indicated that treatment of patients suffering from MPS III with a
genistein-rich isoflavone extract resulted in statistically important
improvement of all tested parameters, including cognitive func-
tions (4), and the double-blinded placebo-controlled clinical trail
is being started. Therefore, these results indicate that natural
plant metabolites, like genistein, can be considered as therapeu-
tics for as complicated diseases as inherited metabolic disorders.

REFERENCES:
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7.3.
New isoflavone glycoconjugates identified
in Mexican lupine species
Piotr Kachlicki2, Anna Staszków1, Anna Karkocha2,
Maciej Stobiecki1
1Institute of Bioorganic Chemistry PAS, Noskowskiego 12/14,
61-704 Poznań, Poland, anna_staszkow@o2.pl,
mackis@ibch.poznan.pl

2Institute of Plant Genetics PAS, Strzeszyńska 34, 6 Poznań,
Poland, pkac@igr.poznan.pl, akar@igr.poznan.pl

Isoflavones are a group of plant secondary metabolites raising
increased interest due to their important role in plant physiology,
biochemistry and wide range of biological activities. Searching for
new plant sources of this class natural products is of the highest
importance due to perspectives of application of biotechnological
methods for industrial synthesis of new compounds important in
different fields of human activities.

Two different LC/MS techniques were used during profiling of
the targeted secondary metabolites. The application of a CID MSn

(ion trap) allowed the structural elucidation of the analyzed com-
pounds, on the other hand utilization of a high resolution analyz-
er in LC/ESI/q-ToF system permitted to confirm elemental com-
position of ions originating from studied compounds.

Profiles of flavone conjugates in leaves and roots of seven wild
Mexican lupine species (Lupinus exaltatus, L. madrensis, 
L. mexicanus, L. montanus, L. reflexus, L. rotinduflorus, L. stip-
ulatus) differ considerably from these recorded previously for the
European lupine species (L. albus, L. angustifolius, L. luteus).
The differences are related to the presence of glycosides of vari-
ous isoflavones (biochanin, formononetin, wighteone and
luteone), additionally to genistein and 2'-hydroksygenistein
observed in earlier studied European species. In green parts fla-
vane (naringenin) and flavone (tricin) not detected previously in
the Old World lupines were identified. Some differences in the
glycosylation and sugar acylation pattern of these compounds are
also observed in samples obtained from several Mexican species
(both root and leaf). Sugar moieties of these conjugates are sub-
stituted with succinic acid molecules in addition to malonic acid.
The former type of substitution was not observed in samples
obtained from in European lupine species. 

Information obtained from the flavonoid conjugates profiles
registered with LC/MS systems will be used as a tool for chemo-
taxonomic analysis of different lupine species.

7.4.
Agrobacterium – mediated genetic
transformation of barely (Hordeum vulgare)
by human lactoferrin gene
Irina Tanasienko1, Alla Yemets1, Volodymyr Radchuk2,
Yaroslav Blume1

1Institute of Food Biotechnology and Genomics, National Academy
of Sciences of Ukraine, Osipovskogo 2a,
04123 Kiev-123,Ukraine, alyemets@mail.univ.kiev.ua

2Institute of Plant Genetics and Crop Plant Research (IPK),
Gatersleben, Germany     

Lactoferrin (LF) is an 80kDa iron binding protein, a member of
the transferrin family, which was found in high concentration in
human milk, tears, nasal exudates, saliva, bronchial mucus, gas-

trointestinal fluids, cervico-vaginal mucus, and seminal fluids
(Hayes, 2005). LF is a multifunctional protein with different bio-
logical activities including antimicrobial properties (Nandi,
2005), immune system modulation (Nandi, 2005), etc.
Recombinant human lactoferrin (hLF) has been already produced
in microbial, animal and plant system (Nandi, 2005). In plant
system LF has been produced in tobacco, potato and rice (Nandi,
2005). Here we describe a system for introduction of hLF gene in
mature embryos and callus cultures of commercial Ukrainian
barley cultivars by Agrobacterium-mediated genetic transforma-
tion. For this purpose, plasmid pBiLF carrying hLF was created.
This gene was driven by barley glutelin promoter (tissue-specific)
and terminated by GluB-1 terminator. It also included selectable
marker gene hpt for hygromycin resistance under the control of
PUbi promoter. The binary vector pBiLF was transferred to A.
tumefaciens strain AGL1 for transformation. AGL1 inoculum
was prepared on shaker at 28°C in LB medium containing appro-
priated antibiotics. Cells were immersed into liquid LB medium
containing Agrobacterium cells and subjected to sonication
(1–3s) and vacuum infiltration for 20 min. Mature embryos were
treated with tungsten M17 for plant cells damaging, immediately
after that embryos were immersed into bacterial suspension and
subjected to vacuum infiltration for 20 min. Transformed plant
material was transferred to the co-culture medium, and incubat-
ed at 28°C in the dark for 2 days. Transformed cells, were trans-
ferred than to the resting period on the medium supplemented
with 250 mg/l cefotaxime for bacteria elimination. After 3–4
weeks, growing tissues were transferred to selection medium con-
taining 5 mg/l hygromycin and 250 mg/l cefotaxime. Later trans-
formed embryos were placed on the selection medium containing
25 mg/l hygromycin and 250 mg/l cefotaxime.
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7.5.
Natural variation in Arabidopsis thaliana
as a tool for identifying differentially expressed
genes involved in the elicitation process
of pharmacologically active plant secondary
metabolites
Anna Ihnatowicz1, Joanna Siwińska1, Matthieu Reymond2,
Ewa Łojkowska1
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Max Planck Institute for Plant Breeding Research, 
Carl-von-Linné-Weg 10, 50829, Cologne, Germany, 
reymond@mpiz-koeln.mpg.de

Plants produce a wide variety of secondary metabolites that have
a range of important functions and biological activities valuable
for both plants and humans. They are produced in plants as a
defence mechanism against pathogen attack and other stress
events, and serve as key signalling compounds in mutualistic
interactions and plant development. Numerous plant secondary
metabolites have significant biological, pharmacological and ther-
apeutic activities in humans, and have found medical application
in the treatment of various diseases. Even though plants are a
good biotechnological source of biologically active compounds,
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the commercial production of secondary metabolites using plant
culture is normally limited by their low yield. Therefore better
understanding of the elicitation process, which is an extensively
used tool for enhancing secondary metabolite yields, is of great
importance. In spite of the fact that all medicinal plants current-
ly studied are non-model organisms, Arabidopsis thaliana with
its extensive genetic natural variation, and its tools of molecular
biology, biochemistry, and functional genomics provides an excel-
lent model to study plant secondary metabolism and elicitation
process. The aim of this work is to identify differentially
expressed genes that determinate the phenotypic variation in sec-
ondary metabolite accumulation between Arabidopsis accessions
treated with various elicitors. Sets of Arabidopsis natural acces-
sions originating from a wide range of habitats were grown togeth-
er in control conditions and were subsequently treated with dif-
ferent biotic and abiotic elicitors. The harvested samples are
being used for the parallel analysis of transcript profiling using a
fluorescent differential display technique and metabolic profiling
of secondary metabolites. The long-term aim of the project is to
expand molecular understanding of the secondary metabolite
biosynthesis at an ecological level in order to get insight into the
elicitation process.

This research is supported by grants from the Foundation for Polish
Science (HOMING Programme) and the University of Gdansk (Gdansk
University Grant BW/B051-5-0290-9).
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7.6.
Determination of the toxicity of secondary
metabolites produced by Woronichinia
naegeliana Elenkin
Beata Bober, Zbigniew Lechowski, Jan Białczyk
Departament of Plant Physiology and Development, Faculty
of Biochemistry, Biophysics and Biotechnology, Jagiellonian
University, Gronostajowa 7, 30-387 Kraków, Poland
beata.bober@uj.edu.pl, j.bialczyk@uj.edu.pl

The cyanobacterial blooms are undesirable as equally as a result
of ecological as well as health reasons – often they discharge into
the water compounds produced by them that are toxic for ani-
mals and people. Amongst the cyanobacteria which are appearing
increasingly frequently in fresh water areas, Woronichinia
naegeliana is noted by its number. In connection with this fea-
ture of it, research has been undertaken with the aim of a deter-
mination of the degrees of toxicity of secondary metabolites. The
evaluation of toxicity is conducted through the application of com-
mercially available acute toxicity tests based on the crustaceans
Thamnocephalus platyurus and Daphnia pulex, which are par-
ticularly sensitive to the cyanobacterial toxins. The greatest bio-
logical sensitivity on the effect of the water extract obtained from
the W. naegeliana cells was displayed by T. platyurus – the
denoted lethal concentration, 50% (LC50) after 24 hours of expo-
sure constituted 1.03 mg of dry weight (d.w.)/ml. A lower sensi-
tivity was obtained through the conducting of tests with the use of
D. pulex, though with the passing of time toxicity grew. Upon a
comparison of the results obtained for the various species and
strains of cyanobacteria it resulted that the toxicity of the extract
from the W. naegeliana cells were located in a value range from
those classified as average to low and were less toxic than that
obtained from the Microcystis aeruginosa cells. In order to deter-
mine the toxic values of particular products synthesized by W.
naegeliana experiments were conducted using tests of acute tox-
icity utilising T. platyurus. The authors of the few publications
that describe the structures of secondary metabolites identified in
the cells of W. naegeliana were not in agreement as to their toxi-
city. The results here presented show that two from amongst the
eighteen aquatic fractions extracted from this cyanobacteria dis-
play biological activeness. The value LC50 was determined for the
fraction containing the microginin FR3 (MG-FR3) constituting
5.88 mg d.w./ml as well as the fraction containing aeruginopeptin
917S-C, microginin 51A and cyanopeptolin D representing 0.42
mg eqw.MG-FR3 d.w./ml. The remaining products synthesized by
W. naegeliana displayed an absence or a low level of toxicity
making it impossible to determine theLC50 value. 

7.7.
Identification of phenolic compounds
in Lolium multiflorum
Anna Karkocha, Zbigniew Zwierzykowski, Piotr Kachlicki
Institute of Plant Genetics, Strzeszyńska 34, 60-479 Poznań,
Poland, akar@igr.poznan.pl zzwi@igr.poznan.pl
pkac@igr.poznan.pl

Italian ryegrass (Lolium multiflorum Lam.) is a fodder grass
which due to strong seedling vigor and high level of carbohydrates
is a desirable species for livestock pasture. Unfortunately, it does
not withstand hot, dry summers or severe winters and extensive
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breeding work is needed to widen stress tolerance. Nothing is
known about the composition of secondary metabolites such as
polyphenols in this species. These compounds play a crucial role in
response to unfriendly environmental conditions and their presence
influences the feeding quality of plant material. We report results of
studies on the variation in phenolic compounds, especially flavonoid
glycoconjugates and chlorogenic acids, that are present in leaves of
three Polish L. multiflorum cultivars Atos, Lotos and Tur. The
analyses have been performed using two different chromatographic
systems: high performance liquid chromatograph (HPLC) coupled
to ultraviolet UV detector and electrospray ionization (ESI) ion trap
mass spectrometer (IT MS) and ultraperformance liquid chromato-
graph (UPLC) with UV detector. Both systems provided opportuni-
ties to identification of 56 different compounds. Among them tri-, di-
and monoglucosides of flavons: apigenin, chrysoeriol and tricin as
well as flavonols: quercetin, kaempferol and isorhamnetin have
been found. The identified sugar derivatives include mainly gluco-
sides, rutinosides and in a lesser proportion glucuronates. The
identified compounds are mainly O-glycosides, but some C-glyco-
sides have also been detected. Some glucosides are esterified with
malonic acid. In addition three isomeric chlorogenic acids occur in
the studied plants in relatively high concentrations. The qualitative
and guantitative differences in flavonoid profiles observed among
cultivars will serve to a further determination of the role of poliphe-
nols in plant response to abiotic stresses.

7.8.
Establishment of hairy root clones of Nigella
arvensis and antimicrobial activity of their
methanol extracts
Olena Kishchenko, Kateryna Lystvan, Valeria Belokurova,
Mykola Kuchuk
Institute of Cell Biology and Genetic Engineering of the National
Academy of Sciences of Ukraine, Zabolotnogo 148,
03680 Kiev-143, Ukraine, lena@iicb.kiev.ua, lystvan@ukr.net,
lera@iicb.kiev.ua, kuchuk@iicb.kiev.ua

Transgenic hairy root cultures of medicinal plants offer an alter-
native and promising system for secondary metabolite produc-
tion. Though transformed roots of many plant species have been
obtained and widely studied, to the best of our knowledge, there
is no report on the application of this approach to the genus
Nigella (Ranunculaceae). Some species of this genus are known
for their pharmacological properties. 

Genetic transformation protocol, based on vacuum-infiltra-
tion of explants with Agrobacterium rhizogenes A4 strain, has
been developed for induction and establishment of hairy root cul-
tures of Nigella arvensis. Petiole segments of aseptic N. arvensis
plants were precultivated on basal medium SH (Schenk and
Hilderbrandt, 1972) supplemented with 2 mg/l 2,4-D and 
0,5 mg/l BA for a week prior to transformation. Cocultivation of
petiole explants with the agrobacteria resulted in the emergence
of hairy roots on hormone-free SH medium at 5% relative trans-
formation frequency. Five of the rapidly growing hairy root clones
were analysed by PCR for the presence of rolB gene. Transformed
nature of three of them has been confirmed.

The hairy root biomass was lyophilized and extracted either
with chloroform or methanol. The extracts were tested for their
antimicrobial activity using modified disk diffusion method (Poulev
et al., 2003) for qualitative assessment and broth microdilution
method (Setzer and Vogler, 2006) for quantitative assessment of
bacterial growth. The inhibitory effect on a number of bacteria was
detected for the methanol extracts of all clones. The chloroform
extracts were significantly less active than the methanol ones.
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7.9.
Influence of Dionaea muscipula extract
on viability and pectinolytic enzyme
production by Pectobacterium carotovorum
subsp. artrosepticum
Anna Szpitter1, Aleksandra Królicka1, Anita Skrzypczak2,
Marian Kamiński2, Ewa Łojkowska1 
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Extracts from carnivorous plants exhibit strong antibacterial
activity against plant pathogenic bacteria from genus Dickeya
and Pectobacterium in vitro. However, in vivo the effect is weak-
er probably due to the presence of plant metabolites modulating
bacterial viability and pathogenicity (Ravirala, 2007). The influ-
ence of Dionaea muscipula (Droseraceae) chloroform extract, its
component: naphthoquinone – plumbagin and synthetic peptide
CAMEL on viability and pectinolytic enzyme production in two
strains of Pectobacterium carotovorum subsp. artrosepticum
(Pca1043 – laboratory strain and Pca5A/1 strain isolated from
potato in Poland) was examined. Bacteria were grown in minimal
(M63) or rich (LB) medium supplemented or not with 20% pota-
to tissue filtrate (PF). D. muscipula extract, plumbagin or CAMEL
were added up to 0.25 times of minimal bactericidal concentra-
tions (MBC) according to the previously established values. On
the basis of optical density the generation time (GT) was calcu-
lated for each culture variant. Cell-free supernatants from 24 h
cultures were used for determination of extracellular pectate
lyase (PL) activity. Plumbagin has shown higher bacteriostatic
activity than D. muscipula extract while CAMEL exhibited no
antibacterial activity in tested concentrations. The addition of PF
significantly increased resistance of both strains to tested com-
pounds. GT for Pca5A/1 grown in LB medium or LB with
plumbagin was 94.1±3.5 min and 282.5±3.8 min, respectively,
while in media with 20% PF GT value was 72.8±2.2 and
91.3±4.8, respectively. Supplementation of media with PF as well
as addition of extract and plumbagin inhibited production and/or
secretion of PL. The highest PL activity was observed in the super-
natants from cultures grown on M63 medium: 5.1±0.1 and
8.7±0.6 U·g DM of bacteria-1·ml-1 for control cultures of Pca1043
and Pca5A/1 respectively. Addition of extract or plumbagin
decreased the Pca1043 PL activity to 0.5±0.01 and 0.4±0.1 U·g
DM of bacteria-1 ·ml-1 respectively and in case of Pca5A/1 to
6.5±0.2 and 5.1±0.5 respectively. 

This research was supported by the European Union within the
European Social Fund in the framework of the project "InnoDoktorant
– Scholarships for PhD students, I edition", Gdansk University Grant
BW/ BO51-5-0024-9, BW/B051-5-0293-9 and Foundation for Polish
Science.
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7.10.
Gentiopicroside content in in vitro plants, cell
suspension and genetically modified tissues
of selected species from Gentiana genus
Anna Wójcik1, Karolina Tomiczak1, Anna Mikuła1,
Waldemar Buchwald2, Sebastian Mielcarek2

and Jan J. Rybczyński1
1Botanical Garden – Center for Biological Diversity Conservation,
Polish Academy of Sciences, Prawdziwka 2, 02-973 Warsaw,
Poland, ai.wojcik@wp.pl, karolina_tomiczak@wp.pl,
amikula@obpan.pl,  jjryb@obpan.pl

2Institute of Natural Fibres and Medicinal Plants,
Wojska Polskiego 71b str, 60 630 Poznan, Poland

Secoiridoid glucosides are the main pharmacological active
Gentiana species compounds. Acyl derivatives of glucoside –
amarogentin and amaroswerin are the most bitter substances
among natural products. But the main secoiridoid glucoside of
the family Gentianaceae is gentiopicroside. It was found in 17
species of the Gentiana genera and Gentianella while the other

iridoids were present occasionally. Its bitter coefficient is the low-
est however the content in the drug is higher than other iridoids.
Enzymatic hydrolysis causes release of its aglucone – gentiogenal
(gentiopicral) which shows antibacterial and anticancer properties.

Most of gentians growing wild is protected by law so harvest
of plants from natural conditions is excluded. Field cultivation is
often difficult and unprofitable that's why in vitro cultures
became an alternative which enables to propagate big amount of
plant material in short period of time. 

Four gentians species were used in our experiment: G. cruci-
ata, G. kurroo, G. lutea and G. tibetica. Gentiopicroside content
in in vitro plants of all investigated species was determined with
the use of HPLC method. Aggregates of three different cell sus-
pension cultures were examined in relation to its amount: G. cru-
ciata cotyledon-derived, G. kurroo hypocotyl-derived and G.
lutea root-derived. Gentiopicroside concentration was also deter-
mined in genetically modified G. tibetica plants regenerated after
Agrobacterium-mediated transformation. The differences in sec-
oirydoid glucoside amount between species, tissues and type of
culture were investigated.
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8.1.
Stomatal control of plant water status 
Rainer Hedrich 
University of Würzburg, Molecular Plant Physiology
and Biophysics, Biocenter, Würzburg University, Würzburg,
D 97082, Bavaria, Germany 

The plant hormone abscisic acid (ABA) is involved in the trans-
mission of environmental changes like drought-, saline-, and cold-
periods into stress adaptation processes. Based on the timescale of
the individual ABA evoked responses they have been subdivided
into fast (membrane transport) and slow (transcription) signalling.
In contrast to the latter process the fast ABA response – exempli-
fied by half times of stomatal closure around 5–10 min – is believed
to not involve gene activation. Instead stomatal closure is accom-
plished by the release of potassium ions and chloride as well as the
metabolic degradation of the major organic anion malate.

In search for ABA signalling intermediates the response of ion
channels of guard cells in epidermal peels as well as guard cell pro-
toplasts and vacuoles have been challenged with well-characterized
modulators effective in signal transduction pathways of animal
cells. Isolated, experimentally well controlled guard cell prepara-
tions, however, often lack communication with neighbouring cells,
turgor or cytosolic components. In addition potential signalling
components derived from mutants altered in ABA-induced stom-
atal closure. To online record changes in ion fluxes across the
plasma membrane of guard cells in intact plants, we have devel-
oped a method, based on multi-barrelled microelectrodes intro-
duced into the cytoplasm of these sensory motor cells. Using this
online, in planta approach we have been able to identify signalling
elements required for fast ABA-induced stomatal closure.

Recently mutants were shown to lack a gene encoding a puta-
tive guard cell anion transporter named SLAC1. SLAC1 function
and stomatal closure-related signaling components leading to
anion channel activation, however, remained still unknown.
Using protein-protein interaction assays we identified a protein
kinase and -phosphatase within the ABA transduction pathway as
regulators of SLAC1. Our studies demonstrate that SLAC1 repre-
sents the slow inactivating, weak voltage-dependent anion chan-
nel of guard cells controlled by phosphorylation- dephosphoryla-
tion. A model on the ABA-based regulation of guard cell ion trans-
port will be presented at the meeting.

8.2.
Regulation of channels by phosphoinositides
in the plasma membrane
Xiaohong Ma1, Oded Shor1, Sofia Diminshtein1, Ling Yu1,
YangJu Im2, Imara Perera2, Aaron Lomax2,
Wendy F. Boss2, Menachem Moshelion1, Nava Moran1

1The Robert H. Smith Institute for Plant Sciences and Genetics
in Agriculture, the Hebrew University of Jerusalem,
Rehovot 76100, Israel, nava.moran@huji.ac.il  

2Dept. Plant Biology, North Carolina State University, Raleigh,
NC 27695-7649, USA

A wide range of ion channels in animals are controlled by phos-
phoinositides (PIs), particularly by phosphatidylinositol (4,5) bis-
phosphate (PtdInsP2). In Planta such information is scarce and – for
water channels (aquaporins) – non existent. We examined these
questions in a plant model, tobacco cultured cells in suspension,
NT1 (Nicotiana tabacum, var BY2), some of which had their PIs lev-
els – the plasma-membrane PtdInsP2 and cellular inositol (1,4,5)

trisphosphate  – genetically modified: elevated in "High PIs" and
depressed in the "Low PIs". We assayed the activity of their water
channels, via the osmotic water permeability (Pf) of protoplasts iso-
lated from the NT1 cells, using a hypotonic-challenge paradigm. The
higher absolute Pf values and its constancy during cell swelling (as
opposed to its decrease in other cells), as well as the lower
Arrhenius energy of Pf activation in the High PIs, indicated aqua-
porins-dominated water permeability in the High PIs, consistent
with activation of plasma membrane aquaporins by membrane PIs.

In this model system we examined also the effect of PtdInsP2
on the tobacco K+-efflux channel, NtORK, using patch-clamp,
with fixed "cytosolic" [Ca2+] and pH. In all these cells, K channel
activity, reflected in the net, steady-state outward K+ currents, IK,
was inversely related to the PtdInsP2 level, whether established
genetically or by short-term pharmacological manipulations.  In
all cases, IK decreases stemmed largely from decreased maxi-
mum-attainable NtORK channels conductance and partly from
shifted voltage dependence of channel gating to more positive
potentials, making it more difficult to activate the channels. These
results are consistent with NtORK inhibition by the negatively-
charged PtdInsP2 in the internal plasma membrane leaflet.
Similar regulation of ion and water channels is likely to underlie
PIs signaling in intact cells of whole plants.
Supported by BSF (grant # 2000191 to NM and WFB), in part by ISF
(Grant No. 550/01 to NM and grant No. 953/07 to NM and MM), and in
part by NSF (grant No. MCB-0718452 to WFB and IYP) and USDA-
CSREES (grant No 2004-35100-14892 to IYP).

REFERENCES:
MA X et al. (2009), Plant Physiology 149: 1127–1140.

8.3.
Light-driven molecular regulation mechanisms
in LHCII
Wiesław I. Gruszecki
Department of Biophysics, Institute of Physics,
Maria Curie-Sklodowska University, 20-031 Lublin, Poland,
wieslaw.gruszecki@umcs.pl

Plants have developed multiple regulatory mechanisms, at all their
organization levels, to adjust a number of excitations in the photo-
synthetic antenna, generated by light absorption, to current capabil-
ity of the photosynthetic apparatus. Such a regulation involves leave
movement and chloroplast phototranslocation, on the one hand,
and quenching of excessive excitations in the photosynthetic pig-
ment networks, on the other hand. The reported recently, light-driv-
en molecular mechanisms which operate in the largest photosyn-
thetic antenna pigment-protein complex LHCII, active to protect
photosynthetic apparatus against overexcitation-related damage,
will be overviewed and discussed. Among those mechanisms are:
the light-induced molecular configuration change of the LHCII-
bound neoxanthin [1], the light-induced molecular configuration
change of the LHCII-bound violaxanthin [2] and the molecular
organization-related formation of the low-energy excitation traps [3].

REFERENCES:
RUBAN AV, BERERA R, ILIOAIA C, VAN STOKKUM IH, KENNIS JT, PASCAL AA,

VAN AMERONGEN H, ROBERT B, HORTON P, VAN GRONDELLE R. 2007.
Identification of a mechanism of photoprotective energy dissipa-
tion in higher plants. Nature 450: 575–578.

GRUSZECKI WI, GOSPODAREK M, GRUDZINSKI W, MAZUR R, GIECZEWSKA K,
GARSTKA M. 2009. Light-induced change of configuration of the
LHCII-bound xanthophyll (tentatively assigned to violaxanthin): A
resonance raman study. Journal of Physical Chemistry B 113:
2506–2512.

GRUSZECKI WI, JANIK GE, LUCHOWSKI R, GRUDZIŃSKI W, GRYCZYNSKI I,
GRYCZYNSKI Z. 2009. Supramolecular organization of the main
photosynthetic antenna complex LHCII: A monomolecular layer-
study, Langmuir in press.
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8.4.
Influence of thylakoid lipids
on the de-epoxidation of violaxanthin
associated with the photosystem II
light-harvesting complex (LHCII)
Susann Schaller1, Małgorzata Jemioła-Rzemińska2,
Dariusz Latowski2,3, Reimund Goss1, Christian Wilhelm1,
Kazimierz Strzałka2

1Institute of Biology I, Plant Physiology, University of Leipzig,
Johannisallee 21-23, 04103 Leipzig, Germany,
sschaller@rz.uni-leipzig.de, rgoss@rz.uni-leipzig.de,
cwilhelm@rz.uni-leipzig.de

2Faculty of Biochemistry, Biophysics and Biotechnology,
Jagiellonian University, Gronostajowa 7, 30-387 Krakow, Poland,
mjr@mol.uj.edu.pl, latowski@interia.pl, strzalka@mol.uj.edu.pl

3Institute of Biology, Pedagogical University, Podchorazych 2,
30-084 Krakow, Poland

In higher plants, the major part of the xanthophyll cycle pigment
violaxanthin (Vx) is non-covalently bound to the main light-har-
vesting complex of PSII (LHCII). Under saturating light conditions
Vx has to be released from its binding site into the surrounding
lipid phase, where it is converted to the energy-dissipating pig-
ment zeaxanthin (Zx) by the enzyme Vx de-epoxidase (VDE). In
the present study we investigated the influence of thylakoid lipids
on the de-epoxidation of Vx which is still associated with the
LHCII. We isolated LHCII with different concentrations of native-
ly bound lipids and Vx by sucrose gradient centrifugation or suc-
cessive cation precipitation. Analysis of the different LHCII prepa-
rations showed that decreases in the content of the main thy-
lakoid lipid monogalactosyldiacylglycerol (MGDG) were accom-
panied by a diminished concentration of LHCII associated Vx,
indicating that part of the Vx was located in the MGDG phase,
whereas another part was bound to the LHCII apoproteins. We
further studied the convertibility of LHCII-associated Vx by addi-
tion of isolated VDE. We observed an efficient and almost com-
plete Vx conversion in LHCII containing high amounts of associ-
ated lipids. LHCII preparations with low concentrations of MGDG
exhibited a strongly reduced Vx de-epoxidation which, however,
could be increased by addition of external MGDG. It is of further
interest that the de-epoxidation of LHCII-associated Vx was satu-
rated at much lower concentrations of natively bound MGDG 

We would like to thank Deutsche-Forschungs-Gesellschaft for financial
support (50/N-DFG/2007/0).

8.5.
Spatiotemporal changes of membrane potential
during pollen activation and tube growth
Maria Breygina, Anna Smirnova, Natalie Matveeva,
Igor Yermakov
Moscow State University, School of Biology, Vorobyevi gori 1/12,
119899 Moscow, Russia, pollen-ions@rambler.ru,
smirnova-msu@yandex.ru, rolid@rambler.ru,
iyermakov@yandex.ru

Mature pollen from most plant species is metabolically quiescent
and highly desiccated. Upon pollination, pollen grain undergoes
rapid activation and grows a pollen tube. It elongates by a tip
growth process and transports sperm cells to the embryo sac for
fertilization. Besides its reproductive importance, pollen germi-

nation and tube growth have been considered unique develop-
mental processes for studying cell polarity establishment, cell dif-
ferentiation and polar growth. It is known that ion currents and
fluxes play a key role in establishing and maintaining polarity of
pollen germination and tube growth. But crucial question about
membrane potential changes remains undecided. 

We studied transmembrane potentials in cells (vegetative cell
of pollen grain during activation and growing pollen tube), proto-
plasts from pollen grains and isolated pollen mitochondria. In
our study we applied noninvasive fluorescent methods devised
for animal cells. Three voltage-sensitive dyes were used:
DiBAC4(3) allowed to determine the membrane potentials of cells
and protoplasts on the absolute (mV) scale, Di-4-ANEPPS gave an
opportunity to  map spatial differences in membrane potential,
DiOC3(5) was used for isolated mitochondria. 

We have shown here that pollen grain activation and germi-
nation are accompanied by hyperpolarization of the vegetative cell
plasmalemma. However, protoplast isolation also caused signifi-
cant hyperpolarization, probably due to metabolic activities con-
cerned with wall regeneration. At the same time we found out an
uneven spatial distribution of membrane potential along the sur-
face of pollen protoplast, presumably connected with cell polar-
ization. The mapping of growing pollen tube revealed a longitudi-
nal gradient of transmembrane potential. The involvement of
plasma membrane H+-ATPase in the gradient maintenance was
shown using orthovanadate and fusicoccin that inhibited or acti-
vated the enzyme, respectively. These treatments changed the pat-
tern of potential distribution, but didn't destroy the gradient.
Dissipating effect was observed only when pollen tubes were
treated with NPPB (5-nitro-2-(3-phenylpropylamino) benzoic
acid) – specific anion channel blocker. Using another blocker of
transmembrane anion transport – DIDS (4,4'-diiso-thiocyano-
2,2'-disulfonic acid stilbene) we showed that DIDS-sensitive anion
channels control membrane potential in isolated mitochondria.
The data suggest an important role of anion channels of plas-
malemma and mitochondria in the regulation of transmembrane
potential during pollen germination. 

This work was supported by grant 08-04-00746-a of the Russian
Foundation for Basic Research. 

8.6.
A possible role of CsNAR2 in nitrate uptake
in cucumber (Cucumis sativus)
Małgorzata Lange, Grażyna Kłobus
Depertment of Plant Physiology, University of Wrocław,
Kanonia 6/8, 50-328 Wrocław, Poland, 
mlange@biol.uni.wroc.pl, klobusg@biol.uni.wroc.pl  

Nitrate (NO3
-) is the major source of nitrogen for most crop plants

of aerable soils. The uptake of these ions by root cells is the first
and therefore the most important step in nitrogen acquisition and
assimilation. Although physiology of nitrate transport across
plasma membrane seems to be well established, the molecular
mechanisms governing this process remain unclear. Two classes
of genes encoding nitrate transporters have been identified in
plants, NRT1 and NRT2, involved in low (LATS) and high (HATS)
affinity transport systems, respectively. Recently it was discov-
ered that NRT2.1 in Arabidopsis thaliana and Hordeum vulgare
requires a second protein to mediate NO3

- transport, NAR2. The
data obtained from the heterologous expression systems using
Xenopus oocytes have shown that NRT2.1/NAR2 is a two-compo-
nent high-affinity nitrate transport system. However it has also
been demonstrated that expression of NAR2 is not essential for
transcription of NRT2.1. The components interact rather at the
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protein level, with NAR2 being probably involved in proper tar-
geting of NRT2s to the plasma membrane. 

NAR2 is a small protein with predicted one membrane-span-
ning domain. The sequences of genes belonging to the NAR2 fam-
ily have been identified in many plant species, but it is not known
whether they share common function in nitrate transport. Based
on the presence of conserved regions in the amino acid sequences
of NAR2s, the homologous nucleotide sequence of the CsNAR2
gene was found in cucumber. The predicted protein is in ~60%
identical to the AtNAR2.1 and HvNAR2.3. Analyses of gene
expression have shown that CsNAR2 is nitrate-responsive. We've
analyzed in detail the CsNAR2 expression level in different
cucumber organs and under different N regimes in comparison
with the expression of high-affinity nitrate transporter gene,
CsNRT2. We've also measured the nitrate uptake rate by cucum-
ber roots under variable nitrate nutrition (nitrate induction, star-
vation and re-induction). The obtained results are discussed in
the context of possible role of CsNAR2 in regulation of nitrate
uptake in cucumber. 

POSTERS

8.7.
Local motions of protein matrix influenced
by the spin state of the non-heme iron
in bacterial reaction centers  
K.Burda1, A. Chumakov2, A. Orzechowska3, M. Lipińska4,
J.Fiedor1,5, M. Zając1, T. Ślęzak1, K. Matlak1,  K. Strzałka5,
J. Korecki1 and L. Fiedor5

1Faculty of Physics and Applied Computer Science,
AGH – University of Science and Technology, al. Mikciewicza 30,
30-059 Kraków, Poland, burda@novell.ftj.agh.edu.pl,
korecki@agh.edu.pl, kmatlak@uci.agh.edu.pl,
slezak@agh.edu.pl, mzajac@uci.agh.edu.pl, 

2European Synchrotron Radiation Facility, , BP220, Grenoble
Cedex, France, chumakov@esrf.fr 

3Institute of Physics, Jagiellonian University, Reymonta 4,
30-059 Kraków, Poland, orzechowska@netmail.if.uj.edu.pl

4Institute of Nuclear Physics PAN, Radzikowskiego 152,
31-342 Kraków, Poland, marzenapir@gmail.com 

5Faculty of Biochemistry, Biophysics and Biotechnology,
Jagiellonian University, Gronostajowa 7, 30-334 Kraków,
Poland, fiedor@novell.ftj.agh.edu.pl, lfiedor@mol.uj.edu.pl,
strzalka@mol.uj.edu.pl 

Non-heme Fe is a highly conservative cofactor of photosynthetic
reactions centers of type Q but its role remains unclear.

We show that the non-heme iron can be stabilized either in a
high and in a low spin ferrous state is in the isolated Rhodobacter
sphaeroides reaction centers whereas it was found mainly in a
low spin ferrous state in the Rhodospirillum rubrum reaction
centers. The temperature dependence studies of the iron mean
square displacement using Mössbauer spectroscopy show that
the high spin ferrous non-heme iron has more flexible surround-
ing (θD ~165 K) that the low spin ferrous one (207 ± 17 K). We
suggest that the spin state of the non-heme iron may regulate the
strength of coupling between the two quinone acceptors and
indeed we observe that it influences the stabilization of charge
separation and the rate of charge recombination between the
quinone acceptors and the special pair of bacteriochlorophylls.
The nuclear inelastic scattering measurements of the collective
motions in these reaction centers show that the density of  vibra-
tional states originating from the non-heme iron bonds to the pro-
tein matrix has well separated modes in the Rb. sphaeroides
BRCs at low (around 4–17 meV) and higher (around 17–25 meV)
energies whereas in Rs. rubrum BRCs the vibrations have more
uniform distribution  with much lower contribution of vibrations
at  around 6 meV.

These results show that the activation of electron transfer
between the two quinone molecules on the acceptor side of the
bacterial reaction centers via the motion of the protein matrix is
related to the spin state of the non-heme iron.  

Acknowledgements: This work was partially supported by the grant N
N302 195035 from the Polish Ministry of Science and Higher
Education (MNiSW, 2008-2010), ESRF Grenoble project SC.-2468 and
the net project BIONAN.
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8.8.
Photosynthetic electron transfer in bacterial
reaction centers
Joanna Fiedor1,2, Aleksandra Orzechowska3,
Marzena Lipińska4, Martin Tritilek5, Leszek Fiedor2,
Kvetoslava Burda1

1Department of Medical Physics and Biophysics, Faculty of Physics
and Applied Computer Science, AGH University of Science
and Technology, al. Mickiewicza 30, 30-059 Kraków, Poland,
fiedor@novell.ftj.agh.edu.pl; burda@novell.ftj.agh.edu.pl

2Faculty of Biochemistry, Biophysics and Biotechnology,
Jagiellonian University, Gronostajowa 7, 30-387 Kraków,
Poland, leszek.fiedor@uj.edu.pl

3Institute of Physics, Jagiellonian University, Reymonta 4,
30-059 Kraków, Poland, orzechowska@netmail.if.uj.edu.pl

4Institute of Nuclear Physics PAN, Radzikowskiego 152,
31-342 Kraków, Poland, marzenapir@gmail.com

5Photon Systems Instruments, Hogrova 20, 621-00 Brno,
Czech Republic, martin@psi.cz

The conversion of light energy into useful chemical energy in photo-
synthetic organisms takes place in specialized pigment-protein com-
plexes called reaction centers. The mechanisms of primary function
of reaction centers, i.e. charge separation across the photosynthetic
membrane, are still not fully understood. One of the unsolved ques-
tions concerns the role of a very conservative non-heme iron local-
ized between the two quinones in type II reaction centers. In the
present study, we applied UV-VIS absorption and thermolumines-
cence spectroscopies in order to investigate the correlation between
the stability of the ubiquinone-iron complex and the efficiency of the
charge recombination within the reaction centers from two strains
of purple photosynthetic bacteria, Rs. rubrum and Rb. sphaeroides.
The main thermoluminescence component from the reaction center
from Rs. rubrum is shifted by 12°C towards lower temperatures
with respect to the one from Rb. sphaeroides. The measurements of
ground state recovery in these two reaction centers show that the
rates of charge recombination between the QA and QB quinone and
the special pair of bacteriochlorophylls are also very different. Both
observations point to a large effect of the non-heme iron state on
electron transfer on the acceptor side of the reaction center.

8.9.
Cadmium caused Indian mustard (Brassica
juncea) photosynthetic apparatus changes
O. Gavryliuk, O. Kosyk, N. Taran
Taras Shevchenko National University, Plant Physiology and
Ecology Department, 01033, Kyiv, Ukraine, o_gavriluk@ukr.net,
o_kosyk@ukr.net 

Heavy metal contamination of soils is a serious environmental
problem with potentially harmful results to agriculture and
human health. It is proved that cadmium ions cause significant
changes in photosynthetic activity by disrupting chloroplast ultra-
structure, inhibiting chlorophyll, carotenoid and plastoquinone
synthesis, suppressing electron transport and also decreasing
Calvin cycle ferment activity in plants sensitive to heavy metal
exposure. This can suppress metabolic rates and also restrict
plant survival. Indian mustard (Brassica juncea) is considered to
be one of the prospective cadmium hyperaccumulative species.
Such property has practical application in bioremediation and in
efforts to colonize polluted locality. 

In our research Indian mustard shoots were treated by 0.2 mM
cadmium nitrate solution. The first test modification was carried
out with cadmium solution unchanged and roots remaining

unwashed (with mucus) during exposure period. Another modifica-
tion included changing the pollutant solution every 24 hours and
rinsing the roots off. We have investigated the effect of Cd on the pho-
tosynthetic pigments and the lipids membrane composition. Our
results show a slight decrease in total Chl content during the exposi-
tion. The reduction in Chl b content was extremely sharp in 72 h
which resulted in higher Chl a:b ratio as the concentration of Cd
increased. A decrease of DGDG and MGDG content was noticed.
Particularly DGDG reduced the most essential in 48 h and MGDG in
72 h. Furthermore, the MGDG/DGDG ratio have been risen in 72 h
comparison with the control plants. Changes in lipid-pigment com-
position might have stabilizing effects on photosynthetic mem-
branes during cadmium stress in general adaptation mechanism. 

8.10.
Inhibitory action of copper and cadmium ions
on electron transfer in photosystem II 
Agnieszka Hałas1, Kazimierz Strzałka2

and Kvetoslava Burda1

1Faculty of Physics and Applied Computer Science,
AGH University of Science and Technology, al. Mickiewicza 30,
30-059 Kraków, Poland, agnieszka.halas@gmail.com,
burda@novell.ftj.agh.edu.pl

2Faculty of Biochemistry, Biophysics and Biotechnology,
Department of Plant Physiology, Jagiellonian University,
Gronostajowa 7, 30-387 Kraków, Poland,
strzalka@mol.uj.edu.pl

The most sensitive target of heavy metal toxic action is photosys-
tem II (PSII). Copper and cadmium ions are known to be strong
inhibitors of the photosynthetic process but their binding sites
are unknown. We performed measurements of electron and ener-
gy transfer in photosystem II isolated from tobacco in the pres-
ence of various concentrations of copper and cadmium salts
using double modulated fluorescence spectroscopy. We studied
kinetics of variable fluorescence and QA reoxidation. Obtained
results allowed us to distinguish at least four binding sites of cop-
per and cadmium ions within PSII. Basing on other biochemical
studies we could indicate the non-heme iron and cytochrome
b559 as the most susceptible components of PSII to these heavy
metals toxicity. Copper caused inhibition of the photosynthetic
process already at 100 times lower concentrations than cadmium

Acknowledgements: This work was partially supported by the grant 2
P04A 044 27 from the Polish Ministry of Science and Higher Education
(MNiSW, 2004-2007).

8.11.
Effect of trimethyllead chloride (Met3PbCl)
on SV channels and volume changes
in the red beet vacuoles
Waldemar Karcz1, Zenon Trela2, Zbigniew Burdach1

and Stanisław Przestalski2
1Department of Plant Physiology, Faculty of Biology, University
of Silesia, Jagiellońska 28, 40-032 Katowice, Poland,
waldemar.karcz@us.edu.pl

2Department of Physics and Biophysics, Wroclaw University
of Environmental and Life Sciences, Norwida 25/27,
50-375 Wrocław, Poland, zenon.trela@up.wroc.pl

Two major ion currents in the vacuolar membrane of higher
plants are mediated by non-selective cation channels: SV channel
(slowly activating) and FV channel (fast activating). The FV chan-
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nel conducts various monovalent cations with poor selectivity
among them, whereas the SV channel conducts K+, Na+, Mg2+,
Ba2+ and Ca2+. Under conditions usually applied to patch-clamp
experiments on vacuoles (symmetrical K+, milimolar luminal
Ca2+) SV channels activate at positive potentials.

The aim of the present study was to determine the effect of
Met3PbCl on SV channel and volume changes in the red beet vac-
uoles. Vacuoles were isolated by using of microsurgery method
from red beet (Beta vulgaris L.). The SV channels were studied
by the patch-clamp technique in the whole-vacuole or the (cyto-
plasmic side-out) excised-patch configuration using EPC-7 ampli-
fier (List-Medical-Electronic, Darmstadt, Germany). Obtained
data were analysed using software PatchMaster and FitMaster
(HEKA Electronic, Lambrecht, Germany). Patch pipettes were
prepared from Kimax-51 glass capilaris and coated with Sylgard.
The diameter of vacuoles was measuremed by means of microscope
Ax70 (Olympus Provis) connected with Hammamatsu camera.

It was found that under symmetrical K+ concentrations 
(100 mM K+ on both sides of the vacuolar membrane) SV chan-
nels mediate outward currents only, which probably correspond
to K+ uptake into the vacuole. Macroscopic whole-vacuole SV cur-
rents elicited by a series of positive voltages were in the range of
a few hundred pA to 10 nA. The single channel records display a
slow activating channel with a conductance in the order 70 pS. 

It was found that the cytoplasmic Met3PbCl at both concen-
trations (10-5 and 10-4 M) studied inhibited SV channels in the
red beet vacuolar membrane. We have also showed that the incu-
bation of vacuoles in the presence of 100 μM Met3PbCl caused
destruction of the tonoplast which was preceded by a rapid
increase in vacuole volume.

This work was supported by the KBN grant N305 336434
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Ion channels in the tonoplast of the moss
Physcomitrella patens
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Patch-clamp measurements were performed with excised tono-
plast patches. Single-channel recordings with vacuolar-side-out
patches showed SV channels, which seems to be ubiquitous in
the tonoplast of higher plants (Pottosin and Schönknecht, 2007).
The probability of opening of single channels increased at positive
potentials and current-voltage relationship displayed outward
rectification. Measurements in KCl gradient confirmed selectivity
of these channels for K+. 

SV were observed even in nominal absence of Ca2+ on the
cytoplasmic side of the membrane. In addition to the currents
carried by SV channels, small currents were recorded with uni-
tary conductance approx. 25 pS. Both SV and the other channels
were selective for K+. There is high probability that K+ channels
with low unitary conductance are FV type. FV like SV are well-
known (Allen and Sanders, 1997) and their features are similar
to these described above. 

In the tonoplast of the liverwort Conocephalum conicum,
high concentration of Mg2+ activates anion channels (Trebacz et
al., 2007). Anion channels in Conocephalum carried anions from
the cytoplasm to the vacuole and were active at negative poten-
tials. Conocephalum and Physcomitrella are closely related (both

belong to Bryophyta) thus, we examined if Mg2+ can activate
anion channels in the tonoplast of Physcomitrella. Unfortunately,
we have found no currents carried by Cl-. The currents we record-
ed in the  gradient of MgCl2 indicated that the observed currents
were carried by Mg2+, but not Cl-. 

This work was supported by grant No. N N303 383036 from Ministry
of Science and Higher Education.
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Heavy metals occupy one of dominating places among different
groups of industrial emission. Increase of heavy metal concentra-
tion lead to the changes of plant physiological/biochemical reac-
tions directed to activation of protection and adaptation mecha-
nisms. One of the first reactions in development of the general
adaptive syndrome is an activation of lipid peroxidation process-
es. Exposure of plants to heavy metals action also induces oxida-
tive stress developed as lipid peroxidation and an oxidative burst
generating free radicals and active oxygen species. These species
react with lipids, proteins, pigments, and nucleic acids and cause
lipid peroxidation, membrane damage, inactivation of enzymes,
thus affecting cell viability. 

Our data show that activation of lipid peroxidation process in
leaves under lead and cadmium action depends on concentration,
duration and terms of treatment. Wheat shoots treated by the
high dose of cadmium revealed tetra-n-butylammonium per-
ruthenate (TBAP) increase in 6 hours. However, after 24h in vari-
ant treated with the same toxicant dose we observed a smaller
increase of this parameter. The lipid peroxidation level in all vari-
ants of treated plants decrease in 72 hours. 

In plants treated by lead induced TBAP level increase propor-
tionally to stress prolongation. Glycolipid content changes depend
upon lead and cadmium concentration applied as root treatment.

We observed lipid content change being depended upon pro-
longated stressors influence. Data obtained showed that MGDG
content changed in time-dependent manner and these changes
was similar during the first period of time in both experimental
variants, but Cd action was more severe. Action of both heavy
metals induced an increase of MGDG level at 6 hour. In variant
treated Pb MGDG increased by 23% and in variant treated Cd
MGDG increased by 32% comparing to control. But in 24 hours
MGDG content decrease in both experimental variants. In 72
hours MGDG increase in variant with Pb. Second sampling peri-
od (24 h) in plants treated with Cd was characterized by falling
MGDG level which could be caused by peroxidation processes. 
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In the stroma compartment, several pathways are used for integra-
tion/translocation of chloroplast nuclear-encoded proteins into the
thylakoid membrane (Robinson et al., 2001). We have investigated
this aspect for chloroplast encoded cytochrome b6, which operates
with an uncleaved signal for insertion into the thylakoid mem-
brane by expressing the mature cytochrome b6 or constructed
deletion mutants of this cytochrome in Escherichia coli as a fusion
to a maltose-binding protein or to the bacterial SSpelB. In search of
potential signal sequences and signal anchor sequences within the
apocytochrome b6 sequence, we decided to carry out computation-
al analysis. In our case, for the prediction of signal sequence (SS)
and/or anchor signal sequence (STS), we chose the program
SignalP. SignalP uses two HMMs, one that models the signal peptide
and a second that models a signal anchor (Nielsen and Krogh.,1998)
The results presented in this paper show that the cytochrome b6
forced to use the Sec translocase pathway, has a native structure in
the bacterial cytoplasmic membrane, but also has an opposite ori-
entation compared to that in the thylakoid. The insertion of this
cytochrome into the cytoplasmic bacterial membrane is absolutely
dependent on the presence of N-terminal presequence artificially
added, the proper folding and anchoring depends of it's N-terminal
part (first ~110 aminoacid). Helices A and B are responsible for the
anchoring of cytochrome b6 and both (A and B) or one (B) are nec-
essary for insertion and proper folding of helices C and D.
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8.15.
Relationships between changes of electrical
potential and organ movements in Helianthus
annuus and Phaseolus vulgaris
Andrzej Kurenda
Department of Biophysics, Institute of Biology,
Maria Curie-Skłodowska University, Akademicka 19,
20-033 Lublin, andrzejkurenda@gmail.com

Circumnutations in many plant species have been described in liter-
ature. However, the mechanism of these phenomena is not clearly
established. The existing theories suggest that circumnutations result
from unequal growth and are influenced by gravity or turgor changes
in moving parts of plants (Mungai et al., 2007). To check the rela-
tionship between circumnutations and electrical potential changes in
the bean leaflet pulvinus and sunflower stem, recordings of move-
ment and extracellular electrical potential measurements were made.
The experiments revealed occurrence of  oscillations in the electrical

potential correlated with oscillations of organ movements in the sun-
flower and in the bean. The similarity between the recordings sug-
gests that the mechanism of movement in the bean leaflet pulvinus
(Mayer and Hamp, 1995) consisting of turgor changes can have com-
mon features with the mechanism of circumnutations in the sun-
flower stem. 
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The presence of inverted micelles is necessary for de-epoxidation in
the xanthophyl cycle, one of the most important photoprotective
mechanisms in plants. Two kinds of de-epoxiadses were tested in
presented studies: violaxanthin de-epoxidase (VDE) existing in high-
er plants, green and brown algae and  diadinoxanthin de-epoxidase
(DDE) which can be found in diatoms, dinophytes and haptophytes.  

The  effect of  molecular  dynamics  of hydrophobic fraction of
aggregates of inverted micelles  composed  with one of the following
lipids: monogalactosyldiacylglycerol (MGDG), phosphatidylethano-
lamine from eggs (PEegg), 1,2-dioleoyl-snglycero-3 phosphatidyle-
thanolamine (PE1) or 1,2-dilinoleoyl-sn-glycero-3-phosphatidyle-
thanolamine (PE2) on de-epoxidases activity was tested. The highest
activity was observed in PE1 and MGDG for VDE and DDE respec-
tively, although molecular dynamics of tested structures in case of
these lipids was not the highest. Thickness of the hydrophobic frac-
tion of the aggregates was the second tested parameter. In this
experiment two types of PE esterified with fatty acids  having one
double bond but differing in length were used. One of them was PE1
(18°C) and the second was 1,2-dipalmitoyloleoyl-sn-glycero-3-phos-
phatidylethanolamine (PE-C16). DDE activity was about 25 % lower
in PE-C16 than in PE1 micelles, whereas activity of VDE was 50 %
lower in system composed with PE-C16. Size of the inverted
micelles, suggested by mathematical description of the structures,
was the last tested parameter. Diameters of the micelles varied from
7 to 9 nm, when they were created by MGDG and from 20 to 21nm
when mixture of MGDG and digalactosyldiacylglycerol (DGDG)
(60:40, MGDG:DGDG) was used. Total concentrations of MGDG,
violaxanthin (Vx) or diadinoxanthin (Ddx) were constant and set to
0.33 μmol/dm3 for Vx or Ddx and 12.9 μmol/dm3 for MGDG. The
bigger micelles were tested the lower activity of VDE and DDE was
observed. Obtained results show that the activity of de-epoxidation
is strongly dependent on physicochemical parameters of inverted
micelles such as thickness, molecular dynamics of hydrophobic
core and their diameter. Mutual orientation of enzymes and sub-
strates or dilution of pigments by lipids are postulated as main
mechanisms to explain the results.  

This work was supported by project No. 50/N-DFG/2007/0. 
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Two major ion currents in the vacuolar membrane of higher
plants are mediated by non-selective cation channels: SV channel
(slowly activating) and the FV channel (fast activating). Under
conditions usually applied to patch-clamp experiments on vac-
uoles (symmetrical K+, milimolar luminal Ca2+) SV channels acti-
vate at positive potentials.

The aim of the present study was to determine the effect of
Met3PbCl on distribution of ion current of SV channel in the red
beet vacuoles. 

Vacuoles were isolated by using of microsurgery method from
red beet (Beta vulgaris L.). The SV channels were studied by the
patch-clamp technique in the whole-vacuole or the (cytoplasmic
side-out) excised-patch configuration using EPC-7 amplifier (List-
Medical-Electronic, Darmstadt, Germany). Patch pipettes were
prepared from Kimax-51 glass capilaris and coated with Sylgard. 

The recordings of ion current were examined and measure-
ments with more than one active channel rejected. The statistical
parameters i.e. mean value, standard deviation, skewness and
kurtosis of measured ion channels calculated. In order to approx-
imate interval of confidence the bootstrap technique was applied.
From the recorded time series a sample of the length 104 data
points was chosen and the considered statistical parameters. The
procedure was repeated 103 times. Finally the estimators of mean
value, standard deviation, skewness and kurtosis were calculated
with its confidence intervals. The results were analyzed as a func-
tion of membrane potentials. It has been shown that the presence
of Met3PbCl influence strongly the probability distribution func-
tion of ion current while the open channel was active. In the next
step the currents of open and close stated were separated and
properties of its distribution functions analyzed. It has been
showed that the Met3PbCl strongly influence the standard devia-
tion of open channel current distribution.

The presented shows that the Met3PbCl influence the charac-
teristics of open channel current, moreover it shows that other
than mean value of ion current should be taken into account in
the analysis of patch clump recordings. 

This work was supported by the Ministry of Science and Higher
Education, grant N305 336434
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Isoprenoid quinones are a group of compounds occurring in
membranes of all living cells. These compounds function mainly

as electron carriers, but have also other roles such as antioxi-
dant. Due to their chemical structure they were divided into two
main groups: naphtoquinones and benzoquinones.
Benzoquinones comprise ubiquinones, plastoquinones (PQs) and
tocopherolquinones (TQs). TQs regarded as oxidation products
of tocopherols, were reported to be found also in a wide range of
microorganisms unable to synthesize tocopherols (Hughes and
Tove 1982), what raised the question about alternative biosyn-
thetic pathway and special functions of these compounds. We
checked the presence and abundance of TQ (and its reduced form
tocopherolquinol, TQH2) in selected species of microorganisms.
Among fungi, we chose three yeast species: Saccharomyces cere-
visiae, Candida utilis and Pichia Pastoris. Among bacteria we
analyzed Escherichia coli, anaerobic Butyryvibrio fibrisolvens
and four cyanobacteria species: Synechocystis sp. PCC6803,
Synechococcus sp. 7002, Synechococcus elongatus sp.
PCC7942 (formerly known as Anacystis nidulans R2) and the-
mophilic Phormidium laminosum. In most cyanobacteria, toco-
pherol biosynthetic pathway is present, but in some of them (i.e.
Synechococcus elongatus sp. PCC7942) there is no tocopherol
and homologues of enzymes participating in tocopherol biosyn-
thesis cannot also be found. What is even more interesting, there
are many questions concerning PQ biosynthesis in cyanobacteria.
In higher plants, PQ and tocopherol biosynthetic pathways share
initial steps. In species or mutants of cyanobacteria lacking toco-
pherol, PQ is found at level similar to tocopherol-containing
species which suggests additional, unknown pathway of PQ
biosynthesis. Occurrence of TQ/TQH2 was confirmed for
Butyryvibrio fibrisolvens (although there were about ten times
less TQ comparing to results published by Hughes and Tove) and
Synechocystis sp. PCC6803. For the other of the examined
species we have not detected TQ/TQH2. We observed similar lev-
els of PQ in all the examined cyanobacteria species. The iso-
prenoid quinone profile is discussed in light of the occurrence of
known isoprenoid quinone biosynthetic pathways in the exam-
ined microorganisms.
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Antioxidants act as protective agents against harmful oxygen mol-
ecules and free radicals and can prevent cell damage and many
civilization diseases such as a cancer, cardiovascular, neurode-
generative and age related.

The main natural antioxidants: flavonoids and carotenoids
are present in the human diet rich in fruit and vegetables, so their
consumption is associated with numerous health benefits. 

We investigated the antioxidant properties of the following
three flavonoids with different polarity: the polar tricine 7-O- β-[2-
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O-feruloyl-β-glucuronopyranosyl (1→2) glucuronopyranoside],
less polar 4'-methoxy 5,7-dihydroxyflavone 6-C-β-glucopyra-
noside (isocytisoside) and the most nonpolar flawonoid in this
study I 2 II 8 biapigenine (amentoflavone) from Axyris amaran-
thoides L., Aquilegia vulgaris L., and Viburnum lantana L.,
respectively, and also well known antioxidant β-carotene (Vitamin
A precursor), as a standard. β-Carotene is a very powerfully scav-
enger of the singlet oxygen.

For the screening of antioxidant activity an modified ABTS
cation radical decolorization assay and EPR technique have been
introduced. Modification of ABTS method based on applying
DMF as a solvent applicable to compounds with different polari-
ty. Measurements of flavonoids, β-carotene and Trolox were per-
formed in the concentration range from 0.01 to 10 μM.
Monitoring of measurement data was done in long period of time,
up to eight days after sample preparation.

Summing-up the studied flavonoids exhibited antioxidant
activity higher than that of β-carotene and they can more rapidly
scavenge free radicals.

Authors thank project DS 62-176/2009.
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Apigenin, quercetin and genistein are members of the family of
plant flavonoids suspected to prevent a number of human dis-
eases, for instance cancer development. They  display a lot of
activities and part of their  beneficial effects  could come from its
affinity to the cellular membranes. At present study we used
Conocephalum conicum, a well elaborated model of liverwort.
Intracellular microelectrode measurements were carried out to
examine the effects of flavonoids  in combination with neomycin
on the resting and action potentials.  

Neomycin triggered  gradual decline of AP amplitudes, an MP
decrease (MP became less negative) and the peak value of the
depolarization decrease. Duration of action amplitudes measured
at half of the amplitude increased in neomycin treated plants.
However, the membrane did show hyperpolarization in reaction
to quercetin and neomycin combine perfusion. Duration of action
amplitudes measured at half of the amplitude decreased in
quercetin or apigenin plus  neomycin treated plants  in respect to
control. Hence, if quercetin or genistein  were  used simultane-
ously with neomycin, they hindered neomycin-specific actions.
Because combine use of  apigenin and neomycin did not, again a
decrease of AP amplitudes accompanied by depolarization of MP
was observed.

It may be concluded that  application of at least some
flavonoids (namely quercetin and genistein) exert strong influence
on electrical membrane responses in Conocephalum conicum.

8.21.
Mechanisms for the insertion of cytochrome b6
proteins into the thylakoid membrane
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In the stroma compartment, several pathways are used for integra-
tion/translocation of chloroplast nuclear-encoded proteins into the
thylakoid membrane Thylakoid membrane proteins are inserted
by different mechanisms: the SRP (signal recognition particle)
pathway or the apparently "spontaneous" pathway. The SRP path-
way appears to be a specialized mechanism for the insertion of
many members of the light-harvesting complex superfamily and
requires binding of SRP to the substrate, GTP hydrolysis, and the
assistance of proteins FtsY and Alb3. By contrast, the "sponta-
neous" insertion pathway operates without detectable assistance
from other proteins and in the absence of both the thylakoidal ΔpH
or nucleoside triphosphate hydrolysis (Robinson et al., 2001).

We have investigated which pathway from described above is
proper for the transport and insertion of the chloroplast encoded
cytochrome b6 into the thylakoid membrane in vivo (in higher
plants). In order to do so, we are planning the isolation of RNC (ribo-
some  nascent protein chain) complex from chloroplasts of several
organisms (Spinacia oleracea, Pisum sativum, Arabidopsis
thaliana). From the whole pool of RNC using immunoprecipitation
we will isolate the complex containing cytochrome b6 nascent chain.
The usage of crosslinking factors and antibodies together with 2D
electrophoresis and Western Blot analyses will allow us to identify
the translocon proteins or others participating proteins in the inte-
gration of the cytochrome b6 into thylakoid membrane. 
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the structure of inner etioplast membranes,
organization of the subcomplexes POR-Chl
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The influence of the carotinoid biosynthesis inhibitors norflura-
son and amitrol on the photosynthetic pigments contents, pig-
ments native state, 5-aminolevulinic acid accumulation, pro-
tochlorophyllide (Pchlide) resynthesis and chlorophyllide (Chlide)
estherification in etiolated and shortly irradiated postetiolated
barley (Hordeum vulgare L.) leaves has been studied. The
increase of the nonphotoactive Pchlide content on the 15% after
norflurason and on the 200% after amitrol treatment has been
demonstrated. The content of photoactive Pchlide has been not
affected after norflurason treatment and it has been diminished
about 50% after amitrol treatment. The absence of the rapid and
the lag phase (Rassadina et al., 2004) of the Chlide esterification
in norflurason treated leaves were observed. The velocities of the
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Chlide esterification in the main reaction phase in norflurason
treated leaves and in the control leaves were similar. In leaves
treated with amitrol the rapid phase of Chlide esterification
process was expressed accurately, the lag phase was increased in
comparison with the control and the velocity of Chlide esterifica-
tion in the main phase was slowed down. The velocities of Pchlide
resynthesis in the leaves lacking carotenoids and in the control
leaves were close, however the final level of Pchlide accumulation
was higher in the norflurason or amitrol treated leaves compared
to the control. The 2–4 times increase in the 5-aminolevulinic
acid accumulation after herbicides treatment was observed. It is
concluded that change in carotenoid composition of inner plastid
membranes leads to modification of the hypothetical complex
consisting of 8 Pchlide650-POR molecules and 1 molecule of 
Chl-synthase, and to disturbance in coordinating of the initial and
final stages of Pchlide biosynthesis process.

REFERENCES:
RASSADINA V, DOMANSKII V, AVERINA N, SCHOCH S, RÜDIGER W. 2004.

Correlation between chlorophyllide esterification, Shibata shift
and regeneration of protochlorophyllide650 in flash-irradiated
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8.23.
Influence of thylakoid lipids
on the macrodomain-structure of photosystem
II light-harvesting complex (LHCII)
Susann Schaller1, Małgorzata Jemioła-Rzemińska2,
Dariusz Latowski2,3, Reimund Goss1, Christian Wilhelm1,
Kazimierz Strzałka2

1Institute of Biology I, Plant Physiology, University of Leipzig,
Johannisallee 21-23, 04103 Leipzig, Germany,
sschaller@rz.uni-leipzig.de, rgoss@rz.uni-leipzig.de,
cwilhelm@rz.uni-leipzig.de

2Faculty of Biochemistry, Biophysics and Biotechnology,
Jagiellonian University, Gronostajowa 7, 30-387 Krakow, Poland,
mjr@mol.uj.edu.pl, latowski@interia.pl, strzalka@mol.uj.edu.pl

3Institute of Biology, Pedagogical University, Podchorazych 2,
30-084 Krakow, Poland

The influence of thylakoid membrane lipids on the macrodomain-
structure of the main light-harvesting complex of PSII (LHCII) was
studied by means of low temperature fluorescence, circular
dichroism (CD) and photon correlation spectroscopy (PCS).
Measurements were carried out with a lipid-depleted LHCII iso-
lated by successive cation precipitation, and a more lipid-con-
taining LHCII which was isolated by dodecyl maltoside solubi-
lization and sucrose gradient centrifugation (DM-LHCII). PCS
measurements revealed that the lipid-depleted LHCII formed
aggregates with varying, but generally high particle sizes, in con-
trast to the detergent treated DM-LHCII whose domain structures
were very small and more homogenously distributed. The addi-
tion of thylakoid lipids to lipid-depleted LHCII led to an increase
of the fluorescence signal at 680 nm accompanied by a significant
or even complete loss of the 700 nm shoulder. The decrease of
the 700 nm shoulder was observed concurrently with a dimin-
ishment of psi-type CD bands which can be interpreted as a dis-
aggregation of the LHCII macrodomain-structure. Addition of thy-
lakoid lipids to the DM-LHCII led to a decrease of the strong flu-
orescence signal at 680 nm and the PCS measurements indicat-
ed the formation of lipid-LHCII structures of higher size. The
amount of LHCII disaggregation depended both on the lipid con-
centration and the nature of the lipid. The anionic lipids sulfo-
quinovosyldiacylglycerol (SQDG) and phosphatidylglycerol (PG)
led to a significantly higher disturbance of the LHCII

macrodomain-structure than the neutral galactolipids mono-
galactosyldiacylglycerol (MGDG) and digalactosyldiacylglycerol
(DGDG). MGDG and DGDG exhibited the most pronounced
effects at low pH-values, whereas SQDG and PG had the strongest
influence on the LHCII macrodomain-structure at neutral or
slightly basic pH-values. This finding indicates that the negative
charge of the anionic lipids, which is only present at neutral and
basic pH values, is responsible for the strong interaction between
these lipids and the LHCII. This assumption is supported by the
observation that addition of cations to the medium which shields
the negative lipid charge partly suppressed the LHCII disaggrega-
tion by the anionic lipids.

We would like to thank Deutsche-Forschungs-Gesellschaft for financial
support (50/N-DFG/2007/0).

8.24.
Ferredoxin:NADP+ oxidoreductase bound
to the cytochrome b6f complex is active in
plastoquinone reduction. Implications for
cyclic electron transport and chlororespiration
Renata Szymańska1, Ireneusz Ślesak2,3, Jerzy Kruk1

1Department of Plant Physiology and Biochemistry, Faculty of
Biochemistry, Biophysics and Biotechnology, Jagiellonian
University, Gronostajowa 7, 30-387 Kraków, Poland,
r.szymanska@uj.edu.pl, jerzy.kruk@uj.edu.pl

2Institute of Plant Physiology, Polish Academy of Sciences,
Niezapominajek 21, 30-239 Kraków, Poland,
i.slesak@ifr-pan.krakow.pl

3Department of Plant Genetics, Breading and Biotechnology,
Warsaw University of Life Sciences (SGGW),
Nowoursynowska 159, 02-776 Warszawa, Poland

In the present studies, we have applied for the isolation of the
cytochrome b6f complex from spinach (Spinacia oleracea) three
methods differing in the preservation of the cytochrome b6f-asso-
ciated ferredoxin:NADP+ oxidoreductase (FNR). Although the
complexes isolated by all the methods showed the presence of the
FNR peptide(s), when incorporated into liposome membranes,
the NADPH-PQ (plastoquinone) oxidoreductase activity was not
detected for the cytochrome b6f complex isolated with the classi-
cal method including NaBr wash. The partial activity in was found
for the complex isolated with the omission of the wash, but the
highest activity was detected for the complex isolated with the use
of digitonin. The reaction rate of PQ reduction of the investigated
complexes in liposomes was not significantly influenced by the
addition of free FNR or ferredoxin. Moreover, the reaction was
also not affected by the presence of inhibitors either of the
cytochrome b6f complex at the Qi site or the recently identified
heme x. The obtained data indicate that FNR associated with the
cytochrome b6f complex can participate in the cyclic electron
transport or chlororepiration as PSI-PQ or NADPH-PQ oxidore-
ductase, respectively. Moreover, we have shown that PQ in lipo-
somes can be non-enzymatically reduced by ascorbate and this
reaction might be involved in dark-reduction pathways of PQ-pool
in chloroplasts.
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9.1.
Long range signalling in the control of shoot
branching
Ottoline Leyser
Department of Biology, University of York, YO10 5YW York, UK,
hmol1@york.ac.uk

Plants continuously adjust their body plan to suit the environ-
mental conditions in which they are growing. A good example of
this is in the regulation of shoot branching. Axillary meristems,
which are established in each leaf formed from the primary shoot
apical meristem, can remain dormant or activate to produce a
branch. The decision whether to activate an axillary meristem
involves assessment of a wide range of external environmental,
internal physiological and developmental factors. Much of this
information is transmitted via a network of interacting hormonal
signals that can integrate multiple inputs to generate a rich
source of systemically transmitted information. We are studying
this network, combining molecular biological, physiological and
quantitative genetic approaches with computational simulation to
try to understand how the component parts of the system are able
to deliver environmentally responsive shoot branching patterns.
Our recent progress will be reported.

9.2.
Signalling in epidermal growth control 
K.L. Johnson and G.C. Ingram
Institute of Molecular Plant Sciences, Rutherford Building,
University of Edinburgh, Edinburgh, EH9 3JR, United Kingdom,
Gwyneth.Ingram@ed.ac.uk

Co-ordination of cell division and expansion between different
cell types is critical for the efficient functioning of plant organs,
and is likely to be effected by multiple interlinked mechanisms
allowing adaptation to both exogenous and endogenous cues.
Increasingly, cell fate specification and maintenance is being func-
tionally linked to plant growth control at the molecular level.
Classical studies have indicated that epidermal identity is main-
tained by intercellular signalling throughout plant development,
and that loss of epidermal integrity can therefore lead to an irre-
versible loss of epidermal cell fate. Decreased accumulation of
PHYTOCALPAIN leads to severe epidermal abnormalities, includ-
ing loss of epidermal identity. Here we present data indicating
that PHYTOCALPAIN (also known as DEK1), a unique plant-spe-
cific protein, plays a fundamental role in regulating both cell divi-
sion and cell expansion in Arabidopsis. Phenotypes generated by
over-expression of an over-active version of DEK1 show that it
does not directly regulate epidermal cell fate. We therefore pro-
pose that PHYTOCALPAIN controls aspects of growth co-ordina-
tion which are critical for maintenance of epidermal integrity dur-
ing development. Ongoing research into understanding the mech-
anisms underlying PHYTOCALPAIN-mediated growth control will
be discussed.

9.3.
Small GTPases effectors in plant cell 
morphogenesis
Viktor Zarsky
Department of Plant Physiology, Faculty of Science, Charles
University, Vinicna 5, 128 44 Prague 2, Czech Republic;
Institute of Experimental Botany, Academy of Sciences of the
Czech Republic, Rozvojova 263, 165 02 Prague 6, Czech Republic

Eukaryotic cell morphogenesis is an outcome of life processes
encompassing all cellular components, yet it became obvious that
small GTPases (especially those from Rho and Rab families) play
central co-ordination roles. 

Exocytosis is the major mechanism for morphogenesis in
plant cells; yet we know so little about some aspects of this
process, starting with exocytotic vesicle sources (TGN, endo-
somes) and mechanisms of their formation. The Rho/Rop GTPase
regulatory module is central for initiating exocytotically active
domains in plant cell cortex (ACD). Most plant cells exhibit sev-
eral distinct plasma membrane domains, established and main-
tained by endocytosis-driven membrane constituent recycling. We
propose the concept of  a "recycling domain" (RD), uniting the
ACD and the connected endosomal compartment, as a dynamic
spatiotemporal entity. We have recently described Rab and Rho
GTPases efector exocyst tethering complex in plant cells.
Especially due to the multiplicity of its Exo70 subunits, this com-
plex along with many RabA GTPases may belong to core regula-
tors of RD organization.

Structural phospholipids are important constituents of cell
as well as signals and phospholipid modifying enzymes are well
known effectors of small GTPases. We are studying phospholi-
pases D (PLD) and its product, phosphatidic acid, as regulators
of secretory pathway in plants. We show that antisense-mediated
knock-down of PLDβ1 and or PLDδ lead to time- and concentra-
tion-dependent inhibition of pollen tube growth. PLDβ1 is impli-
cated in the regulation of actin and microtubular cytoskeleton,
while PLDδ signaling possibly operates downstream of reactive
oxygen species. We have also shown that pollen specific NADPH
oxidases (another putative Rop GTPases effectors) are involved
pollen tube growth. Also in plant cells small GTPases are orches-
trating morphogenetic signalling pathways.

Grant support: GAAV-IAA601110916, GACR-522/09/P299, MSMT
LC06034 REMOROST, MSM0021620858 and MSMT Kontakt ME841.
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POTOCKÝ M. et al. 2007. Reactive oxygen species produced by NADPH
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9.4.
Phytochrome 3D structures and functions
Jon Hughes1, Jo Mailliet1, Georgios Psakis1,
Thierry Rohmer2, Jörg Matysik2, Wolfgang Gärtner3,
Lars-Oliver Essen4

1Plant Physiology, JLU, Giessen, Germany
2Institute of Chemistry, Leiden University, The Netherlands
3MPI for Bioinorganic Chemistry, Mühlheim, Germany
4Structural biochemistry, Phillips University, Marburg, Germany
jon.hughes@uni-giessen.de

The complete 3D sensory module structures of the Pr ground
state of Synechocystis phytochrome Cph1 (2VEA: Essen et al.,
2008, PNAS) and the unusual Pfr ground state of the bacterio-
phytochrome PaBph1 (3C2W: Yang et al., 2008, PNAS) have now
been solved, revealing an dumbbell-like form, with the PAS and
GAF domains forming the major, chromophore-bearing lobe and
the PHY domain the minor lobe. The PHY domain is structurally
related to the GAF family but carries an intriguing tongue-like
structure which contacts the major lobe. 

On the basis of these data and studies of site-directed
mutants it is possible to peer dimly into the mechanism of phy-
tochrome photoactivation and photochromicity at the atomic
level. Our 2VEA structure additionally shows the structural rela-
tionships for phytochromes in which the chromophore is cova-
lently linked to the GAF domain, as in plant phytochromes,
instead of the N-terminus as in the more primitive bacteriophy-
tochromes. The Pr and Pfr states are characterised by ZZZssa
and ZZEssa chromophore conformation, respectively. These D-
ring isomers are associated with tautomeric differences in sever-
al nearby tyrosine residues in the two 3D structures. Two salt
bridges on opposite sides of the chromophore seen in 2VEA are
differently organised in 3C2W, as are the associations of the C-
ring propionate. The extreme N-terminus and the tongue are also
quite different in the two structures. It is still unclear, however,
which of these structural differences are associated with bacte-
riophytochromes vs. Cph1 and plant type phytochromes, the
unusual 3C2W Pfr ground state functionality vs. the Pr ground
state and the Pr vs. Pfr photoisomerism. New solid-phase NMR
data for Cph1 in the Pr and Pfr states as well for as the lumiFR
and metaRc intermediates (Rohmer et al., submitted) reveal
unexpected changes in the chromophore during Pfr→Pr photo-
conversion, quite different from those expected for Pr→Pfr. The
current state of these studies will be presented and discussed.

9.5.
Nitric oxide and hydrogen peroxide signalling
Steven Neill, John Hancock and Ian Wilson
Centre for Research in Plant Science, Faculty of Health and Life
Sciences, University of the West of England, Bristol,
Coldharbour Lane, BS16 1QY Bristol, UK

Nitric oxide (NO) and hydrogen peroxide (H2O2) are now well-
established as endogenous signalling molecules in plants. They
are generated and removed by a variety of mechanisms, some of
which can be activated by various stimuli, including several plant
hormones, abiotic stresses and biotic interactions. Such stimuli
often appear to modulate the levels of both NO and H2O2 concur-
rently; in some cases NO generation is activated by H2O2; and NO
and H2O2 can react with each other. High concentrations of NO
and H2O2 can be damaging, but at lower levels they modulate a
range of intracellular processes with physiological and develop-
mental effects. They can react directly with proteins via oxidation
and nitrosylation, thereby modifying the activities and functions
of target proteins. They interact with a range of intracellular sig-
nalling pathways including reversible protein phosphorylation,
calcium signalling and gene expression. They have the potential to
move within and between cells and even over longer distances.
Thus, they are involved in signal cross-talk between various stim-
uli and can serve to integrate various functions in plants. In my
presentation I will outline the current models of NO and H2O2
turnover in plant cells and focus on the molecular mechanisms of
NO and H2O2 perception and action that underpin their biologi-
cal effects.
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9.6.
SnRK2's cellular partners: identification
and characterization 
Ewa Krzywińska, Maria Bucholc, Anna Jaworska, 
Anna Anielska-Mazur, Arkadiusz Ciesielski, Janusz Dębski,
Michał Dadlez, Grażyna Dobrowolska
Institute of Biochemistry and Biophysics, Polish Academy of
Sciences, Pawińskiego 5a, 02-106 Warsaw, Poland,
ekrzywinska@ibb.waw.pl, mjb@ibb.waw.pl, anja@ibb.waw.pl,
aam@ibb.waw.pl, arcad@ibb.waw.pl, jasio@ibb.waw.pl,
michald@ibb.waw.pl, dobrowol@ibb.waw.pl 

Plants respond to environmental stresses by induction of various
defense mechanisms. Stress signals are recognized and transmit-
ted to different cellular compartments by specialized signaling
pathways, in which protein kinases and phosphatases are the
main signaling components. The SnRK2 family members are
plant specific kinases considered as important positive regulators
of plant response to drought and salinity. There is also strong evi-
dence indicating that SnRK2s are involved not only in environ-
mental stress signaling but also in plant development. However,
information concerning the mechanism(s) regulating their activi-
ty is still limited. Results presented by several groups provide
proof that phosphorylation/dephosphorylation is responsible for
SnRK2 activation/inactivation, respectively. Therefore, we applied
several independent approaches (two-hybrid system, co-immuno-
precitation, in vitro pull down assay, as well as various biochem-
ical methods) to identify specific SnRK2 regulators, upstream
protein kinase(s), as potential SnRK2 activator(s) and phos-
phatase(s) – SnRK2 inhibitors. Nicotiana tabacum Osmotic
Stress Activated protein Kinase (NtOSAK) and its two closest
homologues from Arabidopsis thaliana (SnRK2.4 and
SnRK2.10) were used as bait. So far, we have identified two pro-
tein kinases phosphorylating NtOSAK and at least two different
protein phosphatases, which potentially can be involved in
SnRK2 inactivation. Moreover, during our search a plant specific
calcium sensor, which interacts with the SnRK2 family members
and can act as a negative regulator of their activity in plant cells,
was identified. The studies of identified proteins on SnRK2s
activity and their localization inside the cell are currently being
characterized.

9.7.
COP1 complex and COP9 signalosome (CSN)
regulate the chlorophyll biosynthesis
in Arabidopsis
Paweł Jedynak, Elżbieta Turek, Beata Myśliwa-Kurdziel,
Andrzej Waloszek, Przemysław Malec
Department of Plant Physiology and Biochemistry, Faculty of
Biochemistry Biophysics and Biotechnology, Jagiellonian
University, Gronostajowa 7, 30-387 Kraków, Poland

In plants, COP1 and CSN complexes serve as central components
of signalling pathways mediating the overall response of gene
expression to light (Strickland et al., 2006). 

In angiosperms, the light-triggered photoreduction of pro-
tochlorophyllide (Pchlide) to chlorophyllide (Chlide) has a key
role in the regulation of chlorophyll (Chl) biosynthesis. The
Pchlide pool with a fluorescence maximum at 655 nm, accumu-
lated preferentially in etiolated Arabidopsis seedlings, is denoted

as photoactive Pchlide and referred to as Pchlide655. This Pchlide
forms an aggregate built of at least two ternary complexes:
Pchlide:LPOR: NADPH (LPOR: Light-dependent Pchlide oxidore-
ductase)  and it can be immediately reduced to Chlide with short
(~ ms) illumination. The pool of Pchlide, which is not bound to
the active site of LPOR has a fluorescence maximum at 628-633
nm, and it is called non-photoactive form or short-wavelength
form (Pchlide633) (Masuda, 2008).

Using low-temperature fluorescence spectroscopy (at 77K)
and HPLC, we have examined mutants of constitutive photomor-
phogenic phenotype (5-days-old etiolated seedlings), bearing
lesions in COP1 (cop1-4) and some of CSN subunits: CSN8
(cop9), CSN7 (fusca5) and CSN1 (fusca6), with respect to Pchlide
forms and their photoconversions in situ. 

In all analyzed mutants the dominant Pchlide form was
Pchlide633. Also, both the lack of Pchlide655 and no Chlide forma-
tion after flash illumination indicated that functional
Pchlide:LPOR: NADPH complexes are absent in these mutants.
Upon illumination with continuous light, a subsequent degrada-
tion of Pchlide633 was observed in CSN mutants, whereas cop1-
4 was able to form Chlide normally. The formation of both Chl a
and Chl b was observed in cop1-4 mutant. In contrast, CSN
mutants overaccumulated Chl a in dim light (5 μmol m-2 s-1). Our
results indicate that both COP1 and CSN complexes are essential
for greening of Arabidopsis seedlings, playing partially overlap-
ping role in the control of chlorophyll biosynthesis.

REFERENCES:
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biosynthesis leading to chlorophylls. Photosynthesis Research
96: 121–143

STRICKLAND E, RUBIO V, DENG XW. 2006. The function of the cop/det/fus
proteins in controlling photomorphogenesis: a role for regulated
proteolysis. In: Schafer E, Nagy F [eds.], Photomorphogenesis in
Plants and Bacteria, 3rd ed., 357–378.
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9.8.
Real-time observation of light-induced
movement of nuclei in mature leaves
of transgenic tobacco
Anna Anielska-Mazur1,2, Halina Gabryś1

1Department of Plant Physiology and Biochemistry, Faculty
of Biochemistry, Biophysics and Biotechnology, Jagiellonian
University, Gronostajowa 7, 30-387 Krakow, Poland 

2Institute of Biochemistry and Biophysics, PAS, Pawińskiego 5a,
02-106 Warsaw, Poland

Plant nuclei move not only during cell division and growth but also
in response to light. Intracellular position of nucleus was reported to
depend on blue light (BL) in Arabidopsis thaliana leaves (Iwabuchi
et al., 2007)). In darkness, the nuclei were located at the center of the
mesophyll cell bottom. After irradiation with BL (100 μmol m-2 s-1)
they migrated towards light position, along the anticlinal walls.
Microfilaments cooperating with myosins were earlier postulated in
the dynamics of nuclei in Arabidopsis roots (Chytilova et al., 2000).
We studied light-induced nuclei movement in transgenic Nicotiana
tabacum with the actin cytoskeleton labelled with GFP fused to trun-
cated plastin, an actin bundling protein. These plants were previous-
ly used to study organisation of the actin cytoskeleton in light-
induced chloroplast responses (Anielska-MAzur and Gabryś, 2009).
The movements of nuclei in tobacco are based on the actin cytoskele-
ton. The nuclei are enclosed within fine-structured actin baskets con-
nected with thicker actin bundles. Live observations of nuclear
migration were performed in dark-adapted and blue- or red-light-
treated mesophyll. In the dark-adapted leaves nuclei were located at
the bottom of mesophyll cells. The same location of nuclei was
observed also in the cells irradiated with weak BL (1–2 μmol m-2s-1).
Upon irradiation with strong BL of 40 μmol m-2s-1 the nuclei migrat-
ed to the anticlinal walls. Dynamic interactions between nuclei and
the actin bundles were conspicuous during the relocation. In red light
the location of nuclei changed a little, but they did not attain the char-
acteristic light position. Also in this case, the connection between
nuclei and actin was maintained. Tracks for nuclei redistribution are
formed by the actin filaments similar to chloroplasts. 

REFERENCES:
IWABUCHI K, SAKAI T, TAKAGI S. 2007. Blue light-dependent nuclear posi-

tioning in Arabidopsis thaliana leaf cells. Plant Cell Physiology
48: 1291–1298.

CHYTILOVA E, MACAS J, SLIWINSKA E, RAFELSKI SM, LAMBERT GM,
GALBRAITH DW. 2000. Nuclear dynamics in Arabidopsis thaliana.
Molecular Biology of the Cell 11: 2733–2741.

ANIELSKA-MAZUR A. and GABRYŚ H. 2009. In vivo reorganization of the
actin cytoskeleton in leaves of Nicotiana tabacum L. trans-
formed with plastin-GFP. Correlation with light-activated chloro-
plast responses. BMC Plant Biology 9: 64.

9.9.
Expression of AtCLH1 and AtCLH2
is up-regulated by light
Agnieszka Katarzyna Banaś, Justyna Łabuz,
Olga Sztatelman, Halina Gabryś, Leszek Fiedor
Department of Plant Physiology and Biochemistry, Department
of Molecular Genetics, Faculty of Biochemistry, Biophysics and
Biotechnology, Jagiellonian University, Gronostajowa 7,
30-387 Kraków, Poland, leszek.fiedor@uj.edu.pl

Chlorophyllase (EC 3.1.1.14, Chlase) is a key enzyme involved in
chlorophyll catabolism. Its expression is influenced by several

phytohormones: ethylene, gibberelins and cytokinins, but up to
date, the involvement of light in the regulation of chlase amount
and/or activity has not been shown. 

Two chlorophyllase-coding genes: AtCLH1 and AtCLH2 have
been identified in Arabidopsis genome. In order to investigate the
influence of light on the level of mRNA of these two genes real-
time PCR was performed. We used leaves from 6 week-old wild
type Arabidopsis dark-adapted overnight and then illuminated
for 3 h. The expression of both genes was very low in the dark-
adapted plants. The (steady state) level of AtCLH1 mRNA
increased significantly after illumination with blue (40 μmolm-2s-1),
red (40 μmolm-2s-1), or white (120 μmolm-2s-1) light. In contrast,
the expression of AtCLH2 was up-regulated only by blue light.

To further identify photoreceptor(s) involved in regulation of
chlase genes by light we investigated leaves from 6 week-old pho-
toreceptor mutants (phot1, phot2, phot1/phot2, cry1, cry2,
cry1/cry2, phyA/phyB). The dark level of AtCLH1 mRNA was very
low and comparable in WT and the mutants. Up-regulation by red
light was found in all tested plants, while blue light acted similar-
ly in all but the phot2 mutant. This result points to the involve-
ment of phototropin2 in the up-regulation of AtCLH1 expression
by blue light. The up-regulation observed in the phot1/phot2 dou-
ble mutant suggests that cryptochromes substitute for phototropin
in the mutant.

The dark level of AtCLH2 mRNA was comparable in all, but the
cry1 and cry2 plants in which it was significantly lower. The expres-
sion of AtCLH2 was up-regulated only by blue light in WT, cry1 and
phyA/phyB plants. Illumination with red light lead to the increase of
AtCLH2 mRNA in phot1, phot2, phot1/phot2 and cry2 plants.
Neither blue, nor red light was effective in the cry1/cry2 double
mutant. Thus, both cryptochromes seem to bee necessary for up-
regulation of AtCLH2 expression by blue and red light. 

These results show the key role of light in control of proper
expression of chlases and a complex network of photoreceptors
cooperating in the regulation of AtCLH1 and AtCLH2 expression.

This work was supported by grant no PB N302 013 32/1505 from the
Polish Ministry of Science and Higher Education.

9.10.
Antioxidant system in apple seedlings
developed from dormant embryos pre-treated
by ROS or RNS
Karolina Czajkowska, Urszula Krasuska, Karolina Zielińska,
Agnieszka Gniazdowska, Renata Bogatek
Department of Plant Physiology, Warsaw University of Life
Sciences – SGGW, Nowoursynowska 159, 02-776 Warsaw, Poland,
keczajkowska@gmail.com, u.krasuska@gmail.com,
gniazdowska@gmail.com, renata_bogatek@sggw.pl

Reactive oxygen species (ROS) and nitric oxide (NO), one of  reac-
tive nitrogen species (RNS), play a regulatory role in the control
of plant growth and development, as well as plant response to dif-
ferent stresses. ROS (in particular H2O2) and NO are considered
as signalling molecules. There are several data that both of them
may function as dormancy braking agents in seeds, since they are
produced endogenously during early phase of seed germination.
Moreover, it was suggested that H2O2 and NO are necessary for
the control of the post-germination seedling growth by their  inter-
action with classical phytohormones.

Mature seeds of apple (Mallus domestica Borkh.) are dor-
mant and do not germinate unless their dormancy is removed by
several weeks of moist-cold stratification. Short term pre-treat-
ment of dormant apple embryo with H2O2 and NO donors  result-
ed in enhanced germination and removed morphological abnor-
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malities of young seedlings (e.g. asymmetric growth and greening
of cotyledons) (Gniazdowska et al., 2007). 

As the maintenance of cellular redox homeostasis requires a
balance between ROS/RNS production and scavenging, we investi-
gated activity of cellular antioxidant system in seedlings developed
from dormant embryos shortly pre-treated by NO donors and ROS
(H2O2). 

ROS and RNS pre-treatment of the embryos enhance activities
of ROS processing enzymes: superoxide dismutase (SOD), catalase
(CAT) and peroxidase (POX) in 10 days old seedlings. However,
seedlings developed from dormant (untreated) embryos were char-
acterized by slightly higher glutathione reductase (GR) activity.  ROS
and  NO pre-treatment enhanced also ascorbic acid concentration
and the ratio of GSH/GSSG in both cotyledons of young seedlings. 

The presented results allow us to create a comprehensive
view of the mechanism of ROS-and RNS-dependent dormancy
alleviation on development and growth of the young seedlings.
The interaction between ROS, RNS, and other signalling mole-
cules e.g. HCN in regulation of these processes will be discussed.

Work was financed by Ministry of Science and Higher Education grant
no NN303 090534. 
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9.11.
Abscisic acid inhibits flowering of Pharbitis nil
through stimulation of ethylene production
Kamil Frankowski, Brygida Świeżawska, Tomasz Turowski,
Emilia Wilmowicz, Paulina Glazińska, Jacek Kęsy,
Jan Kopcewicz
Department of Physiology and Molecular Biology of Plants,
Institute of General and Molecular Biology, Nicolaus Copernicus
University, Gagarina 9, 87-100 Torun, Poland, 
kamil.frankowski@umk.pl  

Although, recent results showed an important role of the FT protein
in the photoperiodic flower induction, many experiments indicate
that plant hormones may also be involved in the generation, trans-
port or activity of the floral stimulus. ABA, widely considered as a
plant growth inhibitor, can both promote and inhibit flowering in
short day plant Pharbitis nil, depending on the time and place of its
application. Inhibition of flowering is observed when ABA is applied
at the beginning of a full inductive 16-h long dark period. In this
study, we have shown that application of ABA is associated with the
increase in both ethylene production, and stimulation of ACSs and
ACOs, the genes involved in biosynthesis of ethylene, which is con-
sidered as another flowering inhibitor in Pharbitis nil. The increase
in ethylene production observed between hours 3 (45%) and 8
(181%) after ABA treatment is correlated with an increase in
PnACS1 and PnACS2, as well as PnACO1 and PnACO3 transcrip-
tional activity. The raise of the PnACS1 and PnACS2 mRNA levels
was observed between hours 2 and 4 after ABA application. Next,
PnACS1 transcript level gradually decreased and reached its mini-
mum at hour 24, while PnACS2 mRNA lowered at hour 6 and then
increased again at hours 16-18. Treating Pharbitis nil seedlings with
ABA also caused an increase in the mRNA level of PnACO1 and
PnACO3 genes but their maximal values were shifted in relation to
ACSs'. In the subsequent hours of 24-h cycle, their transcripts accu-
mulation decreased gradually to reach the value comparable to the
level observed in untreated plants. 

On the basis of the data obtained here we suggest that
abscisic acid inhibition of Pharbitis nil flowering occur through a
stimulation of ethylene production.

9.12.
miR172 and its target gene InAPETALA2-like
are putative involved in the flower
development of Pharbitis nil (Ipomoea nil)
Paulina Glazińska, Hanna Kolas, Agnieszka Zienkiewicz,
Waldemar Wojciechowski, Krzysztof Jaworski,
Emilia Wilmowicz, Kamil Frankowski, Jacek Kęsy,
Jan Kopcewicz 
Department of Physiology and Molecular Biology of Plants,
Nicolaus Copernicus University, Gagarina 9, 87-100 Toruń,
Poland, pnowa@umk.pl 

miRNAs are 21 to 24 nt long single-stranded RNAs that act to neg-
atively regulate the expression of their target genes. The miR172
is involved in the regulation of flowering time and floral organ
identity in Arabidopsis thaliana by regulation of APETALA2-like
genes' activity (Aukerman and Sakai, 2003; Jung et al., 2007). In
our study a full-length cDNA encoding InAPETALA2-like tran-
scription factor was isolated from cotyledons of morning glory
(Ipomoea nil named also Pharbitis nil), a model short day plant.
The identified sequence shows a significant similarity to the cDNA
of TOE1 from A. thaliana and contains nucleotides complemen-
tary to miR172. A direct role for miR172 in reducing InAP2-like
mRNA level was demonstrated by the identification of InAP2-like
cDNA fragments whose 5' termini are consistent with products
expected from miR172-directed mRNA cleavage (Glazińska et al.,
in publish). The aim of this work was to investigate the involve-
ment of miR172 and its target gene indentified here InAP2-like
during flower organs development of Pharbitis nil. We indicated
that miR172 is expressed in all the plant organs examined with
the highest accumulation in flower tissues. At the same time
InAP2-like mRNA was detected in these tissues in much lower
level. Additionally, microRNA and InAP2-like transcripts are pre-
sented during all stamen and pistil development of P. nil. In situ
hybridization in flower tissues showed the presence of InAP2-like
mRNA especially in the cytoplasm of anthers and stigma papillae
cells. Our results suggest the potential involvement of miR172
and InAP2-like in the regulation of flower development in P. nil.
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9.13.
Recombinant expression and purification
of novel cystatin from Triticale
Joanna Głos1, Mariusz Krawczyk2, Wiesław Bielawski1
1Department of Biochemistry, Warsaw University of Life sciences,
Nowoursynowska 159, 02-787 Warsaw, Poland,
1asiagl1@wp.pl

2Department of  Protein Biosynthesis, Institute of Biochemistry
and Biophysics PAS, Pawińskiego 5a, 02-106 Warsaw, Poland,
mkraw@ibb.waw.pl

Phytocystatins are cysteine proteinase inhibitors from plants
implicated in endogenous regulation of protein turnover, pro-
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grammed cell death and in defense mechanisms against
pathogens. These inhibitors may protect developing seeds of
Triticale from pre-harvest sprouting since some of them are syn-
thesized before accumulation of storage proteins. 

The full-length cDNA encoding novel cystatin named Trc4 was
received by 5' 3' RACE method. The ORF of Trc4 was subcloned
and expressed in Escherichia coli using pET 28 expression vec-
tor. The pure recombinant protein was obtained by affinity chro-
matography in a single step of purification. The recombinant pro-
tein of Trc4 significantly decreased activity of papain. These
results encourage to study activity of Trc4 against endogenous
cysteine proteases responsible for pre-harvest sprouting during
maturation of Triticale seeds.

9.14.
Interaction between HCN and ROS
in the alleviation of apple embryo dormancy 
Agnieszka Gniazdowska, Urszula Krasuska,
Karolina Czajkowska, Karolina Bosa, Renata Bogatek
Department of Plant Physiology, Warsaw University of Life
Sciences – SGGW, Nowoursynowska 159, 02-776 Warsaw, Poland,
gniazdowska@gmail.com, u.krasuska@gmail.com,
keczajkowska@gmail.com, renata_bogatek@sggw.pl

Mature apple (Malus domestica Borkh.) seeds are dormant and
they do not germinate. Their dormancy may be overcome by 3
month long cold stratification or by short term application of
exogenous hydrogen cyanide (HCN) to isolated embryos. Apple
seeds contain a great amount of cyanogenic compounds (amyg-
dalin, prunasin) realizing free cyanide in the early phase (10–14
days) of cold stratification (Dziewanowska et al., 1979).  

The aim of this work was to compare  the mode of action of
ROS in dormancy removal by cold stratification and HCN pre-
treatment. The stimulatory effect of cyanide on germination of
dormant embryos is associated with marked increase in hydro-
gen peroxide  (H2O2) and superoxide anion (O2

-) concentration
mainly in the embryo axes, and is also mimicked by short pre-
treatment by H2O2 or ROS generating compounds. We observed
changes in ROS (H2O2 and O2

-) concentration in the embryos dur-
ing stratification. It was relatively low at the beginning of cold
stratification but increased markedly after 30 days of seeds  imbi-
bitions in 5°C.  After additional two months of cold stratification
ROS concentration in the embryos was detected at the level
observed for HCN pre-treated embryos.  

We suggest that oxidative signaling by ROS, as second mes-
sengers of cyanide, may explain the cellular mode of action of
HCN in apple seed dormancy alleviation.
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9.15.
Primary assessment of α-amylase gene
expression dependence upon somatic embryos
vigor in Medicago sp.
Ewa Kępczyńska, Rafał Igielski
Department of Plant Physiology and Biotechnology, University of
Szczecin, Wąska 13, 71-415 Szczecin, ekepcz@wp.pl,
rafal.igielski@gmail.com

Somatic embryo quality is an important factor decisive for the
efficiency of somatic embryogenesis. In our previous experiments

we suggested that α-amylase activity can be considered a good
vigor marker of Medicago sativa somatic embryos (1). In this
study we would like to check α-amylase gene expression during
germination of somatic embryos in presence of gibberellic acid
(GA3) and ancymidol (inhibitor of gibberellins biosynthesis). At
first we performed an alignment of known plant α-amylase amino
acid sequences and utilizing highly conserved regions designed
degenerate primers. Subsequently PCR products after sequencing
and in silico verification were basis for new set of primers. As a
positive control of primer specificity we used RNA extracted from
Medicago sativa seeds 24 hours after imbibitions. For analysis
we used somatic embryos obtained by using modificated
McKersie method (2). RNA was isolated from embryos germinat-
ed on solid MS medium with GA3 and ancymidol and after cDNA
synthesis and PCR, products were visualized on 1% agarose gel.
All data were standardized to Ubiquitin and Actin2 genes. The
obtained results serve estimation of α-amylase activity based
assay usefulness to somatic embryos vigor assessment. 
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9.16.
The release of primary dormancy in Avena
fatua L. caryopses
Jan Kępczyński1, Danuta Cembrowska1, 
Johannes Van Staden2

1Department of Plant Physiology, University of Szczecin,
Wąska 13, 71-415 Szczecin, Poland, jankepcz@wp.pl

2Research Centre for Plant Growth and Development, University
of KwaZulu-Natal Pietermaritzburg, Private Bag X01,
3209 Scottsville, South Africa, rcpgd@ukzn.ac.za

Smoke and aqueous smoke extracts stimulate seed germination
and improve seedling vigor in a wide variety of plants. The
butenolide, 3-methyl-2H-furo[2,3-c]pyran-2-one has been isolated
from plant derived-smoke. This compound has a stimulatory
effect on seed germination and seedling growth similar to that of
smoke or aqueous extracts of smoke.

The present study was undertaken to elucidate the role of
butenolide in releasing primary dormancy in Avena fatua cary-
opses. Caryopses of  Avena fatua germinated partially at 15°C
but almost not at 20 and 25°C. In the presence of smoke-water or
butenolide caryopses germinated at all temperatures. Seedling
growth was also affected. Ethephon, ethylene and ACC did not
affect caryopses germination at 20°C. Butenolide stimulated eth-
ylene production and enhanced ACC oxidase activity in vivo
before radicle protrusion. 

2,5-norbornadiene, a competitive inhibitor of ethylene bind-
ing, completely prevented the action of butenolide over 3 days of
incubation. The inhibition was partially or completely relieved,
depending on concentration of norbornadiene, when these seeds
were transferred to air. Ethephon, ethylene or ACC overcame the
inhibitory effect of 2,5-norbornadiene in the presence of buteno-
lide. Butenolide increased α-amylase activity before radicle pro-
trusion. Likewise, this compound induced an increase in the pro-
portion of cells with 4C amounts of DNA and increased the ratio
of G2/G1 after 30 hours of imbibition at 20°C. The presented
results indicate that butenolide is a very active dormancy break-
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ing factor involved in mobilization of stored reserve materials and
in induction of cell cycle activities. The release of dormancy by
butenolide appears to involve ethylene action.

The study was partially supported by the Ministry of Science and
Higher Education grant No. 505-241000-0894.

9.17.
Effect of stratification, ethephon, gibberellin
A3, nitric oxide donors and cyanide donors
on germination of primary dormant
Amaranthus retroflexus L. seeds
Jan Kępczyński, Paweł Sznigir
Department of Physiology and Biotechnology of Plants, Faculty
of Natural Science, University of Szczecin, Wąska 13,
71-415 Szczecin, Poland, jankepcz@wp.pl,
don_paolo@poczta.onet.pl

Seeds of Amaranthus retroflexus L. after harvest are in deep pri-
mary dormancy. Dry storage or exogenous plant growth regula-
tors break primary dormancy in these seeds. 

The aim of this study was to check the response of
Amaranthus retroflexus L. to stratification, ethephon, gibberellin
A3 and nitric oxide and/or cyanide donor as dormancy breaking
reagent. As nitric oxide and cyanide donor sodium nitroprusside
(SNP) was used. S-nitroso-N-acetyl-DL-penicillamine (SNAP) and
nitroglycerin (NTG) were used as nitric oxide donors and potas-
sium ferrocyanide as cyanide donor. These donors need light to
release proper compounds. Germination of stratified seeds, and
dormant seeds after ethephon or gibberellin treatment was tested
in the darkness at 25°C and 35°C. Germination test with donors
was conducted under light (intensity 120 μEm-2s-1, photoperiod
16h day/8h night) and 25°C. 

Dormant seeds after harvest did not germinate at 25°C and
35°C in the dark. Cold stratification for 16 weeks partially
released dormancy at 25°C and only 20% of seeds germinated. At
35°C primary dormancy was almost completely released and ca.
70% of seeds were able to germinate. Ethephon slightly increased
germination at 25°C and at 35°C to 20 and 40% of seeds respec-
tively. Gibberellin A3 did not break dormancy at 25°C and at 35°C
only 30% seeds germinated.

Dormant seeds incubated on the light in presence of water
germinated from 5 to 18%. Sodium nitroprusside caused more
than 40% of seeds to germinate after one day of treatment.
Prolonged treatment (three days) resulted in 60% germination.
Potassium ferrocyanide had similar effect to SNP in dormancy
breaking. S-nitroso-N-acetyl-DL-penicillamine had no effect on
dormancy release irrespective of time of treatment because ger-
mination was similar to dormant seeds. Nitroglycerin caused par-
tial dormancy release, only 35% of seeds were germinated. DL-
dithiothreitol used as inhibitor of nitric oxide receptor and N-
(omega)-Nitro-L-Arginine (L-NAME), which is inhibitor of nitric
oxide synthase, has no effect on seed germination in the presence
of nitric oxide and cyanide donors.

9.18.
Involvement of ROS and RNS in photosynthetic
activity of young apple seedlings developed
from dormant embryos
Urszula Krasuska, Karolina Czajkowska,
Agnieszka Gniazdowska, Renata Bogatek
Department of Plant Physiology, Warsaw University of Life
Sciences – SGGW, Nowoursynowska 159, 02-776 Warsaw, Poland,
u.krasuska@gmail.com, keczajkowska@gmail.com,
gniazdowska@gmail.com, renata_bogatek@sggw.pl,

Reactive oxygen species (ROS) and reactive nitrogen species
(RNS) are bioactive molecules that play important roles in diverse
processes in plants. Both of them are involved in regulation of
plant growth and development, stomata movement, responses
against a variety of stresses. Moreover ROS and RNS are identi-
fied as endogenous metabolite in biological system and are pro-
posed to act in similar signal transduction pathways.   

Dormant apple (Malus domestica Borkh.) embryos were
shortly pre-treated by HCN, H2O2 and different donors of NO
(SNP, acidified nitrite). It was reported before that ROS and RNS
act as signaling molecules leading to dormancy alleviation,
expressed as stimulation of germination and elimination of mor-
phological anomalies typical for the seedling developed from dor-
mant embryos (asymmetric growth and greening of cotyledons)
(Bogatek and Gniazdowska, 2006). 

The aim of this study was to investigate some aspects of pho-
tosynthetic metabolism in young, 10 days old seedlings developed
from dormant embryos shortly pre-treated by ROS and RNS. 

Photosynthetic activity (measured as O2 evolution) of the
seedlings grown from embryos pre-treated by ROS and RNS was
higher than in control once. The beneficial effect of ROS and RNS
on photosynthetic activity of young seedlings was associated with
increased chlorophyll concentration as well as reducing sugar
and starch concentration in both (upper and lower) cotyledons.
Treatment by HCN and NO did not induce significant changes in
Rubisco content detected by SDS-PAGE, while H2O2 slightly
decreased Rubisco concentration, probably by extent protein oxi-
dation. The chlorophyll a fluorescence measurement indicated
that short treatment of the embryos by ROS and RNS did not pro-
duce a severe effect on photochemical efficiency of PSII.

This work was financed by Ministry of Science and Higher Education
grant no NN303 390436.
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9.19.
The GFP-FABD2 fusion protein is unsuitable
for visualizing the actin cytoskeleton
in Arabidopsis thaliana mature leaves
Justyna Łabuz, Weronika Krzeszowiec, Maciej Szuryn,
Halina Gabryś
Faculty of Biochemistry, Biophysics and Biotechnology,
Jagiellonian University, Gronostajowa 7, 30-387 Kraków, Poland,
justyna.sojka@uj.edu.pl, gabrys@uj.edu.pl

One of the most difficult technical problems in cell biology is the
visualization of the actin cytoskeleton in cells. The widely used
GFP-FABD2 fusion protein, derived from the C-terminal part of
Arabidopsis fimbrin 1 [1,2,3] is considered as one of the best
tools for studying actin architecture in living plants. Stable trans-
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formation of Arabidopsis with this construct does not cause any
phenotypic changes or alterations in phototropic and gravitropic
responses [3]. Moreover, GFP-FABD2 enables visualization of
very detailed F-actin structures in practically all cell types of
Arabidopsis seedlings [3]. Our results show however that this
system is inadequate for studying F-actin networks in mature
leaves of Arabidopsis thaliana. A characteristic time-course of
loss of GFP fluorescence was observed under the confocal micro-
scope for all plants carrying this fusion protein. This was an age-
dependent effect. Detailed studies at the mRNA (semi-quantitative
PCR) and protein (Western Blots) level revealed a sudden
decrease of GFP-FABD2 expression in leaves after the third week
of plants' growth. Moreover, a similar decline in mRNA level was
observed also for the natural fimbrin 1 in the transgenic plants.
This phenomenon was not observed in wild type Arabidopsis. A
plausible explanation is the occurrence of RNA silencing triggered
by the introduction of the GFP-FABD2 construct. Therefore,
transgenic Arabidopsis, which carries GFP-FABD2, is not a good
model system for the visualization of actin cytoskeleton in leaves
of mature plants.
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9.20.
Cloning of PnCDPK1 into bacterial expression
vector and purification of the recombinant
protein
Agnieszka Pawełek, Krzysztof Jaworski,
Adriana Szmidt-Jaworska, Jan Kopcewicz
Nicolaus Copernicus University, Institute of General and Molecular
Biology, Department of Physiology and Molecular Biology
of Plants, Gagarina 9, 87-100 Toruń, Poland,
pawaga@stud.umk.pl, jaworski@biol.uni.torun.pl,
asjawors@biol.uni.torun.pl, kopcew@biol.uni.torun.pl

Ca2+-dependent protein kinases (CDPKs) are vital Ca2+-signaling
proteins in plants and protists which have both a kinase domain
and a self-contained calcium regulatory calmodulin-like domain.
Previous reports show isolation and molecular characterization of
PnCDPK1 gene from Pharbitis nil seedlings. Here, we present
cloning and purification of a recombinant protein kinase PnCDPK1.
To obtain purified recombinant protein the pGEX-PnCDPK1 plas-
mid construct contained the glutathione S-transferase (GST)
sequence joined to 5' coding region of the PnCDPK1 cDNA was
made. ORF region of PnCDPK1 gene was subcloned, transformed
and expressed in Escherichia coli. GST-PnCDPK1 fusion protein
was purified by affinity chromatography using glutathione immobi-
lized to a Sepharose matrix. Analysis of recombinant proteins by
SDS-PAGE show the 85 kDa size of the purified fusion protein cor-
responded to the molecular weight of GST (27 kDa) and PnCDPK1
(58 kDa). Presence of GST tag was proved using monoclonal anti-
GST antibodies. Cleavage of PnCDPK1 protein from GST was con-
ducted on-column using a site-specific protease. Immunoblot analy-
sis with polyclonal antibodies made against the calmodulin-like
domain of soybean CDPK confirm that the studied PnCDPK1 kinase
isolated from Pharbitis nil is a typical CDPK. 

9.21.
The expression of somatic embryogenesis 
receptor-like kinase 1 (TnSERK1) during 
somatic embryogenesis in Trifolium nigrescens
Viv
Maria Pilarska1, Jan Salaj2, Filip Bartnicki3,
Przemysław Malec3, Robert Konieczny1

1Department of Plant Cytology and Embryology, Jagiellonian
University, Grodzka 52, 31-044 Kraków, Poland,
m.pilarska@iphils.uj.edu.pl 

2Institute of Plant Genetics and Biotechnology, Slovak Academy
of Sciences, Akademicka 2, P.O. Box 39A, 950 07 Nitra 1,
Slovak Republic 

3Department of Plant Physiology and Biochemistry, Jagiellonian
University, Gronostajowa 7, 30-387  Kraków, Poland

Somatic embryogenesis (SE) is the development of embryos from
somatic cells. In recent years several genes involved in somatic
embryogenesis were identified. One of them is SOMATIC
EMBRYOGENESIS RECEPTOR-LIKE KINASE1 (SERK1), encod-
ing a receptor-like protein kinase, containing leucine-rich repeat.
This gene was initially identified in carrot embryogenic tissue cul-
ture. An enhanced SERK1 expression was detected in somatic 
D. carota embryos (from induction phase to globular stage) as
well as during zygotic embryogenesis (Schmidt et al., 1997).
SERK1 gene is considered as a molecular marker of embryogenic
competent cells although its function during somatic embryogen-
esis is still not known (Ikeda et al., 2006). The analysis of SERK1
gene expression can help to distinguish between somatic embryos
and shoots at early stages of development. 

To study the relationship between somatic embryogenesis in
Trifolium nigrescens Viv. and the expression of TnSERK1 the in
situ hybridization was performed. SE was induced by the cultur-
ing of T. nigrescens zygotic embryos on solid medium supple-
mented with growth regulators (auxin and cytokinin). The 322 bp
sequence fragment of TnSERK1, amplified from T. nigrescens
genomic DNA has been cloned into pJET1.2/blunt plasmid
(Fermentas, LT). This construct was used to synthesise both
sense and antisense DIG-labeled RNA probes. The TnSERK1
transcripts were localized in sections of explants with somatic
embryos at different stages of development formed after 7 days of
culture. TnSERK1 transcripts were detectable in cytoplasm and
nuclei of small meristematic cells, the emerging and fully devel-
oped somatic embryos but also in embryo-like structures. These
results suggest the possible involvement of SERK1 gene in induc-
tion and maintenance of embryogenic competence in 
T. nigrescens. 

REFERENCES:
SCHMIDT EDLL, GUZZO F, TOONEN MAJ and DE VRIES SC. 1995. A

leucine-rich repeat containing receptor-like kinase marks somat-
ic plant cells competent to form embryos. Development 124:
2049–2062.

IKEDA M, UMEHARA M, and KAMADA H. 2006. Embryogenesis-related
genes; Its expression and roles duringsomatic and zygotic
embryogenesis in carrot and Arabidopsis. Plant Biotechnology
23: 153–161. 

September 21–25, 2009, Kraków, PolandINTEGRATING PLANT FUNCTIONS VIA SIGNALING MOLECULES-MOLECULAR MECHANISMS

119Vol. 51, suppl. 2, 2009



9.22.
Effect of C and N metabolites on nitrate uptake
and expression of genes encoded nitrate
transporters in Arabidopsis thaliana hxk1
mutant
Małgorzata Reda, Łukasz Kamiński
Department of Plant Physiology, Institute of Plant Biology,
Wrocław University, Kanonia 6/8, 50-328 Wrocław, Poland,
redam@biol.uni.wroc.pl 

Uptake of nitrate by plant roots is a key step of nitrogen metabo-
lism and has been widely studied at the physiological and molec-
ular level. So far two distinct NO3

- transport systems with high
(HATS) or low (LATS)  affinity to the substrate encoded by NRT2
and NRT1, respectively, were identified in plants. The activities of
those systems are tightly controlled by different endogenous mol-
ecules such as sugars and amino acids. It is well known that
incorporation of inorganic N into organic compounds requires
carbon skeletons derived from photosynthesis. Feeding of plants
with sugars stimulates nitrogen assimilation, but the transduc-
tion of sugar signal is still not clear. Also the final products of N
assimilation  affect nitrate uptake to prevents of both the exces-
sive utilization of storage carbohydrates and accumulation of
toxic products of N assimilation. 

The aim of this study was to characterize the HATS nitrate
transporters regulation under selected photosynthates and N
metabolites treatment. The experiments were done on 6 weeks
old wild Arabidopsis thaliana and hxk1 mutant disordered in
glucose signaling. Plants were grown for 5 weeks on nitrate nutri-
ent solution and than one week in N-free solution. Nitrate uptake
as well as expression of two NRT2.1 and NRT2.2 genes encoding
HATS nitrate transporters were measured during 8 hours expo-
sition of starved plants to 0.5 mM NO3

- with or without sugars
(glucose and sucrose) or amino acids (glutamine and glutamic
acid).

Addition of sugars into the nitrate solution significantly
increased the NO3

- uptake by wild as well as hxk1 Arabidopsis
plants. Stimulation was maximal after first 2 hours of sugar treat-
ment and then slightly dropped. The changes in the NO3

- uptake
rate were correlated with the level of NRT2.1 and NRT2.2 gene
expression. Opposite effects were observed in plants treated with
glutamine or glutamic acid. The NO3

- uptake decreased in WT as
well as in hxk1 plants. Concluding, presented data suggest, that
nitrate uptake by roots in high affinity range as well as the expres-
sion of genes encoding nitrate transporters with high affinity to
the substrate are regulated by C and N metabolites. Similar effect
of sugar observed in wild type and hxk1 mutant plants suggests
that transduction of sugar signal is not mediated via AtHXK1
sensing-dependent pathway. 

9.23.
What do we know about sink effect
of cytokinins in plants?
E.S. Ron'zhina
Department of Agronomy, Faculty of Bioresources and Nature
Management, Kaliningrad State Technical University, 
Sovietsky av. 1, 236022 Kaliningrad, Russia, ron-box@mail.ru

Sink-source relationship is the main integrating factor in plants.
Cytokinins play an important role in sink-source regulation. In
particular they increase sink capacity of plant tissues, inducing
re-orientation of assimilate transport and partitioning of towards

cytokinin-riched tissues and enhancing of accumulation or
metabolisation of organic substances in sinks. 

In order to study the mechanism of sink effect of cytokinins
we used model systems (detached leaves, locally treated by
cytokinin benzyladenine) and intact plants. Our results let us to
conclude that sink effect of cytokinins is connected with the acti-
vation of growth and metabolism in sinks → reducing low-molec-
ular-weight substances → removing of assimilates from a phloem
and increasing of an osmotic potential in sinks → declining pres-
sure at the end of transport system → stimulating assimilate
inflow to sinks. The same processes provide integration of differ-
ent organs and transform a plant into well-balances sink-source
system.

9.24.
Tyrosine phosphorylation modulates
organization of cortical microtubules
in Arabidopsis root cells  
Yarina Sheremet, Alla Yemets, Yaroslav B. Blume
Institute of Food Biotechnology and Genomics, Osipovskogo 2a, 
123 Kiev, Ukraine, alyemets@univ.kiev.ua 

Protein kinases and protein phosphatases regulate a number of
processes in eukaryotic cells through controlling of protein phos-
phorylation level on serine/threonine residues as well as tyrosine
residues. Recently it was demonstrated that both α- and β-sub-
units of plant tubulin, the main structural component of micro-
tubules (MTs), undergo phosphorylation on tyrosine residue
(Blume et al., 2008). However, a possible functional role of this
post-translational tubulin modification with impact on MTs
organization and stability in different types of plant cells remains
an open issue to date. To investigate the role of tyrosine phos-
phorylation/dephosphorylation processes in plant cells the mor-
phology of Arabidopsis thaliana primary roots and MTs organi-
zation in different types root cells were studied after inhibition of
protein tyrosine kinases (PTKs) and tyrosine phosphatases
(PTPs). Effects of inhibitors were examined in vivo on A. thaliana
line expressing GFP-MAP4 using confocal laser scanning
microscopy (LSM 510 META, Carl Zeiss, Germany).

It was found that all tested types of PTKs inhibitors (her-
bimycin A, genistein and tyrphostin AG 18) altered root hair
growth and development, probably as a result of their significant
influences on MTs organization in root hairs. The treatment also
led to MTs reorientation and disruption in epidermis and cortex
cells of both elongation and differentiation zones of primary
roots. Enhanced tyrosine phosphorylation after treatment with a
PTPs inhibitor (sodium orthovanadate) resulted in intense induc-
tion of root hair development and growth and caused a significant
shortening of the elongation zone. It also led to changes of MTs
orientation from transverse to longitudinal in epidermis and cor-
tex cells of the elongation and differentiation zones of the root. We
can summarize that our results suggest the involvement of tyro-
sine phosphorylation/dephosphorylation processes in the regula-
tion of growth and development of A. thaliana roots as well as in
the regulation of overall MTs organization in different cell types.

REFERENCES:
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DRABER P. 2008. Evidence of tyrosine phosphorylation of plant
tubulin, Planta 228: 1–8.
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9.25.
Inhibitors of protein phosphatases block
chloroplast relocations in Arabidopsis
thaliana
Olga Sztatelman, Halina Gabryś
Department of Plant Physiology and Biochemistry, Faculty
of Biochemistry, Biophysics and Biotechnology, Jagiellonian
University, Gronostajowa 7, 30-387 Kraków, Poland,
olga.sztatelman@uj.edu.pl, halina.gabrys@uj.edu.pl

Chloroplasts move in response to incident light in numerous
plant species including Arabidopsis thaliana. Upon weak irradi-
ation they gather at the cell walls perpendicular to the light direc-
tion (accumulation response), thereby maximizing light absorp-
tion. Upon strong light chloroplasts relocate to the cell walls par-
allel to the light direction (avoidance response). This response is
considered a photoprotective mechanism. In Arabidopsis, chloro-
plast responses are elicited only by blue light and the sensor pro-
teins involved are phototropins. Phototropin 2 alone controls the
avoidance response, whereas both phototropins control the accu-
mulation response. So far, little is known about subsequent sig-
naling pathways leading to activation of the movement.

Protein phosphatase inhibitors were found to affect two other
phototropin-controlled responses: phototropism and blue light-
induced opening of stomata. For phototropism, they were found
to block de-phosphorylation of NPH3, the scaffold protein known
to be involved in the phototropism signaling (Pedmale and
Liscum, 2007). High inhibitor concentrations required suggest
the involvement of protein phosphatase 1 (PP1).

In this study we tested the influence of two protein phos-
phatase inhibitors, endothall and cantharidin, on chloroplast
movement. Infiltration of leaves with 50 μM cantharidin blocked
chloroplast relocations completely. Both velocity and amplitude
of chloroplast responses were reduced in leaves treated with 5 μM
cantharidin. Prolonging the preincubation time resulted in a
more severe effect. Similar effects were observed for 60 μM
endothall. Our results suggest that a signaling mechanism simi-
lar to NPH3 de-phosphorylation can be responsible for chloro-
plast movement. A group of homologous genes, present in
Arabidopsis genome encodes the NPH3/RPT2 family of proteins,
mostly of unknown function. We speculate that some of these pro-
teins may be targets of protein phosphatase in the signaling path-
way leading to chloroplast relocations. 

REFERENCES:
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Arabidopsis via phosphorylation state changes in the pho-
totropin 1-interacting Protein NPH3. The Journal of Biological
Chemistry 282: 19992–20001.

9.26.
Interactions between abscisic acid
and gibberelline GA3 in the regulation
of flowering of Pharbitis nil
Emilia Wilmowicz, Kamil Frankowski, Paulina Glazińska,
Jacek Kęsy, Jan Kopcewicz
Department of Physiology and Molecular Biology of Plants,
Institute of General and Molecular Biology, Nicolaus Copernicus
University, Gagarina 9, 87-100 Torun, Poland, emwil@umk.pl  

Flowering of plants is controlled by hormones among which both
stimulators and inhibitors are present. Natural balance between
these substances decides about direction of plant differentiation.
There are only few papers concerning the role of hormone inter-

actions in flowering. Data presented here concerns the interaction
between abscisic acid (ABA) and gibberellin (GA3) in the regula-
tion of flowering of short day plant Pharbitis nil. In many physio-
logical processes interaction between ABA and GAs is governed
by the same molecular mechanism, which relies upon opposite
effect both of the hormones on stability of DELLA proteins, which
are the repressors of GAs responses (Weiss and Ori, 2007). Thus,
interesting question was: Does interaction between ABA and GAs
really take place during the transition from vegetative to repro-
ductive phase in Pharbits nil?

Exogenous ABA applied on the cotyledons just before or dur-
ing the first half of the inductive 16h-long night inhibited flowering.
In this conditions the seedlings produced about 80% flower buds
less than the control plants. GA3 applied during the inductive night
period did not influenced on flowering ability in Pharbitis nil, how-
ever the increased number of flower buds per plant was observed
when plants were cultivated in subinductive conditions (12 h of
darkness). Application of GA3 just before and during the inductive
night reversed the inhibitory effect of abscisic acid on flower bud
formation. These results suggest that interactions between abscisic
acid and GAs may play a significant role in photoperiodic flower
induction in short day plant Pharbitis nil.

REFERENCES:
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9.27.
Involvement of cortical microtubules in nitric
oxide donor and scavenger influence
on Arabidopsis thaliana root development  
Alla Yemets, Yulia Krasylenko, Yarina Sheremet,
Yaroslav Blume 
Department of Genomics and Molecular Biotechnology, Institute
of Food Biotechnology and Genomics, NAS of Ukraine, 
2a Osipovskogo str., Kiev, 04123, Ukraine, alyemets@univ.kiev.ua  

Various experimental data indicate signaling roles of nitric oxide
(NO) in plant cell by mediating growth, flowering, root formation,
seed germination, stomatal closure, gravitropic responses as well
as disease and abiotic stress tolerance. However, it still remains
unclear how NO signal is transduced, particularly directly
through posttranslational modifications of downstream effec-
tors of NO. Among candidates for NO-signal transduction are
microtubules because of their involvement in regulation of dif-
ferent physiological processes in plants. α-Tubulin tyrosine
nitration could realize direct NO signalling via microtubules in
plants because in animal cells α-tubulin is one of crucial targets
for C-nitration of tyrosine residues. Thus, the presence and
functional role of plant tubulin tyrosine nitration have to be elu-
cidated. 

Effects of SNP (NO donor) and c-PTIO (specific NO scavenger)
on primary root morphology and cortical microtubules organiza-
tion in root cells of Arabidopsis thaliana line expressing (GFP-
MAP4) were studied. Short-time treatments (1–6 h) with donor
and scavenger separately in different concentrations revealed no
appreciable effects. Root hair initiation in differentiation zone and
further hair growth were activated after SNP treatment at con-
centrations 250 and 500 μM during 24 h, After 48–72 h of treat-
ment, lateral and adventitious roots formation was triggered.
Alterations of primary root morphology correlated with reorgani-
zation of cortical microtubules in epidermal cells of different root
zones, where they became randomized, oblique or longitudinal.
As distinct from SNP influence, after 12–24 h of treatment with 
c-PTIO (50 μM – 1 mM) cortical microtubules randomization and
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fragmentation in swelled epidermal cells of transition and elongation
zones were observed. That was accompanied with excessive short
root hair formation in differentiation zone. Finally, c-PTIO treatment
during 48 h caused die-off of meristematic, transition and elongation
zones. However, differentiation zone was pronouncedly extended and
abundant root hairs with ceased growth were observed. 

We suppose that microtubules appear to be regulated by NO,
because both NO donor and scavenger affect cortical micro-
tubules organization. Hence, NO could play as microtubule-regu-
lating agent and also as one of intracellular triggers of plant cell
differentiation. 

9.28.
Nitric oxide donor and scavenger influence
on Arabidopsis thaliana root development via
cortical microtubules reorganization 
Alla Yemets, Yulia Krasylenko, Yarina Sheremet,
Yaroslav Blume
Department of Genomics and Molecular Biotechnology, Institute
of Food Biotechnology and Genomics, NAS of Ukraine, 
Osipovskogo 2a, 04123 Kiev, Ukraine,
alyemets@mail.univ.kiev.ua 

NO in plant cell mediates growth, root formation, stomatal clo-
sure, gravitropic responses as well as disease and abiotic stress
tolerance (Besson-Bard et al., 2008). However, components of
NO-signalling cascade remain unclear. Among candidates to for
NO-downstream effectors are microtubules because of their
involvement in plenty of processes in plants regulated by NO. α-
Tubulin nitrotyrosination could realize direct NO-signalling via
microtubules in plants because in animal cells α-tubulin is one of
C-nitration targets of tyrosine residues (Yemets et al., 2009).
Thus, the presence and functional role of plant α-tubulin nitroty-
rosination have to be elucidated. 

Effects of NO donor SNP and NO scavenger c-PTIO on root mor-
phology and microtubules organization in root cells of Arabidopsis
thaliana line expressing gfp-map4 were studied in vivo. Treatments
during 1-6 h separately with donor and scavenger revealed no
appreciable effects. Root hairs initiation in differentiation zone and
their further growth were activated after 250 and 500 μM SNP treat-
ment during 24 h, and, after 48–72 h of treatment, lateral and
adventitious roots formation was triggered. Alterations of root mor-
phology were correlated with reorganization of cortical microtubules
in epidermal cells of different root zones. As distinct from SNP influ-
ence, after 12–24 h of treatment by 50 μM – 1 mM c-PTIO cortical
microtubules randomization and fragmentation in swelled epider-
mal cells of transition and elongation zones were observed. That
was accompanied with excessive short root hair formation in differ-
entiation zone. Finally, 48 h of c-PTIO treatment caused die-off of
meristematic, transition and elongation zones. However, differentia-
tion zone was pronouncedly extended and abundant root hairs with
ceased growth were formed. 

We suppose that microtubules appear to be regulated by NO,
because both NO donor and scavenger affect cortical micro-
tubules organization. Hence, NO could play as microtubule-alter-
ating agent and also as one of intracellular triggers of plant cell
differentiation depending on its concentration in plant cell. 
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Unusual ligand specificity of cytokinin-specific
binding protein from mung bean analyzed
by fluorescence correlation spectroscopy
Paweł Zawadzki1,2, Genowefa Ślósarek2, Jerzy Boryski3,
Przemysław Wojtaszek1

1Adam Mickiewicz University, Biology, Umultowska 89,
61-614 Poznań, Poland, zawadzki@amu.edu.pl

2Adam Mickiewicz University, Physics, Umultowska 85,
61-614 Poznań, Poland

3Polish Academy of Sciences, Institute of Bioorganic Chemistry,
Noskowskiego 12/14, 61-704 Poznań, Poland

Cytokinins are essential plant hormones involved in cell division,
shoot initiation, leaf and root differentiation, photomorphogene-
sis and senescence. Cytokinin binding proteins (CBPs) have been
identified in many species, from mosses to higher plants.
Unfortunately, the biological function of these proteins is still
unclear, with the exception of cytokinin receptor – CRE1, and
some proteins of PR-10 class. Identification and characterization
of new CBPs is important to better understand the mechanism of
cytokinin action.

Fluorescence correlation spectroscopy (FCS) allows the
investigation of intermolecular interaction in solution. During
FCS measurement, fluorophores are excited and the fluorescence
intensity can be measured. The autocorrelation function of the
time-dependent fluorescence intensity provides information
about fast- and slow-diffusing populations which is translated
into the relative amount of bound and unbound species. 

For our studies we first designed and synthesized two fluo-
rescent cytokinin derivatives. We attached two fluorophores, NBD
(7-chloro-4-nitro-2,1,3-benzoxadiazole) and Rhodamine B, to one
of the most active urea-type cytokinin 4PU (N-phenyl-N'-(4-
pyridyl)urea). The binding behavior of fluorescent cytokinins to
the proteins was investigated by FCS experiments with several
proteins. First, we found that the fluorescent probe did not bind
to any accidental proteins like BSA, lysozyme or proteinase K.
Second, we asked if fluorescent cytokinin would bind to
cytokinin-specific binding protein from Vigna radiata (VrCSBP).
Indeed, this proteins bound fluorescent probe strongly whereas
rhodamine B moiety did not interact with VrCSBP at all. A diffu-
sion coefficient range from 2.24×10-6cm2s-1 (free state) to
0.75x106cm2s-1 (bound state). The protein binding was saturated
at a concentration of about 1.7 μM, and a Kd value of 628±28 nM
was obtained by scatchard analysis of the binding data. Using a
competition assay we determined dissociation constants of non-
fluorescent ligands. Surprisingly, strong affinity of gibberellins to
VrCSBP was found. These results suggest that VrCSBP is a
bifunctional protein which binds cytokinin as well as gibberellins.

Summarising, we demonstrate here fast and precise tool to
investigate interaction in solution between cytokinins and any sol-
uble protein of interest.

This work was supported by Polish Ministry of Science and Higher
Education grant N 302 430034.
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