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For the most plants, especially crops, the major source of  
nitrogen is nitrate. It is taken up from the soil, allocated 
from roots to the shoots, or storage in vacuole by the ac-
tive proton-coupled transporters. According to the sub-
strate affinity and kinetic properties the nitrate transport 
systems have been classified into two groups: low-affinity 
transport system (LATS) and high-affinity transport system 
(HATS). First of  them operates at high nitrate concentra-
tions (above 1 mM) and displays un-saturating kinetics, 
while the second one can function at concentration below 
1 mM with saturating, Michaelis-Menten kinetics. HATS is 
future subdivided into constitutive (cHATS) and inducible 
(iHATS) systems, which are strongly affected by the avail-
ability of  external nitrate (Miller et al. 2007). Tree families 
of  genes encoding nitrate transporters, NRT1, NRT2 and 
ClC,  have been identified. NRT2 genes are the members 
of  small multigene family (seven in A.thaliana, four in rise 
and barley, tree in cucumber) which are differentially regu-
lated at the level of  organ specifity or in response to en-
vironmental conditions. At least two NRT2 (NRT2.1 and 
NRT2.2) contribute to iHATS and play a crucial role in 
acquiring nitrate from soil solutions. It was shown that en-
vironmental nitrate status, N metabolites and sucrose coor-
dinately regulated transcription of these proteins and inten-
sity of  nitrate uptake by plants. To mediate NO3

- transport, 
NRT2.1 requires a second protein - NAR2, so it is accepted 
that HATS is a two-component system. From other NRT2 
proteins only the role of  AtNRT2.7 and CsNRT2.3 in ac-
cumulation of  NO3

- in vacuole of  embryo was suggested. 
Two gens of  large NRT1  family (52 members in Arabidop-
sis) have been shown to function in nitrate uptake. One of  
them, (NRT1.2) operates at high NO3

- concentration and 
contributes to LATS, while the second (NRT1.1) is a dual-
affinity transporter involved in both high- and low-affinity 
uptake. Nitrate affinity of  NRT1.1 is regulated by its re-
versible phosphorylation, targeting in response to external 
NO3

- availability. Several lines of  evidences suggest that 
NRT1.1 functions also as nitrate sensor involved in regula-
tion of  general metabolic and developmental response to 
nitrate (Krouk et al., 2010). Other members of  NTR1 fam-
ily (NRT1.4, NRT1.5, NRT1.6 and NRT1.7) seem to regu-
late the nitrate storage in petioles, xylem loading and ion 
translocation from root to the leaves, or delivering NO3

-

 for seed development. Recent findings have shown that 
AtClCa can acts as NO3

-/H+ exchanger implying the role 
of  proteins from ChLoride Chanel family (ClC) in nitrate 
transport.
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The process of  initiation of  protein biosynthesis is an 
important target for regulation of  gene expression. The 
majority of  eukaryotic mRNAs are transcribed in a cap-
dependent manner which begins with a crucial step when 
eukaryotic initiation factor (eIF) 4E specifically recogniz-
es 7-methylG(5`)ppp(5`)N cap structure at the 5'-end of  
a transcript. Many eukaryotic organisms express multiple 
eIF4E family members. Usually one of  these eIF4E iso-
forms is involved in translation initiation, while the oth-
er are supposed to have different functions, for example 
translational repression of  specific mRNAs. Therefore the 
regulation of  expression or activity of  different eIF4E iso-
forms influences the pattern of  gene expression. In plants 
the control of  protein biosynthesis gains another target of  
regulation because there are two eIF4E family members: 
eIF4E and eIF(iso)4E, which act as canonical translation 
initiation factors. The reason why plants need two cap-
binding translation initiation factors remains to be discov-
ered.
In Arabidopsis thaliana there are genes encoding five eIF4E 
proteins: eIF4E-1, eIF4E-2, eIF4E-3, eIF(iso)4E and 
nCBP. eIF4E-1 and eIF(iso)4E take part in translation ini-
tiation but the roles of  the other three eIF4E isoforms are 
unknown. Our aim is to investigate cap-binding proper-
ties of  eIF4E family members from A. thaliana so as to 
get insights into their potential roles. In order to determine 
binding affinities of  these proteins for several synthetic cap 
analogs we employ the method of  fluorescence titration. 
One of  our conclusions is that, surprisingly, eIF(iso)4E 
binds cap significantly weaker than eIF4E does. Hence, 
these result questions how eIF(iso)4E can compete with 
eIF4E for mRNA 5'-end. Here we present our latest find-
ings on binding specificities of  A. thaliana eIF4E isoforms 
to cap analogs. 
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Vitamin B1 (thiamine) is an essential molecule for the 
proper functioning of  all living organisms. Its importance 
emerges primarily from the crucial role of  its biologically 
active derivative - thiamine diphosphate (TDP), a cofactor 
for key enzymes involved in the basic cellular metabolism. 
But only plants, bacteria and yeasts are able to carry out thi-
amine biosynthesis while the human organism is depend-
ent on the nutritional thiamine intake.
In the current work, the involvement of  thiamine in the ge-
netic response of  Arabidopsis thaliana seedlings to abiotic 
stress caused by selected environmental factors such as oxi-
dizing agents, high salinity and water depletion was evalu-
ated. Some of  these stress factors induced· an increased 
expression level of  genes encoding the enzymes involved 
in thiamine biosynthesis: the formation of  pyrimidine and 
thiazole moieties, their condensation into thiamine mono-
phospate production, and, with the highest response, the 
TDP-forming enzyme — thiamine pyrophosphokinase. 
Under these conditions, a parallel increase of  the gene ex-
pression level of  TDP-dependent enzymes: α-ketoglutarate 
dehydrogenase, pyruvate dehydrogenase, transketolase and 
5-phosphate 1-deoxyxylulose synthase was observed. The 
increased expression of  identified genes was confirmed by 
a significant rise in the level of  free thiamine (400%), TDP 
(130%), thiamine triphosphate (200%) and adenosine thia-
mine triphosphate (250%) in the extracts from seedlings 
exposed to abiotic stress conditions. The latter two thia-
mine compounds which occur in minute amounts in the 
animal, plant and bacterial cells, have previously been hy-
pothesized to play a role of  “alarmone” since they accumu-
late in bacteria during carbon or amino acid starvation. The 
current report suggests a similar role for these compounds 
in the plant organisms.
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Cadmium is a toxic element that normally occurs in low 
concentrations in soils. Excess of  heavy metals enhances 
the formation of  reactive oxygen species, which may in-
duce oxidative damage of  important macromolecules in 
plant cells of  different plant organs. Differences in plant 
responses to heavy metals seem to depend not only on the 
concentration but also on the ability of  plants to activate 
the proper signaling pathway and increase the antioxidative 
protection against negative consequences of  stress.
Nitric oxide (NO) is a signaling molecule involved in the 
regulation of  multiple plant responses to various stresses. 
Nevertheless, how NO is produced in a regulated manner 
and how the signal is perceived and propagated in defined 
biological responses, still remain to be determine. Recently, 
it has been showed that exogenous NO can alleviate the 
oxidative stress in plant roots caused by heavy metals. In 
the present investigation, we examined the effect of  cad-
mium stress on both generation of  endogenous NO and 
reactive oxygen species metabolism in lupine (Lupinus luteus 
L. cv. Juno) primary leaves. 
The experiments were carried out on 12-days old seedlings 
of  lupine. On the 12th day of  culture the roots were treated 
either with deionized water (control) or cadmium solution 
(CdCl2) at concentrations 10 mg/l and 25 mg/l. After 24 h 
the primary leaves were taken for analysis.
The NO generation was determined by using bio-imaging 
with fluorochrome DAF-2DA. Morever, the histochemical 
procedures for superoxide anion (O2¯) and hydrogen per-
oxide (H2O2) detection were used.
The seedlings treated with lower concentration of  Cd2+ 
ions showed enhanced NO generation localized mainly 
along with the main veins of  leaves. These changes were 
accompanied by visibly increased accumulation of  H2O2 
and by slight rise of  O2¯ level. In turn the higher concen-
tration of  Cd2+ results in green fluorescence of  DAF-2T 
covering the whole surface of  leaves (excluding vessels), 
indicating a huge overproduction of  NO. Additionally, in 
response to high Cd2+ doses a strong oxidative stress was 
observed.
The above results may suggest that NO participate in sig-
nalling from root to shoot under moderate cadmium stress. 
Moreover, the early burst of  NO correlated with H2O2 
generation in lupine primary leaves may induce specific sig-
naling pathway towards protective responses to cadmium 
stress.
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A complex composed of  two proteins related to the starch 
metabolism was detected after SDS-PAGE of  proteins 
previously purified using Amylose resin (BioLabs Inc. 
New England). During plant extract preparation and af-
finity chromatography on Amylose resin, buffers were 
supplied with phosphatase inhibitor cocktail 2 (Sigma). 
The molecular mass of  the complex, based on its mi-
gration in SDS-PAGE gel and protein standards as well, 
was estimated to be 190 kDa. Using tryptic peptide mass 
fingerprinting we identified: starch branching enzyme II 
(SBEII, CAB40743.1) and alpha-1,4 glucan phosphorylase, 
L isosyme, chloroplast precursor (SP L-1, PHS1_SOLTU). 
The formation of  starch metabolic enzymes complexes via 
protein–protein interactions may enhance the efficiency of  
amylopectin and properly structured amylose biosynthesis, 
due to conformational changes of  the enzymes, substrate 
channelling and also prevention of  phytoglycogen forma-
tion. Occurrence of  protein-protein interactions between 
starch biosynthetic enzymes in cereals amyloplast was fre-
quently reported in the past. We show that similar inter-
actions exist in potato tuber extracts. Association of  both 
complexes depends on the phosphorylation status of  pro-
teins involved into the process. To investigate the possible 
structural changes in SP and SBE type II following com-
plex formation and to reconstruct the process of  protein 
aggregation we tried to model S. tuberosum starch metabolic 
enzymes using protein homology approach and to identify 
serine phosphorylation sites. After in silico phosphoryla-
tion of  the complex elements we analyzed electrostatic 
potential and site maps showing the shape and extent of  
hydrophobic and hydrophilic regions of  modified and 
minimized proteins and attempted to indicate probable 
contact surfaces. The reason why SP and SBEII build com-
plex should be elucidated, but the working hypotesis is that 
both enzymes may be involved in starch synthesis process 
in stress conditions as an alternative pathway to the starch 
synthases (SSs) and starch branching enzymes (SBEs) reac-
tions.
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Wax esters are esters of  long chain fatty alcohols and fatty 
acids produced by a wide variety of  organisms including 
bacteria, plants and animals. Wax esters are major compo-
nents of  the plant cuticle. In mammals wax esters consti-
tute approximately 30% of  sebum. In industry wax esters 
are used as high pressure lubricants, replacing hydraulic oil, 
and for pharmaceutical and cosmetic applications. As ob-
taining high amounts of  some wax esters is very expensive, 
possibilities of  producing wax esters using plants are be-
ing investigated. The modification of  oilseed crops using 
genes encoding enzymes involved in wax esters biosynthe-
sis might enable to obtain different kinds of  wax esters of  
high chemical purity. 
Fatty acyl-CoA reductases (FAR) and wax synthases (WS) 
are two main types of  enzymes involved in wax esters bio-
synthesis. Alcohol-forming FARs produce fatty alcohols 
from fatty acyl-CoAs, while wax synthases catalyze esterifi-
cation reaction of  a fatty acyl-CoA with a long chain fatty 
alcohol. 
The genes encoding Arabidopsis FAR5, jojoba FAR, mouse 
FAR1 as well as mouse WS were expressed heterologously 
in Saccharomyces cerevisiae. The in vivo substrate specifity of  
FAR enzymes was investigated by measuring the accumula-
tion of  fatty alcohols in the yeast cells and in the culture 
medium. The in vitro substrate specificity of  all tested en-
zymes was determined in the microsomal fractions isolated 
from yeast expressing each gene using radiolabelled fatty 
acyl-CoAs or fatty alcohols. 
The expression of  jojoba FAR resulted in accumulation 
of  C16:0, C18:0 and C18:1 alcohols and the expression of  
mouse FAR1 resulted in accumulation of  C16:0 alcohols 
and small amounts of  C18:0 alcohols. The yeast express-
ing Arabidopsis FAR5 produced C16:0 and C18:0 alcohols 
with preference to the latter one. In liquid cultures con-
siderable amount of  produced fatty alcohols were secreted 
into the medium. 
In vitro assays showed that in the microsomal fractions the 
activity of  WS was very good, while FAR enzymes exhib-
ited rather low activity. The conditions of  in vitro assays for 
both types of  enzymes were successfully optimised and the 
data concerning substrate specificity of  tested FARs and 
WS will be presented.
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 The trypsin inhibitor SFTI-1 isolated in 1999 from the 
sunflower seeds by Luckett et al. is currently the smallest 
naturally occurring peptidic proteinase inhibitor. In this ca-
nonical inhibitor the inhibitor’s reactive site P1-P1 which is 
responsible for the specificity of  this inhibitor, is located 
between residues Lys5 and Ser6. The structure of  SFTI-1 is 
stabilized by the two cycles: disulfide bridge and head-to-tail 
cyclization. Elimination of  the disulfide bridge decreased 
trypsin inhibitory activity 2.5-fold, whereas monocyclic 
SFTI-1 with disulfide bridge inhibited bovine β-trypsin 
with the same strength as the native inhibitor. Owing to 
its small size and well-defined structure, SFTI-1 has been 
chosen by several research teams to be a lead structure in 
the design of  new inhibitors of  trypsin, chymotrypsin and 
also other physiologically important serine proteinases in-
cluding human elastase, cathepsin G, matriptase, β-tryptase 
and proteinase K. 
The main goal of  presented studies was the improvement 
of  proteolytical stability of  SFTI-1 analogues. One of  the 
used method was an introduction of  the peptoid residues 
in position P1 and/or P1’ of  the inhibitor. Among the se-
ries of  such modified monocyclic analogues these with 
peptoid residues in position P1 but not P1’ appeared to be 
proteolytical resistant. We also synthesized four 28-amino 
acid peptides whose sequences comprised two molecules 
of  trypsin inhibitor SFTI-1 bound through a peptide bond. 
The peptides in their two reactive positions contained two 
Lys, two Phe, along with a combination of  the amino acid 
residues. Association constants of  the analogues deter-
mined with trypsin and chymotrypsin, respectively, indicat-
ed that they were potent inhibitors of  cognate proteinases. 
A mass spectrometric study of  the associates has shown 
that incubation of  the compounds with the proteinases re-
sulted in cutting out a fragment of  the peptide chain to 
restore the native monocyclic molecule of  SFTI-1 or its 
analogue [Phe5]SFTI-1. This process, analogous to that of  
the DNA and protein splicing, can be referred to as ‘pep-
tide splicing’.
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Wheat, like other cereals, plays an important role in human 
nutrition. Besides basic nutrients, like carbohydrates, pro-
teins or vitamins, it also contains different kinds of  second-
ary metabolites, like carotenoids, phytosterols, flavonoids, 
lignans and phenolic acids, and because of  the scale of  
consumption wheat may be a significant source of  these 
health-promoting compounds. Among them, phenolic 
acids are present in the highest amounts. Many of  them 
are potent antioxidants and possess other bioactive abili-
ties. They also influence the organoleptic characteristics of  
wheat flour. For these reasons, information about phenolic 
acid levels in wheat may be valuable from the point of  view 
of  disease chemoprevention or food technology. 
The aim of  this study was to qualify and quantify phe-
nolic acids in three cultivars of  spring wheat. Ground 
wheat grains were subjected to hot alkaline hydrolysis (4M 
NaOH), followed by acidification with HCl and extrac-
tion with ethyl acetate. After evaporation of  the organic 
solvent, the residue was reconstituted in 5% acetonitrile 
and analyzed by reversed phase ultra-high-pressure liquid 
chromatography, performed on a ACQUITY UPLC® Sys-
tems chromatograph (Waters Corporation, Milford, USA), 
equipped with a Waters ACQUITY UPLC® HSS T3 col-
umn (1.0 × 100 mm; 1.8 μm), and coupled with a tandem 
mass spectrometer (Acquity Waters, TQ Detector). Sam-
ples were separated with a mobile phase gradient of  0.1% 
formic acid and pure acetonitrile. Mass spectrometry analy-
ses were carried out using negative electrospray ionization, 
analyte detection was performed in the Multiple Reaction 
Monitoring mode. 
Nine phenolic acids: caffeic, p-coumaric, ferulic, p-hydroxy-
benzoic, protocatechuic, sinapic, salicylic, syringic, and va-
nillic acid were detected. Ferulic acid was the main compo-
nent of  all cultivars, while other phenolics were present in 
considerably lower amounts. The examined wheat cultivars 
differed significantly in respect of  concentration of  par-
ticular compounds.
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Thiamine (vitamin B1) is an essential human diet compo-
nent synthesized de novo by plants and microorganisms. 
The last, critical step of  thiamine biosynthetic pathway 
involves the condensation of  4-amino-5-hydroxymethyl-2-
methylpyrimidine diphosphate (HMP-PP) and 4-methyl-5-
(2-hydroxyethyl)thiazole phosphate (HET-P) into thiamine 
monophosphate (TMP). The plant enzyme which catalyzes 
this reaction, TMP synthase, is encoded by the thi3 gene 
in Zea mays and its orthologs identified in many other spe-
cies and possesses an additional activity of  HMP/HMP-P 
kinase. The bioinformatic and structural analyses of  THI3 
protein showed the existence of  two catalytic domains, 
with high sequence similarities to bacterial HMP/HMP-P 
kinase and TMP synthase of  the N-terminal and C-termi-
nal domain, respectively.
In the current work we verify the previously proposed 
structural models for each domain (Rapala-Kozik et al., 
2007, Biochem J 408: 149–159) by site directed mutagenesis 
of  amino acid residues essential for enzymatic activities 
of  the recombinant THI3 protein. The kinetic analysis of  
purified muteins with single substitutions within the active 
centers (D77L, Q98L, M134K, D159K, V161D, K230E, 
R257E, T263R, T266D, C268F, Q373K, R375D, K377L, 
D406F, D425K, T470D, T472D, K473E, S524E) as well as 
a mutein with thrombin-cleavable insert between the do-
mains showed that the TMP synthase activity was insensi-
tive to mutations in the HMP/HMP-P kinase domain and 
was retained even after the proteolytic separation of  the 
kinase domain. 
HMP-PP, the final product of  kinase activity of  THI3 pro-
tein and the substrate for TMP synthase, is also a strong 
inhibitor of  the latter activity. The mutation of  the amino 
acid residues apparently involved in the fixing of  HMP-
PP molecule in the TMP synthase active center resulted 
in the abolition of  this characteristic substrate-inhibition 
phenomenon. 
The HMP/HMP-P kinase activity was destroyed after the 
proteolytic separation of  synthase domain, suggesting that 
the C-terminal synthase domain exerts some stabilizing 
effect on the structure of  the N-terminal kinase domain. 
Mutations of  the residues involved in binding of  other 
substrates, ATP in the kinase active center and HET in the 
synthase active site had only minor effects on the kinetics 
of  TMP or HMP-PP formation.
Acknowledgements:
This work was supported by the grant no. NN303 320937 from the Min-
istry of  Science and Higher Education (Poland).

P6.3

Molecular cloning and expression 
analysis of phytocystatin genes TrMDC 
i TrHvC in winter triticale seedlings 
exposed to the drought stress
Magdalena Chojnacka, Wiesław Bielawski

Warsaw University of Life Sciences, Biochemistry Department, 
Nowoursynowska 159, 02-776 Warszawa, Poland
e-mail: Magdalena Chojnacka <mrs.magdalena.malinowska@gmail.com>

Phytocystatins, which belong to the cystatin super-family 
of  natural inhibitors of  plant cysteine proteinases, regu-
late the activity of  those enzymes. They are involved in the 
endogenous control of  protein turnover during develop-
ment and germination of  cereal seeds. The inhibitors also 
may play very important function in defence mechanisms 
against phytopathogens or plant pests. Additionally their 
expression could be induced under the influence of  various 
forms of  abiotic stress, like drought or low temperature.
The aim of  our study was identification and analysis of  
the expression profile of  two phytocystatin genes in leaves 
and roots of  7-day-old triticale seedlings, exposed to the 
drought stress for 4, 12, 24, 48, 72 hours. Partial cDNAs 
encoding novel cystatins in vegetative tissue were obtained 
and named TrMDC and TrHvC. Primers were developed 
basing on sequences of  TaMDC1, Hv-CPI genes. The nu-
cleotide sequence of  TrMDC shares from 84% to 100% 
identities with other known cereal cystatins. This triticale 
cystatin also belongs to the group of  phytocystatins which 
contain a carboxy-terminal extension and have molecu-
lar mass about 23 kDa. The other nucleotide sequence  
(TrHvC) shares 96%, 80% and 79% with sequence of  bar-
ley, wheat, rice respectively. The inhibitor is a member of  
the phytocystatins group which has a molecular mass be-
tween 12 and 16 kDa. The level of  mRNA expression of  
cystatins in leaves and roots of  triticale seedlings increased 
under drought stress conditions (a semi-quantitative one-
step RT-PCR method). The present study suggests that 
TrMDC and TrHvC could be involved in the response to 
abiotic stress.
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Physiological processes of  plants are under the control of  
substances commonly known as phytohormones. The dis-
covery of  cytokinin by Skoog and Miller (1955) became 
one of  the most important events in molecular biology 
of  plant. Much is known about the biological impact of  
cytokinin, however the molecular basis of  their action re-
mains unknown. During recent years many proteins with 
the ability of  cytokinin binding were identified. Cytokinin-
specific binding proteins (CSBP) are classified on the basis 
of  their structural similarities, as a separate subclass among 
pathogenesis-related proteins of  class 10 (PR10 proteins). 
These are small (17 kDa), acidic and cytosolic proteins 
which so far have been distinguished in legumes species. 
Medicago truncatula is becoming curently a novel model 
plant for molecular studies. Searching through databases 
revealed the presence of  one csbp gene in Medicago trun-
catula genome. Using real time PCR method we investi-
gated the expression level of  two Medicago genes: Mtcsbp 
and MtPR10.1 (as a representative of  classic IPR proteins) 
in young developing Medicago leaves and roots. It was de-
termined that the expression level of  MtPR10.1 gene is sig-
nificantly higher than Mtcsbp in both leef  and root organ 
(at any of  investigated time points). Our results show high-
er expression level of  MtPR10.1 in leaves than roots, but 
Mtcsbp represents reverse pattern of  expression. One of  
our approches utilized RNAi technology in order to silence 
Mtcsbp gene in planta. For this purpose 435bp fragment of  
Mtcsbp gene was cloned into pHellsgate12 vector (CSIRO, 
Australia) using Gateway technology of  Invitrogen.Trans-
formations of  Medicago truncatula genotype J5 was per-
formed using Agrobacterium tumefaciens. However the 
regeneration process using somatic embryogenesis did not 
give possitive results. Utilization of  direct shoot organo-
genesis resulted in rooted regenerated MtJ5 plants with the 
transformation efficiency of  6%. Transgenic plants were 
checked for the presence of  insert built into the genome 
by employing PCR method. Further investigations assume 
verifying the silecing level of  Mtcsbp and uprising changes 
in the proteins pattern.
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Chlorophyllase (Chlase, chlorophyll-chlorophyllidohydro-
lase, EC 3.1.1.14) is considered to catalyze the dephytyla-
tion of  chlorophyll molecules to specific chlorophyllide 
forms. Depletion of  these pigments in chloroplasts is a 
developmentally controlled process of  leaf  senescence or 
fruit ripening, nonetheless the mechanisms regulating the 
catabolic turnover of  chlorophylls are still not well under-
stood. Identifying kinetic aspects of  chlorophyll process-
ing by Chlase may be utilised in delaying biodegradation 
of  this pigment. The present studies report on biochemical 
properties of  Chlases from mature leaves of  chosen spe-
cies belonging to the genus of  Prunus: bird cherry (Prunus 
padus L.), sour cherry (Prunus cerasus L.) and European plum 
(Prunus domestica L.). 
The procedure of  Chlase isolation and consecutive stages 
of  purification has been optimized. The isolated chloro-
phyllases were subjected to multi-step purification (am-
monium sulfate precipitation, dialysis, gel filtration on 
Sephadex G-200, ion-exchange chromatography on DE-
AE-cellulose) to obtain near-homogenous enzyme prepa-
rate. The homogeneity of  purified enzyme was confirmed 
with the use of  polyacrylamide gel electrophoresis. 
The obtained results revealed that Chlase isolated from 
leaves of  all tested species of  the Prunus genus occurred 
in two isoforms. The relative molecular mass of  the native 
Chlase isoforms estimated after gel filtration was approx. 
90 and 40 kDa (P. padus), 100 and 60 kDa (P. cerasus), 100 
and 40 kDa (P. domestica), respectively. Furthermore, the en-
zyme extracted from these plants characterised comparable 
values of  optimal pH (7.8-8.0) under in vitro conditions. 
The strong inhibitory effect of  Ca+2, Fe+3 and Al+3 ions on 
the enzyme activity was found. On the other hand, it has 
been revealed that Mg+2 cations appeared to be stimulators 
of  the analysed enzyme activity. Comparative analyses of  
kinetic aspects of  reaction catalysed by Chlases included 
Km and Vmax values and enzyme saturation by chloro-
phyll a. The interdependence between the phylogeny of  
Prunus sp. and specific biochemical properties of  purified 
Chlases from tested plants of  this taxon is discussed.
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Cultured cells of  BY-2 Nicotiana tobacco secrete a wide range 
of  proteins including proteases, chitinases, peroxidases, 
glucanases and ribonucleases into a culture medium. The 
extracellular proteins and many enzymes are assumed to 
have great importance in restructuring and modifying ex-
tracellular matrix in defense and detoxification, differentia-
tion, morphogenesis, signal transduction, and cell nutrition 
(Okushima Y et al., 2000, Plant Mol Biol 42: 479–488). In 
the past, it was believed that plants could only take up in-
organic nitrogen from the soil after mineralization of  soil 
organic matter by soil microorganisms. Recently, great 
progress has been made in developing and understanding 
plant nitrogen nutrition. Our studies revealed that plants 
could actively participate in proteolysis by exudation of  
proteases by roots and could obtain nitrogen from digested 
proteins (Godlewski M et al., 2007, Plant Physiol Biochem 45: 
657–664). Normally, plant cells cultured in media grow on 
nitrate or ammonium nitrate as the nitrogen source. Sup-
plementing the media with mixtures of  amino acids or 
proteins frequently enhances the growth of  cells, therefore 
secreted proteolytic enzymes may serve a nutritional pur-
pose in cell culture environment. Induction of  an extracel-
lular proteases secretion in BY-2 cultures by enriching or 
replacing inorganic nitrogen compounds with casein were 
investigated. 
Cell culture growth rate and proteolytic activity in the me-
dium after culturing on the following media: LS (LS), LS 
with addition of  0.1% of  casein (LS+C), LS without in-
organic nitrogen - NH4

- and NO3
- (LS-N) and LS without 

inorganic nitrogen but with 0.1% of  casein supplementa-
tion (LS-N+C) were analyzed. Studies were performed for 
10 days; amount of  cells, their vitality and their fresh weight 
as well as morphological changes, proteolytic activity in the 
cell homogenates and in the media were analyzed every ex-
perimental day. 
The obtained results have revealed that: i) the highest cell 
growth level was observed on LS+C medium, ii) the rate of  
growth of  cells cultivated on LS-N+C medium was high-
er than of  that on LS-N medium. iii) the effect of  better 
growth and proliferation on the casein supplemented me-
dium was accompanied by increase in proteolytic activity in 
this medium which suggests that cells can use proteins as a 
nitrogen source. 
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Sucrose and its hexoses are donors of  carbon skeletons and 
signalling molecules capable of  regulating metabolism in 
plant cells, including phenylpropanoid metabolism. Scarce 
data have reported on the effect of  carbohydrates on the 
level of  salicylic acid, i.e. a signalling molecule playing a 
considerable role in defense response of  plants during the 
pathogen-plant interaction. Transcription of  defense genes 
induced by pathogens in plants is regulated by the complex 
interaction network of  signalling pathways. 
The aim of  the presented study was to determine whether 
the level of  sucrose affects the activity of  benzoic acid 2-hy-
droxylase (BA2H) — an enzyme catalyzing the reaction of  
hydroxylation of  benzoic acid to salicylic acid and to verify 
what relation may occur with defense responses of  Lupinus 
luteus L.cv. Juno triggered in relation to Fusarium oxysporum 
f.sp. lupini. At the same time the symptoms were analyzed 
and morphometric measurements were taken on yellow lu-
pine embryo axes inoculated with F. oxysporum conducted 
in vitro on Heller’s medium with sucrose or without sugar. 
Fusarium oxysporum is a facultative parasite having both the 
biotrophic and necrotrophic phase causing pre- and post-
emergence root-rot of  and fusarium wilt.
Analysis of  BA2H activity determined by HPLC showed 
that sucrose itself  very strongly stimulated enzyme activ-
ity in embryo axes of  yellow lupine up to 96 h of  culture. 
Moreover, in infected tissues with high sucrose levels an 
increase of  BA2H activity with time was observed; how-
ever, it was not higher than that in non-inoculated axes with 
high sucrose levels. A higher post-infection activity of  this 
enzyme was found directly after inoculation, already at 0 h. 
Analysis of  disease symptoms and morphometric measure-
ments showed that in tissues with a high level of  sucrose 
the development of  infection and disease was inhibited in 
relation to tissues with sugar deficit.
These results suggest that sucrose may stimulate the bio-
synthesis pathway of  salicylic acid on the phenylpropanoid 
pathway in embryo axes of  yellow lupine.
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Adenosine 5′-phosphoramidate (NH2-pA) was reported to 
occur in plant tissues [1]. This uncommon nucleotide can 
be formed from adenosine 5′-phosphosulfate (SO4-pA) 
and ammonia by adenylylsulfate:ammonia adenylyl trans-
ferase (EC 2.7.7.51) [2]. Neither biological role nor meta-
bolic fates of  NH2-pA are known. Earlier, we have shown 
that in higher plants the compound can be hydrolyzed 
to AMP (pA) either by dinucleoside triphosphatase (EC 
3.6.1.29) and/or adenosine 5′-phosphoramidate hydrolase 
(EC 3.9.1. ) [3].
Here we present new, simple and fast method of  purifica-
tion of  the latter enzyme from the meal of  yellow lupin 
seeds to electrophoretic homogeneity. The method com-
prises: ammonium sulfate fractionation, acetone fractiona-
tion, removal of  contaminating proteins by heat treatment 
and affinity chromatography on the AMP-agarose. Molecu-
lar mass of  the enzyme monomer is 16 kDa. Active enzyme 
functions as a homodimer. Optimal activity is at pH 7.0 and 
the Km estimated for [8-3H]NH2-pA is 0.6 μM. The enzyme 
accepts different nucleobases in the nucleotide moiety of  
its substrates. Series of  guanosine 5′-phosphoro-amidate 
derivatives appeared to be good substrates, too. Product 
pG was liberated from GMP-morpholidate, (morpholino-
N-pG), NH2(CH2)2NH-pG, its butyl- and hexyl- homologs, 
and from Gp-NHCH2CH(OH)CH2NH-pG. NH2-ppG, 
however, was not a substrate. The hydrolase liberated also 
pN from adenosine 5′-phosphorothioate (S-pA) and from 
guanosine 5′-phosphorothioate (S-pG) but not from SO4-
pA. The communication will show more data as well as the 
details of  enzyme purification and of  the assays used for 
estimation of  the substrates′ velocities. 
References:
1. Frankhauser H et al. (1981) Biochem Biophys Res Commun 101: 524–532.
2. Frankhauser H et al. (1981) Biochem J 195: 545–560.
3. Guranowski A et al. (2006) Acta Biochim Polon 53 S1: 183–184.
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Lysophospholipid:acyl-CoA acyltransferases (LPLAT) cat-
alyse the transfer of  acyl group from acyl-CoA to lysophos-
pholipids synthesising the appropriate phospholipids. Ad-
ditionally, it was proposed that in the revers reaction, they 
may transfer the fatty acids from phospholipids to coen-
zyme A. In the presented study, we used several in vitro as-
says to demonstrate that enzyme could operate in that way. 
Yeast (BY4742 strain) with disrupted YOR175c gene (en-
coding one of  yeast LPLAT) were transformed with pYES2 
(empty plasmid) or one of  four different gene encoding en-
zymes with LPLAT activity: At1g63050, At1g12640 (Arabi-
dopsis LPLATs), YOR175c and SLC1 (yeast LPLATs). Mi-
crosomes prepared from transformed yeast cells were used 
in assays for determining LPCAT (lysophosphatidylcholin 
acyltransferase) activity of  tested enzymes.
Yeast transformed with SLC1 showed a very low LPCAT 
activity (but higher than microsomes from yeast trans-
formed only with the empty plasmid), whereas microsomes 
from other three transformants synthesized PC efficiently 
from added 18:1-LPC and [14C]18:1-CoA. Without ad-
dition of  18:1-LPC very little synthesis of  [14C]PC from 
[14C]18:1-CoA was observed. However, when these incu-
bations were supplemented with BSA and free CoA, effi-
cient synthesis of  [14C]PC occurred, suggesting that back-
ward reaction is promoted under these conditions.
After preliminary experiments with microsomes of  all 
yeast transformants, yeast transformed with At1g63050 
were selected for a more detailed study. In optimal BSA 
(1mg/0,1ml) and CoA (0.2 µmol/0.1 ml) concentra-
tions, the rate of  backward reaction was around 16 pmol 
PC/1min/1nmol microsomal PC and was around 40 times 
lower than forward reaction. The addition of  DTNB 
(combine CoA) to the reaction mixture strongly inhibited 
backward reaction but had no significant effect on forward 
reaction.
To verify that observed de novo syntheses of  PC from added 
[14C]18:1-CoA occur via exchange of  fatty acids between 
acyl-CoA pool and PC, microsomal preparations were in-
cubated with sn-2-[14C]18:2-PC, BSA, CoA and 18:1-CoA 
(non-radioactive) at optimal concentrations. During the in-
cubation time [14C]18:2 in acyl-CoA pool was gradually in-
creasing and in the same time similar 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.
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Ferulic acid (FA) is known allelopathic compound which 
leads to generation of  reactive oxygen species (ROS) in 
plant cells. ROS may initiate lipid peroxidation, cell mem-
brane damages and consequently affect an adverse influ-
ence on many physiological processes. Recent evidence 
indicates that although selenium (Se) is harmful for plants 
in high concentrations it can exerts beneficial effects at low 
concentrations as an antioxidant by increasing the tolerance 
of  plants to oxidative stress. The aim of  this study was to 
determine the effect of  applied selenium on ROS genera-
tion and membrane permeability in roots of  cucumber cv. 
‘Dar’ seedlings. Experiments were carried out in water cul-
tures. Seven-day-old seedlings were moved into Hoagland’s 
nutrient solution containing Se for the 4 days. Se was added 
as 5, 10 and 50 μM sodium selenite (Na2SeO3· 5H2O). 
Roots of  11-day-old seedlings grown under that conditions 
[marked as Se-0 (control), Se-5, Se-10, Se-50] were treated 
with allelopathic agent (0.5 mM FA) as well not treated with 
the acid. It was found that FA increased the level of  O2·

– in 
allelopathic agent treatments (Se+FA, FA), as compared to 
the control (Se-0, FA-0), except Se treatment at the concen-
tration of  50 μM, which caused less generation of  O2·

–  30 
minutes after FA introduction. An increase of  the ·OH lev-
el was observed in the seedlings exposed to selenium at the 
concentration of  10 μM and FA (Se-10+FA) in compari-
son to the control. It was also higher than in roots treated 
with FA only (Se-0+FA). Moreover, FA treatment caused 
membrane injury (about 30% as compared to the control), 
while Se additions at the concentration of  5 μM and 10 μM 
(Se+FA) diminished membrane injury about 25% and 32% 
as compared with FA treatment (Se-0+FA). 
Obtained results indicate that although FA caused increase 
in the level of  examined ROS and membrane injury, se-
lenium addition at the concentration of  5 and 10 μM en-
hances tolerance of  cucumber roots for FA by diminishing 
membrane permeability.

P6.11

Mobilization of jojoba seed 
lipids during germination
Adam Kawiński, Magdalena Miklaszewska, Antoni Banaś

Laboratory of Plant Biochemistry, Intercollegiate Faculty of 
Biotechnology UG-MUG, Gdańsk, Poland
e-mail: Adam Kawiński <adam.kawinski@biotech.ug.gda.pl>

Jojoba (Simmondsia chinensis Link, Buxaceae) is a perennial 
shrub that grows naturally in the deserts of  Arizona. It is 
the only plant accumulating wax esters (oxygen esters of  
long chain alcohols and fatty acids) in the seeds. These es-
ters have industrial applications, e.g. can be used as com-
pounds of  lubricants or cosmetics. Notwithstanding, it is 
very expensive to obtain high amounts of  wax esters from 
jojoba farms. Thus, several laboratories try to obtain, us-
ing tools of  genetic engineering, other oilseed crops, e.g. 
Crambe abyssynica, which will produce wax esters and store 
them in their seeds. Such seeds need to be viable and ger-
minate without problems, for which wax esters should be 
mobilized to produce energy and become structural mate-
rial. 
Jojoba seeds were germinated and grown in growth cham-
ber (16 h day/8 h night; 28oC). Seeds were collected at 0, 7, 
16 and 26 days of  germination. Lipid extraction was carried 
out using modified Blight & Dyer method (1959). Extracts 
were methylated using mixture containing 0.1 M NaOH. 
After methylation, extract was treated with derivatisation 
agent - BSTFA (N,O-bis(trimethylsilyl)trifluoroacetamide) 
and analyzed using GC. 
In order to determine compounds of  lipid extract, TLC 
analysis was performed. Five major fractions were de-
tected: wax esters (about 95%), triacylglycerols (about 
1%), fatty acids (about 0.8%), fatty alcohols (about 1%) 
and polar lipids (about 2%) Among four examined acces-
sions, the major decrease in wax esters content starts  7 
days after germination, however, the pattern of  this proc-
ess varies between accessions. Detected predominant fatty 
acids were: 20:1 (about 32%), 18:1 (about 8%), 22:1  (about 
6%), 16:0 (about 1%) and 24:1 (about 0.5%), whereas 
the highest amounts of  fatty alcohols were detected for:  
20:1-OH (about 25%), 22:1-OH (about 21%), 24:1-OH  
(about 3.5%) and 18:1-OH (0.5%). Lipase activity in micro-
somal fraction, isolated from jojoba seeds in various ger-
mination stages, was detected and it is being investigated.
Obtained results concerning wax esters catabolic pathway 
occurring in jojoba seeds can be used to produce transgenic 
plants which not only accumulate wax esters in the seeds, 
but also metabolize them during seeds germination.
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Programmed cell death (PCD) is a normal part of  life in 
plants and plays important roles in many physiological 
processes from development to stress response. 
While this phenomenon is relatively well known in mam-
malian cells, many data show existence of  evolutionarily 
conserved PCD pathway in both plants and animals. Re-
cently, it has been showed that Poly(ADP)-Ribose Polymer-
ase (PARP) occurs in some plant species and PARP genes 
were cloned from Zea mays and Arabidopsis thaliana (Ma-
hajan PB at al., 1998, Plant Physiol 118: 895–905; Lepiniec L 
et al., 1995, FEBS Lett 364: 103–108).
Modulation, inhibition or induction of  PCD depends on 
many various stimuli including pathogen infection or nutri-
ents availability. Nitrogen is, at least quantitatively, the most 
important nutrient for plants, therefore they have devel-
oped many different ways to capture this element.
Plant roots are able to take up inorganic form of  nitrogen 
as well as intact amino acids. Furthermore, plants are able 
to exude proteases by roots and owing to this strategy in-
crease the level of  free amino acids as a nitrogen source. 
It is well known that nitrogen deficiency negatively affects 
plant growth and development and induces a wide repro-
gramming of  primary and secondary metabolism. 
The purpose of  our studies was to investigate the influence 
of  nitrogen starvation on Nicotiana tobacco L. cv.Bright Yel-
low 2 (BY-2) cells. BY-2 cells were cultures on media: LS 
(LS) which was treated as a control and LS without inor-
ganic nitrogen - NH4

- and NO3
- (LS-N).

Studies were performed for 10 days; amount of  cells, their 
vitality and their fresh weight as well as morphological 
changes, proteolytic activity in the cell homogenates and 
in the media were analyzed every experimental day. Addi-
tionally, Western blot technique was used to analyze proa-
poptotic protein Bax expression under nitrogen starvation 
conditions. 
As a positive control, Bax protein expression was deter-
mined after cell incubation under UV-radiation. 
The obtained results revealed that Bax expression drasti-
cally dropped in the cells cultured under nitrogen free 
conditions. This was accompanied by the high level of  cell 
viability: 2.5% dead cells after 10 days of  culture in com-
parison to control — 17.5%. Our data also showed that 
under nitrogen starvation, cell proliferation and proteases 
exudation slightly increased. The highest proteases activi-
ties in BY-2 cell homogenates and in the culture medium 
were noticed on the 9th and 10th days — in the late station-
ary phase.
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Mentha piperita is important agricultural crop because of  its 
culinary and fragrance properties. It is used in food prepa-
ration, as a condiment in various beverages, candies, chew-
ing-gums. Mint is a rich source of  phenolic compounds 
which have been associated with several health benefits.
Suspension cultures are an alternative system for secondary 
metabolites production comparing with traditional cultiva-
tion. It is possible to select cultivars with higher produc-
tion of  secondary metabolites and increase their produc-
tion efficacy using elicitors. The presented experiment was 
performed to examine growth and rosmarinic acid accu-
mulation according to growth phase of  mint suspension 
cultures.
Suspension cultures were initiated from callus of  leaves ori-
gin. They were cultured on LS medium with addition of  2 
mg/l 2iP and 0.5 mg/l 2.4-D. Sucrose 30 g/l was added to 
each basal medium and pH was adjusted to 5.8. Suspen-
sion cultures were incubated on a rotary shaker at 110 rpm, 
temperature 25°C, 16-h photoperiod. Subculturing to fresh 
media were done every week. For growth and for the ros-
marinic acid concentration suspension cultures were ana-
lyzed during the culture period of  20 days.
Crude extracts were obtained through the extraction of  
lyophilized plant material with methanol. The phenolic 
fractions were purified by SPE, extracts were sucked 
through C18 short column. Phenolics were eluted using 
40% methanol. The phytochemical analysis was carried out 
by the ultra performance liquid chromatography technique. 
The analysis was performed on an UPLC BEH C18 col-
umn (1.7 μm, 50 mm × 2.1 mm) utilizing a gradient elution 
profile and a mobile phase consisting of  0.1% HCOOH in 
water and 40% AcN. The column was maintained at 50°C.
Biochemical analysis confirmed presence of  RA in all test-
ed samples. In the growth media only traces of  RA were 
noticed, especially in those coming from the latest days of  
growth. RA production was the highest on the 8th day of  
growth — 80.28 mg/g d.m.



45th Annual Meeting of the Polish Biochemical Society       107

P6.14

Sulfur metabolism in Brassica cretica 
ssp. botrytis in vitro culture
Maria Jasica1, Inga Kwiećień1, Małgorzata Iciek2

1Chair and Department of Pharmaceutical Botany, Jagiellonian 
University, Collegium Medicum, Medyczna 9, 30-688 Kraków, Poland; 
2Chair of Medical Biochemistry, Jagiellonian University, Collegium 
Medicum, Kopernika 7, 31-034 Kraków, Poland 
e-mail: Inga Kwiecień <inga.kwiecien@uj.edu.pl>

Plants and microorganisms can assimilate inorganic sulfur 
as sulfate for reduction to sulfide leading in cascade of  en-
zymatic steps to the synthesis of  sulfur-containing amino-
acids. In contrast humans and animals lack the capability to 
reduce sulfate. As a consequence humans and animals rely 
on their diet for provision of  reduced sulfur in cysteine and 
methionine. Thus plants are the most important source of  
sulfur organic compounds like amino acids or others, lipoic 
acid for example. It constitutes economic interest of  sulfur 
assimilation and sulfur amino acid biosynthesis in higher 
plants. 
The aim of  the present studies was to determine the ef-
fect of  sulfate and cysteine concentrations on sulfur com-
pounds metabolism in broccoli cultured in vitro. Stationary 
cultures were maintained on Murashige-Skoog (MS) me-
dium supplemented with different amounts of  sulfate (0–5 
mM) and cysteine (0–0.75 mM) under constant artificial 
light (ca. 4 W/m2), at 24±2°C, during 4 weeks. 
The effect of  medium supplementation has been investi-
gated in in vitro culture. The levels of  the following com-
pounds were measured: non-protein sulfhydryl groups, 
glutathione, cysteine, sulfane sulfur, reactive oxygen species 
and malondialdehyde (a product of  lipid peroxidation). In 
addition, activities of  enzymes involved in thiol and sulfane 
sulfur metabolism were assayed. 
Brassica cretica ssp. botrytis in vitro cultured plants can assimi-
late cysteine and sulfate directly from medium. Cysteine in-
creased itself  and other thiols level. Administration of  sul-
fate in higher concentrations significantly elevated NPSH, 
glutathione and cysteine level. Both compounds affected 
sulfane sulfur level and activities of  rhodanese and - β-
cyanoalanine synthase. Another sulfurtransferase - cystath-
ionase was activated only using highest cysteine concentra-
tion and no influence of  sulfate was observed. 
In conclusion, sulfate is a good precursor of  cysteine, uti-
lized for glutathione synthesis, which was indicated by its 
capability to elevate NPSH level and leading to formation 
of  sulfane sulfur-containing compounds. It could be good 
experimental model to modulate thiols and other sulfur 
compounds content in plants. 
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The wax moth Galleria mellonella (Lepidoptera), is well 
known as a model for exploring insect immunity. Insect 
blood (hemolymph) contains several types of  cells (hemo-
cytes) that are suspended in plasma. Hemocytes carry out 
an immune response and cellular defense via phagocytosis, 
nodulation or encapsulation. The number and morphol-
ogy of  these cells markedly changes in response to stress, 
wounding or infection. 
Entomopathogenic fungi are important regulatory factors 
of  insect populations. The soil fungus Conidiobolus corona-
tus (Entomopthorales) easily attacks G. mellonella larvae. 
Prompt death of  invaded insects might result from an im-
munosuppressive action of  toxic metabolites released by 
the invader. Role of  apoptosis in insect defense response 
to fungal infection is unexplored to date.
Our investigations are focused on establishing the cause of  
premature hemocyte death after contact of  insect larvae 
with C. coronatus. The first step in this analysis is demarca-
tion between apoptosis and necrosis. We have tested this 
using the GFP-CertifiedTM Apoptosis/Necrosis detection 
kit (Enzo).
C. coronatus was grown for 7 days on Sabouroud agar plate 
enriched with homogenized G. mellonella larva. The last 
instar larvae were exposed for 20h to sporulating fungal 
colonies. Before bleeding larvae were surface sterilized with 
ethanol. Ten μl of  hemolymph were added to dual detec-
tion reagent and incubated for 15 min. in darkness. Cells 
were observed under a fluorescence microscope. The sec-
ond part of  this reagent was mixed with hemolymph and 
analyzed via flow cytometry. As negative controls served 
unstained cells as well as hemocytes from intact larvae. 
Positive controls consisted of  cells preincubated with stau-
rosporine (apoptosis inducer).
G. mellonella after infection had visible changes in their ap-
pearance, black spots and solidify of  cuticule witch led 
to the death. Hemolymph was bit darker comparing with 
control and some hemocytes were damaged. Inspection 
of  hemocytes under fluorescent microscopy showed that 
cells from infected insects emitted strong red light which is 
hallmark of  late apoptosis or necrosis. Some control cells 
showed weak apoptosis sings probably caused by contact 
with a culture plate surface. Flow cytometry showed that 
most of  analyzed cells from infected larvae were in late 
apoptosis stage.
Our studies indicate that fungal infection of  G. mellonella 
induce hemocytes to come into pathway of  programmed 
cell death.



Abstracts108            

P6.16

PsbF — the new target for 
chloroplast protease Deg5
Robert Luciński1, Lucyna Misztal2, Grzegorz Jackowski1
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Experimental Biology, Department of Plant Physiology, 2Institute of 
Molecular Biology and Biotechnology, Department of Biotechnology, 
Poznań, Poland 
e-mail: Robert Luciński <rtl@amu.edu.pl>

Deg5 is a serine-type protease peripherally attached to lu-
minal side of  thylakoid membrane where it forms a func-
tional heterohexamer with Deg8. Deg5/Deg8 complex is 
thought to participate in the disposal of  photodamaged 
PsbA protein by making a cut at its luminal CD loop but 
no other physiological targets for Deg5 have been identi-
fied so far. 
In the present work a possible role of  Deg5 in the deg-
radation of  a (PsbE) and b (PsbF) subunits of  cyt b559 
holoprotein was investigated. It was demonstrated that 
during exposition of  Arabidopsis thaliana wild type leaves 
to a series of  five short term (3h) stresses a significant dis-
appearance of  PsbE (heat) and PsbF (heat, cold, desicca-
tion and wounding) took place. PsbE and PsbF disappear-
ance occurring in vivo was continued in the in vitro system 
in which the thylakoids isolated from previously stressed 
leaves were incubated for 6h in darkness. The decline in 
PsbF amount in assay involving thylakoids isolated from 
wounded leaves was arrested by the presence of  aprotinin - 
a typical serine-type protease inhibitor — in the incubation 
medium. On the other hand aprotinin did not influence 
significantly the decline of  PsbE in assays involving thyla-
koids from heat-treated leaves or PsbF in assays involving 
thylakoids from heat, cold and desiccation-stressed leaves. 
The homozygous deg5 knock-out mutant line was isolated 
and its in vivo degradation pattern of  PsbF in wounded 
leaves was compared with those of  wild type plants. As  
PsbF in the mutant resisted a degradation occurring in wild 
type plants we conclude that Deg5 is specifically involved 
in wounding-dependent degradation of  PsbF apoprotein.
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Cross-talk interactions of sucrose and 
Fusarium oxysporum on phenylpropanoid 
pathway and the accumulation 
and localization of flavonoids in 
embryo axes of yellow lupine
Iwona Morkunas1, Dorota Narożna2, Witold Nowak3 
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1Department of Plant Physiology, 2Department of Biochemistry and 
Biotechnology, Poznań University of Life Sciences, Poznań, Poland; 
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The aim of  the present study was to examine cross-talk in-
teractions of  sucrose and infection caused by a pathogenic 
fungus Fusarium oxysporum f.sp. lupini on the regulation of  
the phenylpropanoid pathway i.e. the level of  expression 
of  genes encoding enzymes participating in flavonoid bio-
synthesis, as well as cell location and accumulation of  these 
compounds in embryo axes of  Lupinus luteus L. cv. Polo. 
Embryo axes were cultured on Heller medium for 96 h. 
Four variants were compared: these included inoculated 
embryo axes cultured with or without 60 mM sucrose (+Si 
and -Si) and non-inoculated embryo axes cultured with or 
without 60 mM sucrose (+Sn and –Sn). Real-time RT-PCR 
to assess the expression levels of  the flavonoid biosynthet-
ic genes, i.e. phenylalanine ammonialyase (PAL), chalcone 
synthase (CHS), chalcone isomerase (CHI) and isoflavone 
synthase were used. Sucrose alone strongly stimulated the 
expression of  these genes. Particular attention was drawn 
to a very high expression level of  these genes in +Si em-
bryo axes in the early phase of  infection. Signal amplifica-
tion by the sucrose and the infection was most intense in 
the 48 h + Si axes, resulting in this was the highest level of  
expression of  flavonoid biosynthetic genes. Moreover, at 
48 h of  culture a considerably higher activity of  chalcone 
isomerasae (CHI; EC 5.5.1.6) was observed in axes with a 
high level of  sucrose than in those with a sucrose deficit. 
CHI activity in +Si axes at 48 and 96 h post inoculation 
was over 1.5 and 2 times higher than that in +Sn axes, as 
well as higher than in –Si axes. Observations under a con-
focal microscope of  yellow lupine embryo axes showed an 
increased post-infection accumulation of  flavonoids, par-
ticularly in cells of  embryo axes infected with F. oxysporum 
and cultured on a medium containing sucrose (+Si). Up to 
48 h post infection in +Si axes a very intensive emission of  
green fluorescence was observed, indicating a high accu-
mulation of  these compounds in whole cells. Moreover, a 
nuclear location of  flavonoids was recorded in cells. These 
results indicate that in the early phase of  infection the fla-
vonoid biosynthesis pathway is considerably enhanced in 
yellow lupine embryo axes as a strong signal amplification 
effect of  sucrose and the pathogenic fungus Fusarium ox-
ysporum.
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Effect of auxin-herbicides and 
some phytohormones on indole-
3-acetyl-aspartate synthetase 
activity in pea seedlings
Maciej Ostrowski1, Patryk Zmaczyński1, Maciej 
Gagat2, Magdalena Izdebska2, Anna Jakubowska1
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e-mail: Maciej Ostrowski <maciejost@umk.pl>

Plant cells contain most of  the auxin pool not as free IAA 
but as IAA-conjugates. Auxin conjugation is a part of  the 
mechanism for the IAA level control. IAA-aspartate (IAA-
Asp) is the most common amide conjugate both seeds and 
seedlings of  pea, but its significance in plant growth and de-
velopment is still elusive. IAA-Asp synthetase from imma-
ture pea seeds was purified to electrophoretical homogene-
ity and detailed characterized during our previous studies. 
This enzyme probably belongs to the family of  GH3 pro-
teins encoded by one of  the early auxin-responsive genes 
family. These genes are highly and specifically induced in 
response to auxinic herbicides in soybean, and may offer 
a novel method for diagnosing auxinic herbicide injury. In 
the present study, the subcellular distribution of  IAA-Asp 
synthetase and effect of  both auxin-herbicides and phyto-
hormones on IAA-Asp synthetase activity in pea seedlings 
was investigated. The enzyme activity was determined by 
radioactivity assay using [14C]-IAA. The obtained results 
indicated that the enzyme activity increased after treating 
with 10 μM of  3,6-dichloro-2-methoxybenzoic acid (Di-
camba) and 4-amino-3,5,6-trichloro-2-pyridencarboxylic 
acid (Picloram) for 24 h. Suprisingly, 5 μM of  2,4-D, other 
auxin derivative, decreased the IAA-Asp synthetase activ-
ity. Enzymatic synthesis of  IAA-Asp was also regulated 
by some phytohormones and the plant growth regulators, 
including auxin (IAA), gibberellin (Gibrescol), cytokinin 
(kinetin), (±) abscisic acid, jasmonates (MeJA, (±) JA), and 
salicylic acid. Many of  these agents resulted in an increase 
of  the enzyme activity. 100 μM of  GA3 strongly induced 
the IAA-Asp synthetase activity, whereas 100 μM of  kine-
tin strongly inhibited this activity. Western blot analysis of  
pea seedling extracts after Protein A-immunoprecipitation 
using rabbit anti-GH3.5 antibodies demonstrated an in-
crease of  GH3 protein level after induction by IAA, Gi-
brescol, kinetin, jasmonates and Picloram. The subcellular 
distribution of  IAA-Asp synthetase in immature pea seeds 
was examined by differential centrifugation. The most of  
the enzyme activity (88% of  total activity) was associated 
with the final supernatant fluid (100 000 g) suggesting the 
occurrence of  IAA-Asp synthetase in the cytosolic frac-
tion. This finding was confirmed by confocal microscopic 
analysis using anti-GH3.5 antibodies.

P6.19

Changes in the sucrose synthase activity 
and mRNA level in roots of legume 
plants under heavy metal stress
S. Pawlak-Sprada, M. Arasimowicz-Jelonek, J. Deckert

Adam Mickiewicz University, Department of Plant Ecophysiology, 
Poznań, Poland
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Heavy metals are one of  the most widespread and toxic 
soil pollutants present in industrialized countries. The di-
rect and harmful impact of  heavy metals on plants is a well-
known fact, although the role of  key enzymes of  sucrose 
metabolism and it’s regulation by heavy metals is not well 
understood. Sugars may play different roles in plants: they 
act as metabolic substrates and signaling compounds. The 
efficient carbohydrate metabolism as a source of  energy 
and of  carbon skeletons is the basis of  survival strategies 
of  plants subjected to different environmental stress, in-
cluding heavy metals. Sucrose synthase (SUS, EC 2.4.1.13) 
is a key enzyme in plant sucrose catabolism, which cata-
lyzes the reversible interconversion of  sucrose and UDP 
to UDP-glucose and fructose. Our previous study shown 
that some proteins were induced and accumulated in heavy 
metals treated plants- one of  which was the sucrose syn-
thase. In this study we were interested in Cd- and Pb-
induced changes in expression of  gene encoding sucrose 
synthase and the enzyme activity in two legume plants. As 
a model systems we used roots of  soybean (Glycine max L. 
cv. Nawiko) and yellow lupine (Lupinus luteus L. cv. Juno) 
seedlings treated with different concentrations of  cadmium 
(Cd2+ 0-25 mg/l) and lead (Pb2+ 0-350 mg/l). We used the 
RT-PCR technique to measured SUS expression and the 
Huber (1989) method to measured the enzyme activity. 
The expression of  gene coding SUS has been shown to rise 
in soybean plants submitted to a cadmium and lead ions. 
This effect was correlated with increasing cadmium and 
lead doses and the highest mRNA level was observed in 
the presence of  highest concentrations of  Cd2+ and Pb2+. 
Moreover, in both analyzed species, heavy metals stimulat-
ed the activity of  SUS, which in case of  soybean seedlings 
was directly proportional to rising metals concentration. In 
turn in lupine seedlings the SUS activity also increases in 
plants treaded with heavy metals, but the highest level was 
observed at the medium concentrations of  Cd2+ and Pb2+. 
In conclusion it seems that SUS is one of  the proteins 
that is preferentially activated in cadmium and lead treated 
plants suggesting that the enzyme may be involved in the 
response of  plant to a heavy metal stress. 
References: 
Huber SC (1989) Plant Physiol 91: 656–662.
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Preparative isolation of phenolic 
compounds from aerial parts of 
Trifolium pallidum Waldst. et Kit
Barbara Szajwaj, Anna Stochmal, Jarosław 
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The genus Trifolium is one of  the most important genera 
of  the Fabaceae (alt. Leguminoseae) family and includes about 
240 species and 80 infraspecific taxa. However, only some 
of  these species are known for their content of  phenolics. 
These are mainly cultivated plants, like Trifolium pratense, T. 
repens or T. resupinatum. Recently, research had been started 
on other clovers, which are growing wildly, such as Trifolium 
pallidum. Trifolium pallidum Waldst. et Kit is a species of  clo-
ver native to Southern Europe, Western Asia and Northern 
Africa. Similarly to T. alexandrinum, T. squarosum, T. echina-
tum, T. isodon, T. pretense belongs to the group which con-
tained 4–5% of  total phenolics. In this study the flavonoids 
and phenolic acids in aerial parts of   T. pallidum were sepa-
rated and their structures studied with spectral techniques. 
Trifolium pallidum was cultivated (1 m × 1 m plot) at the ex-
perimental field in the Institute of  Soil Science and Plant 
Cultivation in Puławy, Poland. Plants were harvested at 
the beginning of  flowering. Crude extract was obtained 
through extraction of  dried and powdered Trifolium top us-
ing 80% methanol. Phenolic and flavonoid fraction were 
fractionated from the extract by Solid Phase Extraction 
(SPE) on a C18 short column. To elute flavonoids and phe-
nolic acids the column was washed with 40% methanol. 
Subsequently, this fraction was loaded onto a column with 
C18 bed (40 × 500 mm; 40–63 μm, Merck) and eluted using 
a linear gradient of  H2O-MeOH. Flavonoids and phenolic 
acids were further purified by preparative chromatography 
using isocratic system. The purity of  compounds was con-
firmed with High Performance Liquid Chromatography 
(HPLC). Analyzes were performed on HPLC column Eu-
rospher-100 C18 (5 μm, 250 mm × 4 mm) using gradient of  
phase A and B (A — 1% H3PO4, B — 60% MeOH). The 
temperature of  column was 50°C, time of  analysis was 70 
min. and flow rate was 1 ml/min. 
The structures of  isolated individual flavonoids and phe-
nolic acids were confirmed using spectroscopic techniques 
— ESI-MS/MS and NMR. In this way eight phenolic com-
pounds were identified.
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The influence of traumatic acid and 
abscisic acid on the antioxidant 
enzymes activity and proteins content 
in green alga Chlorella vulgaris
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Traumatic acid (TA) is the plant wound hormone. It is 
known that TA stymulates intensive cells division in plants. 
Hovewer, data concerning the role and mechanism of  TA 
action in plants is still very limited. There are also strong 
evidences that TA closely cooperates with abscisic acid 
(ABA). ABA plays an important function in the response 
of  vascular plants to various environmental stresses. The 
most recent research proved that ABA occurs also in uni-
cellular green alga Chlorella vulgaris. It could be suppossed 
that ABA and TA participate in plant response to oxida-
tive stress. Reactive oxygen species (ROS) may be created in 
plants during normal metabolic functions. The aim of  this 
work is to examine the influence of  ABA and TA on pro-
teins content and antioxidant enzymes activity in C. vulgaris 
cells. C. vulgaris was being cultivated during the 7-day peri-
od, in the presence of  the optimal concentartions of  ABA 
(10-7–10-6 M) and TA (10-6–10-5 M). It was ascertained that 
TA causes the greatest increase (by 39.8% in comparison to 
the control culture) in proteins level on the 3rd day of  cul-
tivation. Moreover, the SDS-PAGE showed the presence 
some new specific polypeptides with molecular weights 11, 
12 and 14 kDa. The treatment with ABA also stimulated 
proteins accumulation in algal culture by 23.9% in com-
parison to the control culture on the 3rd day of  cultivation. 
ABA induced in alagal cells specific proteins synthesis with 
molcular weights 14.28 and 55 kDa. The protein with mo-
lecular weight 14 kDa appeared in algal cells in response 
to both ABA and TA. ABA also increased the antioxidant 
enzymes activty on the 5th day of  cultivation: ascorbate 
peroxidase (APX) by 43.6%, catalase (CAT) by 42.4%, 
glutathione reductase (GR) by 49.5% and superoxide dis-
mutase (SOD) by 49.2% in comparison to the control. TA 
acts as a more intense activator of  the antioxidant enzymes 
activity in comparison to ABA. The activity of  APX in-
creased by 50%, CAT by 62.3%, GR by 58.2% and SOD by 
69.4% under the influence of  TA on the 3rd of  cultivation, 
in comparison to the control culture. The obtained data 
suggests that both TA and ABA plays an important role in 
response of  unicellular algae C. vulgaris to environmental 
stress mainly by activating antioxidant enzymes.
References:
Bajguz A et al. (2009) J Plant Physiol 166: 882–886.
Hassanein R A et al. (2009) Aust J Bas Appl Sci 3: 904–919.
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Drought is an essential factor in altering growth and devel-
opment of  plants and at the same time limiting crop pro-
duction in the world. The stress response is connected with 
activation of  multitude of  genes products which some of  
them protects plants against environmental stresses where-
as others participate in signal transduction pathways. Our 
previous experiments indicated that 6-days-old of  barley 
seedlings are unable to tolerate 4 days dehydration as op-
posed to 4-day-old seedlings although the level of  dehydra-
tion of  4 and 6- day- old seedlings has been the same. 
Proteomics is a recent good molecular tool used to analyze 
drought affected plants (Salekdeh et al., 2002) and can re-
veal deciding factors responsible for resistance of  seedlings 
to cessation of  watering. In our experiments we posed the 
next questions: (1) How many barley leaf  proteins change 
in response to soil drought (2) what kinds of  changes exist 
in leaf  proteome between resistant and sensitive seedlings? 
and (3) which proteins are responsible for dehydration tol-
erance?
Proteins were extracted from dehydration-tolerant (4-day-
old seedlings) and dehydration- sensitive (6-day-old seed-
lings) after 4 days of  dehydration and analyzed by 2-DE. 
References:
Salekdeh et al., (2002) Field Crops Res 76: 2–3, 99–219.
Vinocur, Altman (2005) Curr Opin Biotechnol 16: 123–132.
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Enzymatic activity of Conidiobolus 
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Conidiobolus coronatus (Entomophtorales) is an important po-
tential biological control agent of  insect pests. This ento-
mopathogen penetrates directly through the host cuticle 
thanks to synergic action of  several enzymes including 
proteases, chitinases (endo- and exochitinases) as well as li-
pases. Unfortunately, there is little information about grow-
ing C. coronatus in stress conditions and its ability to infect 
insect host under these circumstances. 
C. coronatus was cultivated on minimal medium with glucose 
as carbon source at 20oC (optimal temperature for C. corona-
tus propagation) and under stress condition (35oC). During 
the study it was observed that high temperature stimulates 
fungus to produce spores. After termination of  fungus 
cultivation, activities of  elastase, N-acetylglucosaminidase 
(NAGase), chitobiosidase and lipase (all described as C. 
coronatus virulence factors) were assayed in both, sporulat-
ing and not sporulating mycelia. 
Enzymatic activity in not sporulating mycelium homoge-
nate was as follows: elastase (0.13 dA/min ± 0.0003), 
NAGase (0.23 dA/min ± 0.0001), chitobiosidase (11.59 
dF/min ± 0.2380) and lipase (0.94 dF/min ± 0.0871). In 
sporulating C. coronatus homogenate we obtained: elastase 
activity (0.20 dA/min ± 0.0014), NAGase activity (0.42 
dA/min ± 0.0025), chitobiosidase activity (13.06 dF/min 
± 1.0296) and lipolytic activity (4.86 dF/min ± 0.1358). We 
suggest that higher activities of  tested enzymes in sporu-
lating mycelia in comparison with not sporulating ones 
indicate plasticity of  C. coronatus virulence factors under 
stress conditions. Significantly higher activity of  lipase in 
sporulating mycelia indicates its potential role in the host 
infection process. High lipolytic activity could be related 
to the possible presence of  lipases on the conidial surface. 
Probably lipolytic enzymes from spore surface are engaged 
in insect epicuticle hydrolysis since epicuticular lipids form 
the first barrier against entomopathogens. 
Acknowledgements: 
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