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RNAComposer: automated high-resolution 
structure prediction for large RNAs
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Katarzyna J. Purzycka1, Piotr Lukasiak1,2, Natalia 
Bartol2, Jacek Blazewicz1,2, Ryszard W. Adamiak1*
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In contrast to the protein field, a much smaller number of  
RNA tertiary structures has been assessed by X-ray crystal-
lography, NMR spectroscopy and cryo-EM, and deposited 
in structural data banks. In view of  the rapidly growing ac-
cess to RNA secondary structures their 3D structure pre-
diction is in great demand in the RNA community.
Only a few programs and web-accessible tools have been 
proposed for semi-automated and automated prediction of  
the RNA tertiary structure. Automated methods make use 
of  the coarse-grained and atomic-level molecular dynamics, in-
ternal coordinate space dynamics, fragment assembly and 
comparative modelling using templates. They vary consid-
erably in terms of  the required input data (RNA sequence, 
secondary structure, conformational data or structural 
templates), structure prediction quality across different 
RNA sizes and computation time.
Recently we have developed a novel approach for the fully 
automated RNA 3D structure prediction from the user-
defined secondary structure [1]. The concept is founded 
on the machine translation system. The translation engine 
operates on our RNA FRABASE  database [2, 3] tailored 
to the dictionary relating the RNA secondary structure 
and tertiary structure elements. The translation is very fast 
and assures the prediction of  large RNA 3D structures 
with high accuracy. RNA 3D structure building occurs in 
a range of  seconds, on a single processor. Our approach 
implemented to the fully automated RNAComposer serv-
er needs neither structural templates nor RNA sequence 
alignment, which are both required for comparative meth-
ods. This permits the design of  unresolved yet native and 
artificial RNA 3D structures.
In this lecture the predictions of  RNA 3D structures 
will be presented based on use of  our two publicly avail-
able servers: http://rnacomposer.ibch.poznan.pl and  
http://rnacomposer.cs.put.poznan.pl
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Prediction of functional structure 
of eukaryotic chromosomes 
in computer modeling
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For modeling the eukaryotic chromosome functional struc-
ture only a few essential elements should be considered: 
total number of  elements under mutational and selection 
pressures and average number of  recombination events oc-
curring during one process of  meiosis. Mutational pressure 
is connected with physical length of  chromosome (number 
of  nucleotides) while the operation of  selection is connect-
ed with its genetic parameters rather — its length meas-
ured in recombination units (centimorgans) and number 
of  genes. Modeling the evolution of  eukaryotic chromo-
somes predicts the critical conditions when coding density 
i.e. number of  genes per recombination unit switches on 
gene clustering during the evolutionary process. Clusters 
of  genes have a tendency to complement rather than to un-
dergo purifying selection described by mean field theories 
of  evolution. Gene clustering depends not only on spatial 
distribution of  genes and distribution of  recombination 
events along the chromosomes but also on external (for the 
genome) condition — inbreeding coefficient. It is a prod-
uct of  the recombination frequency during one meiosis and 
the genetic distance between individuals which determines 
the probability of  separation of  two genes or disruption 
the cluster. Recombination events along chromosomes are 
distributed unevenly and an appearing of  gene clusters fol-
lows that distribution — at some regions of  chromosomes 
they can be formed while at the other they are not formed. 
Nevertheless, computer modeling predicts a general rule 
that gene clustering should be observed in the central parts 
of  chromosomes while in the subtelomeric regions purify-
ing selection should prevail. Furthermore, computer mode-
ling predicts that selection against defective genes could be 
the force strong enough for such an uneven distribution of  
recombination events. Analyses of  human chromosomes 
and modeling their evolution suggest that humans evolved 
in small effective populations — of  the order of  one thou-
sand. The structures of  human chromosomes are different 
— some of  them, very densely packed, like chromosome 
19 have a tendency for gene clustering, while others — like 
chromosome 18 are under purifying selection. Both types 
of  chromosomes determine the optimum of  reproduction 
potential at specific size of  effective population (inbreed-
ing). Higher deviations from that optimum are responsible 
for both, inbreeding and outbreeding depressions which 
are observed in real human populations. Computer mod-
eling suggests also that for information destruction of  Y 
chromosome the promiscuous behavior of  mammals is 
responsible.
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The Cancer Genome Atlas Project (TCGA): 
current status and future applications
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The Cancer Genome Atlas (TCGA) project is a compre-
hensive and coordinated effort to accelerate our under-
standing of  the molecular basis of  cancer through the ap-
plication of  genome analysis technologies. The National 
Cancer Institute (NCI) and the National Human Genome 
Research Institute (NHGRI) launched TCGA as a 3-year 
pilot project in 2006, and have since beginning of  2010 
initiated the second phase of  the project to study at least 20 
additional cancers over 5 years. This project aims to system-
atically explore the entire spectrum of  genomic changes in-
volved in human cancer. Specifically, the project is designed 
to comprehensively analyze DNA copy number changes, 
including large and small scale rearrangements, transcrip-
tion profiles, epigenetic modifications, sequence variation, 
and sequence in both tumor tissue and case‐matched ger-
mline DNA. The suite of  analysis platforms will be ap-
plied to a common set of  molecular analytes obtained from 
clinically annotated high-quality tumor biospecimens and 
case‐matched normal tissue. The results of  the molecu-
lar profiling will be correlated with patients’ outcomes for 
identification of  novel predictive biomarkers for current 
and future personalised therapies. In May 2010 The Great-
er Poland Cancer Center (GPCC) become a part of  TCGA 
network. Through the integrated effort of  surgeons and 
pathologist a prospective collection of  tumor samples from 
breast, stomach, colon, head&neck cancers and melanoma 
has been initiated. Up to the date over 250 high-quality tu-
mor samples and matching normal tissue have beed collect-
ed along with pathology and clinical annotations. 166 sam-
ples (almost 90% of  contracted samples) have been already 
sent to TCGA’s centers and are currently being subjected 
to molecular profiling and bioinformatic analysis. Future 
efforts will include comprehensive proteomic analysis that 
will be performed in collaboration with The Institute for 
Applied Cancer Science at The University of  Texas MD 
Anderson Cancer Center in Houston, USA. System biology 
tools will be used to integrate genomic data obtained from 
TCGA with the proteomic analysis to understand causali-
ties in between changes in DNA, transcriptome and signal 
transduction pathways as well as identify novel drug targets 
and predictive biomarkers thus paving the way for novel 
personalized therapies for cancer.
References
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Combining genomic and metabolomic 
analysis to elucidate plant immunity-
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The non-adapted powdery mildew fungi Blumeria graminis 
and Erysiphe pisi almost invariably fail to enter attacked leaf  
epidermal cells of  wild-type Arabidopsis thaliana. The under-
lying resistance mechanism involves a peroxisome-associat-
ed glycosyl hydrolase (PEN2) which becomes concentrated 
at pathogen entry sites and was thought to activate a small 
molecule(s) that terminate fungal pathogenesis. Metabo-
lite profiling of  pen2 knockout lines revealed a defect in 
the pathogen-inducible accumulation of  two compounds: 
indol-3-ylmethylamine and raphanusamic acid. Subse-
quent experiments with cyp79B2cyp79B3, pad2 and cad2 
mutant lines showed that accumulation of  both second-
ary products is tightly linked with tryptophan metabolism 
and dependent on glutathione levels. Of  note, indol-3-yl-
methylamine and raphanusamic acid hyper-accumulated in 
A. thaliana lines over-expressing a thioglucoside glucohy-
drolase. This pointed to indole glucosinolates as substrates 
of  PEN2 and suggested the existence of  a novel pathway 
for in vivo glucosinolate degradation. Subsequent analysis 
of  glucosinolate levels revealed that after pathogen inocu-
lation flux of  the indole glucosinolate pathway is redirected 
towards 4-methoxy-indol-3-ylmethyl glucosinolate. To 
verify functional contribution of  this compound to plant 
immunity a mutant line affected in its accumulation was 
isolated. Of  note, pathogen assays revealed that this line 
shows enhanced susceptibility similar to the one observed 
for pen2 plants.
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Time dependent metabolomics 
and transcriptional analysis of 
cannabinoid biosynthesis in Cannabis 
sativa var. Bedrobinol and Bediol 
grown under standardized condition 
and with genetic homogeneity
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Although known and used for many centuries, recent in-
vestigations in Cannabis sativa L. have proven that its main 
constituents do indeed exhibit therapeutic value. However, 
the exact measure of  these metabolites is hampered as 
most of  the research has been conducted on seized, ex-
tracted or non-standardized cultivated C. sativa L. material. 
Here the standardized cultivation of  two C. sativa L. chem-
otypes is investigated by HPLC-UV, qPCR and 1H-NMR, 
respectively during two cultivation phases of  4 weeks each. 
On the basis of  HPLC it can be shown that the major 
cannabinoids are specifically accumulating after a shorten-
ing of  the light period. Chemotypes are additionally con-
firmed using qPCR specific for thca and cbda genes. Gene 
transcript based chemotyping was only possible comparing 
the thca and cbda transcription level ratio at the middle of  
the cultivation period, while at the end differences in gene 
transcription ratio diminished. 1H-NMR results indicate a 
clear difference between both chemotypes and cultivation 
phases by applying pattern recognition software.
Figure 1. Ratio analysis of  the metabolites (Δ9-THCA/

CBDA) and the relative transcription between cbda and thca 
(2-(ΔΔCt), Y-ax (right) in logarithm), shown per C. sativa L. 
variety. A) Represent ratio analysis of  chemotype I C. sativa 
L. var. Bedrobinol. B) Represent ratio analysis of  chemo-
type II C. sativa L. var. Bediol. No detectable transcription 
ratio could be obtained for the chemotype I C. sativa L. var. 
Bedrobinol in week 2 and 3 due to an absence of  cbda tran-
scripts. Error bars are defined by upper and lower limits for 
gene transcription and by SD for metabolites.
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RAGE receptor dimeric structure studied 
by hydrogen-deuterium exchange 
monitored by mass spectrometry
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Kulma, Jarosław Poznański, Michal Dadlez
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Introduction: Receptor for advanced glycation end prod-
ucts (RAGE) is a multiligand cell surface receptor, known 
to bind glycoxidised form of  proteins as well as many other 
ligands such as A‐ peptide, the S100 family of  proinflam-
matory cytokine-like mediators, Mac1 integrin and many 
others. RAGE is an important mediator of  the proinflam-
matory response involved in diverse pathophysiological 
states such as neurological disorders, stroke, amyloidosis, 
immune response, diabetes and inflammatory disorders, 
infectious disease and tumors. It is a potential therapeutic 
target, but in spite of  significant effort its structure, ligand 
binding mode and signal transduction pathway has not 
been characterised yet on the molecular level.
Methods: In the presented work we used hydrogen-deute-
rium exchange and mass spectrometry to gain insight into 
the structural properties of  exRAGE — the full extracel-
lular part of  the protein containing V, C1 and C2 domains 
and the structural consequences of  its dimerisation. 
Results: We have identified two regions in RAGE se-
quence which undergo protection when the protein dimer-
ises. These regions map to the region between domains C1 
and C2, indicating the molecular mechanism of  stabilisa-
tion of  a flexible linker region. Based on this we propose a 
novel model of  RAGE dimer and tetramer.
Keywords: RAGE receptor, hydrogen deuterium exchange, 
mass spectrometry, receptor oligomerisation.
Novel aspects: Our result allow to propose a new model 
of  RAGE oligomer suggesting the new molecular mecha-
nism of  signal transduction by RAGE receptor. 
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Mass spectrometry-based profiling of 
serum proteome — detection of changes 
related to progression of cancer and 
response to anticancer treatment
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MALDI-ToF mass spectrometry-based analyses of  the 
low-molecular-weight fraction of  serum proteome allow 
identifying profiles (signatures) that are potentially useful in 
detection and classification of  a disease. However, features 
of  serum proteome mostly reflect the general influence on 
patient’s organism of  disease development and effects of  
the treatment. Hence, serum proteomics is an important 
tool for detection and characterization of  changes related 
to progression of  cancer and response to anticancer treat-
ment. We compared serum proteome profiles of  healthy 
donors and patients with three different types of  cancer 
(head and neck squamous cell cancer, colorectal adenocar-
cinoma and non-small cell lung cancer) aiming to identify 
peptide signatures that were either common for all cancer 
samples or specific for cancer type. Classifiers built of  se-
lected spectral components allowed differentiation between 
healthy donors and three groups of  cancer patients with 
about 70% sensitivity and 80% specificity. Certain peptide 
species were characteristic for all cancer samples, yet the 
major differentiating components appeared to associate 
with progression of  cancer cases. Such components could 
be exemplified by those corresponding to fragments of  se-
rum amyloid A, which abundance apparently increased in 
blood of  patients with more advanced cancer. We conclud-
ed that certain components of  serum peptide signatures 
are common for different cancer signatures and putatively 
reflected general response of  organism to the disease, yet 
other components of  such signatures were more specific 
and most likely corresponded to clinical stage of  the ma-
lignancy. We also analyzed dynamics of  changes in serum 
proteome profiles induced by anticancer treatment. Serum 
samples were collected before, during and after the end 
of  radiotherapy in group of  patients with head and neck 
cancer. We found that numerous serum components sig-
nificantly changed their abundance upon exposure to ion-
izing radiation, and that radiation-induced changes could 
be detected several months after the treatment. We also 
found that abundances of  certain serum components as-
sociated with absorbed doses of  radiation and intensity of  
radiation-induced reactions in irradiated tissues. Our data 
indicated that features of  serum proteome could be a use-
ful retrospective marker of  exposure to ionizing radiation.
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The first comprehensive and 
quantitative analysis of human 
platelet protein composition allows 
the comparative analysis of structural 
and functional pathways 
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The first comprehensive and quantitative analysis of  hu-
man platelet protein composition allows the comparative 
analysis of  structural and functional pathways  
Anti-platelet treatment is of  fundamental importance 
in combatting functions/dysfunction of  platelets in the 
pathogenesis of  cardiovascular and inflammatory diseases. 
Dysfunction of  anucleate platelets is likely to be completely 
attributable to alterations in post-translational modifica-
tions and protein expression. We therefore examined the 
proteome of  platelets highly purified from fresh blood 
donations, using elaborate protocols to ensure negligible 
contamination by leukocytes, erythrocytes and plasma. Uti-
lizing quantitative mass spectrometry, we created the first 
comprehensive and quantitative human platelet proteome, 
comprised of  almost 4 000 unique proteins, estimated copy 
numbers for ~3 700 of  those, and assessed inter-subject (4 
donors) as well as intra-subject (3 different blood samples 
from one donor) variations of  the proteome. For the first 
time, our data allow for a systematic and weighted apprais-
al of  protein networks and pathways in human platelets, 
and indicate the feasibility of  differential and comprehen-
sive proteome analyses from small blood donations. Since 
85% of  the platelet proteome shows no variation between 
healthy donors, this study represents the starting point for 
disease-oriented platelet proteomics. In the near future, 
comprehensive and quantitative comparisons between nor-
mal and well-defined dysfunctional platelets, or between 
platelets obtained from donors at various stages of  chronic 
cardiovascular and inflammatory diseases will be feasible.  
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Full lipidome snapshot and 
its interpretation
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High mass resolution of  modern mass spectrometers is 
changing the paradigm of  lipidomic analyses. By placing 
greater emphasis on the value of  accurately determined in-
tact masses, it paves the way for rapid, yet comprehensive 
and quantitative profiling of  major lipid classes - effective-
ly, this provides a snapshot of  the full lipidome composi-
tion.  It is becoming possible to systematically assess the 
lipidome response towards global challenges (such as diet, 
environment or organism development), or evaluate “rip-
ple” effects of  individual mutations that are spanning  the 
entire lipidome.  The talk will also address practical aspects 
of  top-down and bottom-up shotgun lipidomics on vari-
ous Orbitrap-based platforms, the impact of  instrument-
dependent  features and available software solutions.
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Venom peptidomics and proteomics 
— from small molecule candidate 
drugs to neurotoxic phospholipases
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Snake (and also from other species as frogs or spiders) 
venoms are complex mixtures of  highly diverse bioactive 
compounds ranging from small peptides and lipids to gly-
co- and phosphoproteins. It means that a complex pepti-
dome and lipidome as well as metabolome and proteome 
in a mixed and dynamic form are found. Usually peptide/
proteins comprise about 90–95% of  the dry weight of  col-
lected snake venoms. The interest in understanding these 
biological fluids is based on various reasons. First the de-
velopment of  alexipharmic agents is of  high impact due 
to the fact that worldwide approx. 2.5 million humans are 
victims to snake bites. Furthermore venoms from a vari-
ety of  animals, not only snakes, were already successfully 
applied as pharmaceuticals to control unbalanced cardio-
vascular functions, to treat blood clotting dysfunctions, 
to treat Parkinson’s or Alzheimer’s disease or have been 
shown to inhibit tumors. Interestingly, some proteins iso-
lated from vipers are belonging to the CAP (cysteine-rich 
secretory proteins, antigen 5 and pathogenesis-related 1 
protein) superfamily [1], which is often secreted, linking 
them to allergens of  wasps and of  tomatoes. However, 
for a more complete understanding of  these animal-based 
biological fluids, the information about the constitution of  
the peptidome, which is a paramount example of  how na-
ture diversifies from one single gene to release multiple, 
regulated functionalities at the desired sites and time, is of  
importance. This is an even more crucial point for snake 
proteomes [2-6].
For both areas — peptidome and proteome [7] — own 
analytical strategies have to be developed and applied. The 
pacemakers for both areas are modern mass spectrometric 
techniques as MALDI and ESI MS in combination with 
“true” high energy CID (TOF/RTOF) [4] experiments in 
combination with off-line and on-line high performance sepa-
ration techniques as well as lab-on-a-chip systems (capillary 
gel electrophoresis-on-a-chip with LIF detection). They 
are ideally suited for sensitive and comprehensive analy-
sis, especially in combination with the massive informa-
tion content of  today's genomic, proteomic, peptidomic 
and small molecule databases. Given the high diversity and 
dynamics of  peptides and proteins in snake venoms, clini-
cal chemistry, pharmacology and modern medicine are the 
prime potential application areas. The discovery of  relevant 
new pharmaceutical lead structures and drug targets will 
strongly benefit from snake venom peptidomics as well as 
proteomics.
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Mass spectrometric profiling of 
biological tissues — a comprehensive 
tool for histopathology
Zoltan Takats
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The recent advent of  ambient ionization methods enabled 
the mass spectrometric investigation of  a whole new set 
of  sample types, including unmodified biological tissues. 
Desorption Electrospray Ionization has been successfully 
employed for the imaging analysis of  native, frozen tissue 
sections, yielding unique information on the spatial distri-
bution of  low molecular weight tissue constituents. Besides 
the fundamental biochemical information, DESI imaging 
— similarly to MALDI imaging — also allows the histol-
ogy-level identification of  tissues and spectral information 
shows considerably good correlation with the presence/
status of  well characterized genetic markers used for pre-
dictive cancer diagnostics. While imaging mass spectrom-
etry has the potential of  revolutionizing molecular histopa-
thology, this experimental approach still does not solve the 
problem of  rapid tissue identification. In-situ, sometimes 
in-vivo tissue characterization has critical importance in 
case of  interventional cancer diagnostics (e.g. endoscopy) 
and surgical treatment of  solid tumors. Currently used so-
lutions include intraoperative frozen section histology, con-
focal laser scanning microscopy, in vivo fluorescent labeling 
of  tissues and intraoperative medical imaging. Practically 
all of  these technologies provide some level of  solution, 
however the problems regarding specificity, sensitivity, time 
demand and associated additional costs do not make any 
of  them an ideal and general solution. While imaging mass 
spectrometry cannot solve this problem due to the incom-
patibility of  ionization method with the physical charac-
teristics of  vital biological tissues, the recently developed 
Rapid Evaporative Ionization Mass Spectrometry (REIMS) 
method provides a dedicated solution. REIMS technique is 
based on the observation, that electrosurgical interventions 
involve the ionization of  certain tissue components, espe-
cially membrane lipids. As a consequence, the direct com-
bination of  electrosurgery with a mass spectrometer results 
in a tissue dissection technique, which also provides real-
time chemical analysis of  dissected tissues. Since REIMS 
profile of  biological tissues shows high level of  histologi-
cal specificity, the technology generally termed ‘intelligent 
surgical device’ or in a short form ‘iKnife’ is also able to 
identify tissues on practically real time, giving a highly valu-
able tool for cancer surgery.
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Profiling of phenolic compounds in 
monocotyledonous plants using HPLC-MS
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Monocotyledonous plants such as cereals and fodder grass-
es are a major source of  human foods and animal feeds 
worldwide. Phenolic compounds are abundantly present in 
leaves of  these plants as well as in grains and have many 
biological activities that influence plant adaptation to en-
vironmental stresses and the feeding quality of  products 
thereof. Our studies were performed on barley (Hordeum 
vulgare L.) and fodder grasses (mainly from Festuca and Lo-
lium genera). Phenolic compounds present in leaves of  these 
plants predominantly belong to phenylpropenoic acid de-
rivatives and flavonoid glycoconjugates. Aims of  this work 
were identification of  compounds and elucidation of  dif-
ferences of  their profiles within the species and between 
the species as well as their changes as a result of  plant re-
sponse to environmental stresses. HPLC-MS identifications 
of  the studied phenolic natural products were supported by 
the NMR analyses of  several purified compounds. Large 
numbers of  different metabolite structures were identified 
in leaves of  the studied plants: 162 phenolic compounds 
were detected in 18 cultivars of  fodder grasses and 217 in 
9 cultivars of  barley. The main groups of  metabolites were 
O-glycosides and C-glycosides of  flavones: (apigenin, lute-
olin, tricin and chrysoeriol), flavanone naringenin as well as 
flavonols (quercetin, kaempferol, isorhamnetin) and their 
derivatives. However, other phenolics such as phenylprope-
noic acids and their conjugates or hydroxycinnamoyl poly-
amines hordatines were also found. The sugar moieties of  
these compounds could be acylated with phenylpropenoic 
and in a low proportion with malonic acid. Patterns of  the 
glycosylation and sugar acylation were changeable in differ-
ent growth condition or developmental stages.
Drought and frost are abiotic stresses with a major impact 
on plant agricultural performance. Thus knowledge of  
mechanisms of  plant tolerance is a key issue for increas-
ing and stabilizing crop plant productivity. Phenolic com-
pounds are an important part of  plant response to various 
stresses. Evaluation of  their role in response of  spring bar-
ley (Hordeum vulgare L.) plants to drought and fodder grasses 
to frost was studied. Chromatographic data obtained dur-
ing the metabolite profiling were submitted to computa-
tional processing to select compounds that were differently 
accumulated in control and stressed plants and statistical 
analyses were applied to find significant differences.
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Functional genomics approach 
to unveil new gene players in 
plant response to salinity
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As sessile organisms, plants have evolved mechanisms of  
defense against various stressing factors, including salinity/
hyperosmotic stress. Despite extensive studies, the signaling 
cascades that lead to signal perception and plant response 
to salinity are not well recognized. Among the proteins that 
have been shown to be highly responsive to osmotic stress 
are SnRK2 (alias SRK2) proteins. They belong to a plant-
specific subfamily 2 of  sucrose nonfermenting-1 (SNF1) 
— related kinases. In Arabidopsis, nine out of  ten SnRK2s 
are rapidly activated by phosphorylation in response to 
osmotic stress, and some of  them are also responsive to 
a plant phytohormone, ABA. No upstream kinases that 
phosphorylate SnRK2s have been identified so far. Howev-
er, it has been shown that two separate pathways of  SnRK2 
activation exist: one that involves ABA and one that is 
ABA-independent. Little is known about the latter. So far, 
no downstream targets of  the ABA-independent signaling 
cascade (presumably transcription factors that are phos-
phorylated by SNRK2s) have been described. Therefore, 
to extend our understanding of  the molecular pathways 
underlying the plant response to salt stress, we focused on 
snrk2.4 and snrk2.10 genes, the products of  which act in 
an ABA-independent manner. We applied microarray tech-
nology combined with the meta-analysis of  available gene 
expression and proteomics data to functionally characterize 
the knock-of-function snrk2.4 and snrk2.10 mutants. Fur-
thermore, we showed that disruption of  those kinases leads 
to subtle but global changes in plant metabolism, even in 
unstressed plants, although the changes are not manifested 
by any obvious phenotype. Finally, we also identified some 
genes coding for 2C-type protein phosphatases the expres-
sion of  which was up- or down-regulated in the mutants.

O2.2

Analysis of the plasma proteome in 
chronic kidney disease in the context 
of progressive cardiovascular disease
Magdalena Łuczak1, Dorota Formanowicz2, 
Marek Figlerowicz1,3
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Poland, 2Department of Clinical Biochemistry, Poznan University of 
Medical Sciences, Poznań, Poland; 3 Institute of Computing Science, 
Poznan University of Technology, Poznań, Poland
e-mail: Magdalena Łuczak <magdalu@ibch.poznan.pl>

Chronic kidney disease (CKD), is a progressive loss of  re-
nal function over time. Interestingly, atherosclerosis is one 
of  the most serious and frequent complications occurring 
in patients suffering from CKD and is known to be a ma-
jor cause of  mortality in this group of  patients. Moreover, 
the risk of  cardiovascular events increases with degree of  
renal failure. On the other hand renal dysfunction is one 
of  the most serious complications in cardiovascular disease 
(CVD) patients. So, the close connection between kidney 
dysfunction and atherosclerosis is undeniable but mecha-
nisms that enhance the formation of  plaque in CKD pa-
tients are still unclear. The major goal of  these studies was 
better understanding the relation between CKD and CKD-
related atherosclerosis (CKDA).
We used 2DE and mass spectrometry methods to deter-
mine changes in the profiles of  plasma protein accumu-
lation during development of  CKD. Our studies involved 
healthy volunteers and four groups of  patients: patients in 
stage 1-2CKD (with first symptoms of  CKDA), patients 
in stage 3-4CKD (with advance symptoms of  CKDA), 
patients in stage 5CKD (with end stage renal disease un-
dergoing hemodialysis; with full symptoms of  CKDA) and 
patients with classical CVD (with unstable coronary artery 
disease and myocardial infarction, but without clinical signs 
of  renal dysfunction). Our analyses comprised both high-
and low-abundant proteins. All samples were subjected 
to 2DE and then qualitative and quantitative differences 
in the accumulation of  the individual proteins were deter-
mined. As a result, we identified proteins which accumula-
tion significantly differed among the analyzed groups. The 
data obtained were verified by selected reaction monitoring 
(SRM) which allows for tracking the selected fragmentation 
reactions and enable targeted quantitation of  protein abun-
dance in complex biological samples. We also analyzed the 
changes in the pattern of  plasma protein phosphorylation 
during the development of  CKDA. Our results shed some 
light on how the progression of  CKD influences the com-
position of  blood plasma proteins and what are the differ-
ences between blood plasma proteome in CKD and CVD 
patients. Moreover, we showed that the α-1-m protein is a 
potential early marker of  CKD.
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Modelling the risk of inhibitor 
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Haemophilia A is an X-linked genetic disease which is 
caused by defects in one of  the proteins in the clotting 
cascade, factor VIII, and which affects one in about 5,000 
boys. It has been associated with a large number of  mu-
tations of  different types, with, in general, the less severe 
phenotypes associated with missense mutations. Treatment 
of  this condition by replacing a patient’s endogenous factor 
VIII with therapeutic protein is extremely successful un-
less the patient develops inhibitory antibodies (inhibitors) 
against the therapeutic protein, and both genetic and envi-
ronmental risk factors for inhibitor development have been 
identified. We propose that inhibitors will only develop if  
a patient can present cell surface complexes between his 
class II MHC molecules and peptides derived from thera-
peutic (wild type) factor VIII that are different from those 
presented by his endogenous protein. We have developed 
a computational pipeline for assessing the risk of  a given 
patient with a known missense mutation but no MHC type 
data developing inhibitors: specifically, as T-cell activation 
is necessary, but not sufficient, for inhibitor development, 
this enables us to identify patients who are at negligible risk.  
Firstly, we identify a set of  15-residue peptides that contain 
the missense mutation (i.e. that differ between endogenous 
and therapeutic protein); then, we use a reputable and 
widely used neural network method, NetMHCII, to select 
any peptides in this set that bind tightly to at least one of  14 
common class II MHC molecules; and finally we determine 
whether the single difference between the endogenous and 
wild type complexes forms part of  their likely interface 
with the T-cell receptor. Despite the inevitable simplifica-
tions involved in modelling anything as complex as a hu-
man immune response, a comparison of  our predictions 
with clinical records taken from the Haemophilia A Muta-
tion Database (HAMSTeRS) has shown them to be accu-
rate enough to arguably be of  immediate clinical relevance.

O2.4

Mass spectrometric analysis of 
non-enzymatic posttranslational 
protein modifications
Łukasz Marczak
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e-mail: Łukasz Marczak <lukasmar@ibch.poznan.pl>

Mass spectrometry has grown up to become leading ana-
lytical tool in all proteomic researches, both qualitative and 
more recently also quantitative experiments are successful-
ly being performed using mass spectrometers. Especially, 
the advent of  soft ionization techniques such as electro-
spray (ESI) and matrix-assisted laser desorption ionization 
(MALDI) has leveled up the ability to analyze biological 
macromolecules. Proteomic analysis of  complex samples 
is a crucial step to understanding and characterization of  
diversity and function of  proteins present in organisms. 
However, in understanding the function of  proteins and 
their role in the studied processes also important are ac-
curate knowledge of  their structure and associated post-
translational modifications (PTMs). PTMs change the 
protein structure and modulate their function and activity 
by addition of  chemical group to the selected amino acid 
residue. Most of  the proteins in eukaryotes are modified 
at multiple sites. Such modifications as phosphorylation, 
glycosylation, methylation, acetylation are most common, 
but so far hundreds of  modifications have been described 
in literature and are available in databases gathering PTM 
information (FindMod, ABRF Delta Mass, Unimod, etc.). 
Studies of  proteins only on their native state give very lim-
ited view of  the proteome since their functions are often 
modulated or even activated by selected modifications. 
Thus only analysis of  modified proteins and peptides to-
gether with their other species gives insight into the real 
functioning of  protein in cell.
Most of  known PTMs are produced in reactions catalyzed 
by specialized enzymes and such modified proteins are 
targets for specific receptors or are directed to play exact 
role in many cell occurring processes. However, it is well 
known that proteins are also susceptible to various types 
of  non-enzymatic covalent modifications that occur under 
physiological conditions. Such modifications may not have 
importance for the protein or they may have little effect on 
its function. But sometimes, they can be noticeably harmful 
for the protein. These modifications are often difficult to 
study, because of  the need for complex and technologi-
cally demanding methods of  analysis to identify many of  
them. Thus, the role of  these modifications has not yet 
been determined, but recent studies have allowed us to bet-
ter understand these changes. In this presentation will be 
described various forms of  non-enzymatic modifications 
such as glycation, oxidation, and N-homocysteinylation of  
lysine residues present in proteins.
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A proteomic view of Staphylococcus 
aureus host-specific virulence factors
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Staphylococcus aureus is a widespread, opportunistic human 
and veterinary pathogen that causes a wide variety of  infec-
tions ranging from skin lesion to life threatening diseases. 
This dangerous pathogen exhibits rapidly increasing antibi-
otic resistance.
The bacterial colonization of  the host organism and the 
development of  invasiveness occurs through the so-called 
virulence factors that are mainly surface-exposed and ex-
tracellular proteins.
Recent genomic studies revealed that the strain genotype 
correlates with host tropism and virulence. Therefore it is 
inquiring to verify whether such correlation could be found 
at proteomic level. 
The aim of  the study was to look for proteins that can con-
stitute potential virulence factors. For this purpose differ-
ences in extracellular proteomes between carefully selected, 
well characterized, isolated from poultry, virulent and non-
virulent S. aureus strains were compared.
The study was conducted with the application of  two-di-
mensional electrophoresis, particularly justified as the most 
profitable way of  comparative analysis. Specifically the two-
dimensional difference gel electrophoresis (2D-DIGE) fol-
lowed by mass spectrometry based proteomic approach 
was used.
The whole task included seven pathogenic and five non-vir-
ulent paired strains. During the first part of  the experimen-
tal work mass spectrometry analysis were carried out only 
for proteins deriving from the three of  virulent strains. As a 
result hundreds of  proteins showing differential expression 
profiles were so far observed. Over thirty proteins were 
successfully identified. Some of  them are already known 
or are considered to be potential virulent factors e.g.  lipase 
1, phospholipase C, alpha-hemolysin, immunodominant 
staphylococcal antigen B, uncharacterized leukocidin-like 
protein 2, serine-aspartate repeat-containing protein E, bi-
functional autolysin, 1-phosphatidylinositol phosphodies-
terase were found as proteins showing mainly qualitatively 
but also quantitatively higher expression level.  
The results obtained in the course of  the complete ex-
perimental work may expand knowledge about molecular 
basis of  staphylococci virulence and may be helpful in un-
derstanding of  mechanisms that determined the S. aureus 
virulence.
Acknowledgements
The study was supported by Ministry of  Science and Higher Education, 
grant N N303 813340 (to BW).

O2.6

Proteomic analysis of Chelidonium majus 
plants grown in different stress conditions
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Greater Celandine (Chelidonium majus L.) plant belongs to 
Papaveraceae family and is a rich source of  various bio-
logically active substances. Milky sap (latex) and extracts 
of  Ch. majus plants are used in traditinonal folk medicine 
to treat papillae, warts, condylomas, which are visible ef-
fects of  human papilloma virus (HPV) infections. It was 
shown, that Ch. majus extracts have antimicrobial, antiviral, 
antitumor, anti-inflammatory, antifungal, and fungistatic 
properties [1]. Recent findings using two-dimensional elec-
rophoresis (2-DE) and tandem mass spectrometry analysis 
(LC-MS/MS) show, that Ch. majus latex is a complex mix-
ture of  21 defence- and pathogenesis-related (PR) proteins 
[2].
The goal of  present study was to identify differences in 
protein profiles of  2-D gels with proteins isolated from 
Ch. majus plants grown in different biotic (viral infection) 
and abiotic (salinity, drought) stress conditions and identifi-
cation of  selected proteins with enhanced expression using 
LC-ESI-MS/MS protein identification.
Chelidonium majus plants collected from natural habitats near 
Poznan were planted and grown in different kinds of  stress 
conditions: potyvirus infection, salinity stress and drought 
stress. Proteins were isolated using TCA/acetone method 
and subjected to isoelectrofocusing (IEF) using 7–13 cm 
IPG strips (GE Healthcare) using IEF unit (Cleaver Sci-
entific). Second dimension electrophoresis was performed 
in standard SDS-PAGE gel conditions after IPG strip 
equilibration. 2-D gels were stained with silver [3] and ana-
lysed using Phoretix2D software (Nonlinear Dynamics) 
to identify similarities and differences between technical 
replicates (reference gels) and between different samples. 
Selected protein spots were were subjected to liquid chro-
matography tandem mass spectrometry (LC-ESI-MS/MS) 
analysis, which was conducted in the Laboratory of  Mass 
Spectrometry, PAS, Warsaw, Poland, using LTQ Orbitrap 
(Thermo,USA) mass spectrometer. The data was analysed 
by Mascot Search.
Results showed that Ch.majus plants grown in different 
stress conditions showed enhanced expression of  several 
defense- and stress-related proteins. Some of  them be-
longed to pathogenesis-related (PR) protein group. Plant 
infected with virus (after 7 days) showed the enhanced ex-
pression of  germin-like protein (PR-16), heat-shock pro-
teins (hsp70) and superoxide dismutase (SOD). Ch.majus 
plant grown in drought stress showed the expression of  
electron transfer flavoprotein-ubiquinone oxidoreductase, 
glyceraldehyde-3-phosphate dehydrogenase and heat-
shock proteins.Salinity stress (2M NaCl, 24 h) showed the 
enhanced expression of  glycine-rich protein (GRP).
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De novo genomic structural rearrangements may be gener-
ated as the post-zygotic event in ontogenesis. Depending 
on the time-point of  origin this kind of  alterations is pre-
sent in a variable percentage of  cells that make up the adult 
organism. This phenomenon is referred to as somatic mo-
saicism. The somatic mosaicism for structural rearrange-
ments is an inherent feature of  breast cancer. Premalignant 
and ultimately cancer cells are believed to gain selective 
advantage due to genome destabilization which facilitates 
selection of  cells with the best fit to become cancer cells.
We evaluated a set of  tissues from a cohort of  breast can-
cer patients in order to indentify DNA copy number altera-
tions that occur early in cancer development. Using array 
based comparative genomic hybridization we tested pe-
ripheral blood leukocytes, healthy mammary tissue, prima-
ry tumor and corresponding lymph node metastases. The 
experiments were carried out on the whole genome 135K 
array and the positive findings were further narrowed down 
with the 720K genome tiling array (Roche-NimbleGen).
We identified a subset of  patients (8% of  cases) with gross 
genomic aberrations already in healthy glandular tissue 
which was derived from a distant location than that of  the 
tumor. These aberrations are present in at least 10% of  
cells and coincide with regions that are known as genomic 
signatures of  breast cancer. In the context of  somatic mo-
saicism, these facts indicate early onset of  DNA copy num-
ber variability in mammary tissue. Additionally, recurrence 
of  certain aberrations opens up possibility of  developing 
diagnostic assays.
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From the whole genome sequencing to 
a single receptor function — functional 
genomics of selected 7- transmembrane 
receptors potentially involved in 
pathogenesis of metabolic disorders
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Metabolic disorders are emerging as serious medical and 
social problems in a developed world. Prevention, diagnos-
tic and treatment of  these diseases require better under-
standing of  their complex aetiology. Gene polymorphism 
is among the risk factors causing type 2 diabetes mellitus, 
obesity, cardiovascular disorders and other diseases related 
to malfunctions in metabolism. Various point mutations 
might affect regulation of  appetite, energy expenditure, 
hormone secretions and others physiological functions.
The objective of  our study is to identify and functionally 
characterise novel mutations which might be related to 
development of  metabolic disorders. We primarily inves-
tigate molecular and cellular consequences of  novel, rare 
7-transmembrane (7TM) receptor variants associated with 
metabolic diseases and identified in the exome sequenc-
ing of  2000 individuals, the half  of  whom were diabetic 
and/or obese patients and the other half  constituted of  
healthy controls, performed by the LuCAMP consortium 
(The Lundbeck Foundation Centre for Applied Medical 
Genomics in Personalised Disease Prediction, Prevention 
and Care).
Many of  7TM receptors are known to be crucial for the 
regulation of  enteroendocrine system, sensation of  metab-
olites gastrointestinal tract as well as to be the sensors for 
various neurotransmitters. Neuromedin U is a peptide hor-
mone involved in regulation of  appetite, smooth muscles 
contraction, and blood pressure. The functional genom-
ics of  selected 7TM receptors resulted in identification 
of  several novel variants of  the neuromedin U receptor 2 
(NMUR2) which alter its physiological function.
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Atherosclerosis is a disease of  large and medium arteries 
and is characterized by endothelial cell dysfunction, vascu-
lar inflammation, and buildup of  lipids, calcium, etc. within 
the intima of  the vessel wall. This results in plaque forma-
tion, vascular remodeling, luminal obstruction, abnormali-
ties of  blood flow and diminished oxygen supply to tar-
get organs [1]. Despite the considerable progress that has 
been made in treatment of  atherosclerosis and following 
disorders in the past thirty years, there is still lack of  non-
invasive diagnostic and prognostic tools. What the clinic 
is especially lacking is an assay able to detect and monitor 
early subclinical atherosclerotic changes in the patients in a 
simple, non-invasive manner. The very first event leading 
to plaque development is endothelial cell (EC) dysfunction, 
which is caused by activation of  endothelial cells by endog-
enous and exogenous pro-inflammatory ligands. This caus-
es elevated expression of  numerous secreted chemokines 
and cytokines, as well as membrane bound adhesion mol-
ecules.
Our group took on a combined approach to study this phe-
nomenon. By employing a simplified cell culture model we 
dissected molecular pathways taking part in the develop-
ment of  EC dysfunction. We were able to show that two 
factors contributing to atherosclerosis — IFNγ and LPS 
— utilize the same transcription factor of  the STAT family, 
which causes augmented expression of  a chemokine IP10 
and adhesion molecule ICAM-1 [2] To find additional po-
tential marker genes, we studied endothelial cell transcrip-
tional response to IFNγ treatment by microarray, and were 
able to identify chemokines (IP10, CXCL11, CCL8, CCL2) 
and adhesion molecules (HAPLN3) which are highly in-
duced by this pro-inflammatory factor. In addition, we also 
studied response to IFNγ of  vascular smooth muscle cells, 
another component of  the plaque. Among highly induced 
genes we found chemokines: CXCL9, CCL8, CCL11 and 
adhesion molecule: CD274. Finally, using meta-analysis 
techniques we combined the above results with transcrip-
tional profiles of  atherosclerotic plaques and leukocytes 
from patients available in public microarray data reposito-
ries.
This multifaceted approach resulted in discovery of  po-
tential markers of  atherosclerosis progress, which we plan 
to use in development of  a non-invasive clinical diagnostic 
and prognostic assay. Marker verification will be conducted 
on a population of  patients with varying stages of  athero-
sclerosis development.
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Thymidylate synthase (TS) and dihydrofolate reductase 
(DHFR) belong to the most significant proteins in a cell, 
essential to its existence and division. The enzymes catalyze 
the sole de novo thymidylate biosynthesis, a process neces-
sary for DNA synthesis and repair. The deficiency of  either 
enzyme leads to cell death, making both of  them highly 
important drug targets. Inhibitors of  these enzymes are 
used in the treatment of  many pathology disorders such 
as cancer, autoimmune diseases and infections (malaria, 
pneumonia).
It is known that in majority of  organisms, including hu-
mans, TS and DHFR exist as separate enzymes. Usually 
TS is a dimer consisting of  identical subunits of  about 35 
kDa, of  which amino acid sequence is one of  the most 
conserved among known proteins (over 90% of  homol-
ogy among mammals and over 80% of  homology between 
mammals and bacteria) (Ivanetich et al 1990). DHFR is 
generally a monomer of  about 20 kDa. The enzyme has 
homologous sequence among vertebrate species (about 
75-95% of  homology). However, homology of  vertebrates 
DHFR sequence to lower eukaryotes or bacteria DHFR 
sequence is about 30% (Cody et al 2008). On the other 
hand, in protozoa and plants DHFR and TS are encoded 
by a single gene and expressed as one bifunctional DHFR-
TS polypeptide chain, with DHFR domain on the amino 
terminus and TS domain on the carboxyl terminus. Both 
domains have autonomous binding sites and reveal the 
same properties as monofunctional proteins. Moreover, the 
interaction between domains in native high-order structure 
of  DHFR-TS enzyme has been shown, and physical pres-
ence of  DHFR has been proved necessary for biological 
activity of  TS domain. What is more, a substrate “chan-
neling” between two enzymatic domains, leading to the 
direct transport of  dihydrofolate (product of  reaction cata-
lyzed by TS and substrate for DHFR) from TS to DHFR 
active site, has been presented. The process is much faster 
than dihydrofolate release to solvent and most likely de-
pends on electrostatic interactions (Grumont et al 1986; 
Ivanetich et al 1990).
Therefore, taking into account above mentioned studies 
on bifunctional DHFR-TS protein, presented by other 
authors, we hypothesize the formation of  active complex 
between human DHFR and TS during DNA synthesis. 
Our studies, involving native electrophoresis and Western 
and Far-Western experiments, suggest mutual interactions 
between these enzymes. Furthermore, the protein-protein 
binding has been additionally characterized by various 
methods, including microscale thermophoresis and quartz 
crystal microbalance.
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Gamma irradiation of  red blood cells (RBCs) to prevent 
graft versus host disease has been well-established practice 
in transfusion medicine. Although the quality of  stored 
RBCs has improved with the use of  anticoagulant/addi-
tive solutions these storage conditions do not fully pre-
serve viability and function of  pre-irradiated RBCs. There 
is evidence that oxidative damage to lipids and proteins can 
contribute to RBC injury during storage. Vitamin C is an 
essential nutrient for humans and a powerful hydrophilic 
antioxidant. It is able to scavenge all types of  reactive oxy-
gen species including the most toxic hydroxyl radical.
The aim of  the study was to investigate the effects of  vita-
min C on post-irradiated changes generated in the stored 
RBCs. The cells were irradiated with a dose of  50 Gy in 
the presence of  vitamin C (1–25 µM), or without the anti-
oxidant, and stored at 4ºC. The appropriate non-irradiated 
RBCs, stored in the presence or absence of  vitamin C, 
served as controls. At the 1-, 10- and 20-day of  storage the 
level of  lipid peroxidation (expressed as a concentration of  
thiobarbituric acid reactive substances; TBARS) and glu-
tathione (GSH) in RBCs (washed with PBS) as well as total 
antioxidant status (TAS) in plasma were measured.
It was shown that in irradiated and non-irradiated RBCs 
vitamin C resulted in a moderate decrease of  the TBARS 
concentration and increase of  GSH concentration, com-
pared to control RBCs (without vitamin C). In non-irradi-
ated RBC concentrates addition of  vitamin C caused the 
increase of  plasma TAS, at 1-, 10- and 20-day of  storage. 
The observed changes were vitamin C concentration-de-
pendent. In contrary, in RBC concentrates irradiated in the 
presence of  vitamin C, a vitamin concentration-dependent 
increase in TAS was observed only at 1-day of  storage. The 
results suggest that vitamin C showed antioxidant and ra-
dioprotective activity in stored RBCs.
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Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a 
circulating protein, that binds to the surface receptors for 
low density lipoproteins (LDLR) and activates their lysoso-
mal degradation inside cell. This leads to increased level of  
circulating LDL cholesterol (LDL-C) in plasma and devel-
opment of  hypercholesterolemia. The significant role of  
PCSK9 in the development of  metabolic disorders have 
been proven during genetic studies on PCSK9. Mutations 
in PCSK9 were classified as gain-of-function (GOF) or 
loss-of-function (LOF) when associated with hypercho-
lesterolemia or hypocholesterolemia, respectively. Over-
expression of  PCSK9 results in marked reduction in the 
hepatic LDLR level, lower LDL clearance from the plasma 
and increased risk of  atherosclerosis, whereas deletion of  
PCSK9 increases LDLR protein expression on the hepato-
cyte surface and reduced levels of  circulating LDL-C. Since 
the relationship between PCSK9 and the development of  
hypercholesterolemia was confirmed, it was suggested that 
strategies inhibiting PCSK9 synthesis would decrease plas-
ma cholesterol levels, and in consequence prevent or slow 
the development of  atherosclerosis.
Our investigations show the potential of  inhibiting PCSK9 
expression in HepG2 cell line on the abundance of  LDLR. 
HepG2 cells were incubated with three different siRNA 
duplexes in the final concentration of  30nM. Cells/me-
dia were harvested after 48 hours and prepared to further 
analyses. Real-time PCR was used to analyze the levels of  
PCSK9 and LDLR mRNA in transfected cells. The con-
centration of  PCSK9 protein in medium, in both analysed 
and control cells, was measured with the use of  enzyme-
linked immunosorbent assay (ELISA), while the density 
of  LDLR on the cells surface was quantified using flow 
cytometry.
Treatment with a single dose of  siRNAs efficiently silenced 
the mRNA of  PCSK9 with a concomitant increase in 
LDLR protein levels after transfection. In the investigated 
cell line the amount of  PCSK9 mRNA and the concentra-
tion of  protein decreased by 40% and 30–40%, respectively. 
Moreover, inhibition of  PCSK9 expression was associated 
with up to a 30% increase in hepatic level of  LDLR pro-
tein, without any changes in the LDLR transcript amount.
These findings confirm the hypothesis about the relation-
ship between the activity of  PCSK9 and the level of  LDLR 
on the cell surface and suggest that anti-atherogenic poten-
tial of  PCSK9 silencing can be useful in the treatment of  
cardio-vascular disorders.
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The rsfp gene was discovered during examination of  an Ant-
arctic soil-derived metagenome library for the presence of  
Escherichia coli clones exhibiting lipolytic activity. One of  the 
analyzed clones, without any lipase activity, revealed an ex-
traordinary phenotype characterized by a pink fluorescence 
of  the bacterial colony on rhodamine B containing agar 
plates under UV illuminations. We proved that accumula-
tion of  rhodamine B (RB) in E. coli cells caused by expres-
sion of  this metagenome — derived gene was responsible 
for pink fluorescence of  bacterial colony. The rsfp (rhoda-
mine specific fluorescent protein) gene product shows 93% 
identity to the methylthioadenosine phosphorylase of  Psy-
chrobacter arcticus 273-4. The MTA phosphorylase is respon-
sible for conversion of  5’-metylthioadenosine to 5’-methyl-
thioribose-1 phosphate in the first step of  the methionine 
salvage pathway responsible for a sulfur metabolism in the 
cells of  most Eukaryotes, Archaea and some Bacteria e.g. 
Pseudomonas. MTA phosphorylase is metabolically linked 
to S-adenosylmethionine-related biological processes, such 
as quorum sensing, methylation reactions, purine salvage 
and polyamine biosynthesis. Human MTA phosphorylase 
is known as an ubiquitously expressed house keeping gene 
in normal human tissues and cells. This enzyme has been 
also found to be deficient in a variety of  human cancers. 
This difference between the normal human cells and some 
human cancers cells is examined as a base for new experi-
mental cancer treatments.
In the presented study we confirmed that RB molecules 
bind to RSFP, which may explain RB accumulation and 
fluorescence in E. coli cells expressing rsfp gene. The crys-
tal structures of  apo RSFP and RSFP/RB complex were 
obtained and analyzed. The native form of  this protein is 
a trimer consisting of  three identical subunits with one RB 
binding site in each monomer. To investigate the binding 
pocket of  RB in the RSFP we performed site directed mu-
tagenesis experiments of  rsfp gene. The residues identified 
in the crystal structure of  the complex RSFP/RB as inter-
acting with RB: Ser22, Asp222, Asp224 were mutated to 
Alanine. The sequencing of  the new variants of  rsfp gene 
and the examination of  the “pink fluorescence” phenotype 
of  the resulted recombinant E. coli strains confirmed that 
Asp222 and Asp224 residues are crucial for the binding RB 
to RSFP. The both mutants do not show the pink fluores-
cence phenotype of  E. coli expressing the rsfp gene.
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Recently, the study focused on the search for new diagnos-
tic and therapeutic agents are increasingly ongoing.
Phage display is one of  the techniques which allow to ob-
tain large amounts of  proteins, enzymes and ligands in 
relatively short time. Phage display technique is utilized in 
studying protein-ligand interactions, receptor binding sites 
and to improve or modify the affinity of  proteins for their 
binding partners. The important advantage of  this technol-
ogy is also generation of  monoclonal antibodies, improve-
ment of  their affinity and identification of  epitopes, mi-
motopes, functional or accessible sites from antigens. The 
broad applicability of  this technique allows its application 
in many areas of  medicine. One of  them is vaccine design 
and infection treatment. This technique could be use not 
only to epitope studies and vaccine design but also to con-
struct novel vaccine delivery tools. Moreover, phage DNA 
vaccines and hybrid phage vaccines have been suggested. 
Phages have been reported as the adjuvant-like particles, 
which allows to enhance the immunization process. The 
hybrid phage vaccine is supposed to induce effectively 
humoral and cellular response. This technique allows to 
display not only antigen but also targeting molecule and 
appears to have potentially significant advantage for goal 
directed therapy.
Phages have been considered as anti-viral agents for control 
of  HIV, HBV and HCV, HSV-1, HPV and various NSRV 
infections. Furthermore, phage display was considered as 
anti-bacterial and anti-fungal agents for Neisseria meningitidis 
serotypes A, B and C, Staphylococcus aureus, Klebsiella pneu-
moniae, Streptococcus pneumoniae, Mycoplasma pneumoniae, Pseu-
domonas aeruginosa and Candida albicans. Phage virions are 
also used in experimental anti-bacterial therapies for treat-
ment antibiotic-resistant infections.  
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Glioblastoma (GBM) is a highly aggressive tumour of  the 
central nervous system. Despite the high molecular diver-
sity and the histological heterogeneity, the prognosis for all 
glioblastoma patients remains grim – rarely more than 1–2 
years from the diagnosis, given the best therapeutic option 
is possible. The aim of  this study was to analyse the possi-
ble influence of  the TP53 mutation (within exons 4–8) and 
of  the homozygous deletion of  CDKN2A on the GBM 
prognosis (both directly and depending on the age, therapy 
applied and their coincidence). The analysed group con-
sists of  83 patients (aged from 23 to 84 years; M:F ratio is 
1,18; survival times ranged from 1 to 48 months). In the 
direct analysis neither the mutation nor the deletion seem 
to influence the prognosis. In the analysis of  the separate 
age groups (threshold of  60 years) both alterations seem 
to present a degree of  variation. The TP53 mutation may 
potentially be related to a better prognosis in younger pa-
tients (but was not confirmed in the multivariate analysis), 
which was not observed in the older patients. On the other 
hand, the correlation of  the CDKN2A deletion with a bet-
ter prognosis may be suspected in older patients only (but 
was not confirmed in the multivariate analysis). The coin-
cidence of  both alterations seemed to be associated with a 
better prognosis according to the univariate analysis, which 
was, however, negated by the multivariate analysis. Whether 
the radiotherapy was applied or not seemed to not affect 
the prognostic value neither of  the mutation nor of  the 
deletion. In conclusion, although the performed analysis 
identified little prognostic value of  the TP53 mutation and 
CDKN2A deletion, it suggested that the biology of  glio-
blastoma may not be identical in younger and older patients 
and requires an additional insight.
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Serine proteases are group of  enzymes that cleave pep-
tide bonds in proteins. Occurring  in all serine proteases 
conserved active center is located inside the molecule and 
contains amino acid residues Ser 195, His 57, and Asp 102, 
which are called the catalytic triad. Thrombin, also known 
as an active plasma coagulation factor II belongs to the 
family of  serine proteases and plays a central role in hemo-
stasis by inducing platelet aggregation and blood coagula-
tion. Thrombin cleaves the peptide bonds on the carboxyl 
side of  arginine in fibrinogen and some other proteins of  
blood clotting. The process of  thrombin generation is the 
central event of  the hemostatic process and regulates blood 
coagulant activity. For this reason the thrombin inhibition 
is a key for successful novel antithrombotic pharmacother-
apy. Researches carried out in the last years provide evi-
dence that polyphenol compounds are able to inhibit activ-
ity of  many enzymes including serine proteases. The aim 
of  our study was to examine the effects of  the polyphenol 
compounds on amidolytic activity of  human thrombin and 
characterization of  thrombin interaction with polyphenols 
by bioinformatic analysis, selected in previous stage.
Human thrombin and polyphenol compounds (gallic acid, 
ferulic acid, caffeic acid, chlorogenic acid, coumaric acid, 
resveratrol, cyanin, cyanidin, epicatechin, catechin, pro-
cyanidin B1, naringenin, naringin, hesperetin, hesperidin, 
quercetin, rutin, genistein and sylibin) were purchased from 
Sigma-Aldrich. Thrombin was preincubated with polyphe-
nolic compounds (at the concentration range from 1 to 
1000 µM) and the activity was estimated by measuring the 
hydrolysis of  chromogenic substrate S-2238® (D-Phe-Pip-
Arg-pNA). Ligand docking was computed with AutoDock 
Vina 1.0 and analysis of  three-dimensional structure of  
proteins performed with AutoDock tools v 1.5.6rc1.
In our study we observed that only polyphenols belonging 
to flavonoids group such as (+)-catechin, (-)-epicatechin, 
cyanidin, cyanin, quercetin, rutin and silybin had inhibitory 
effect on thrombin amidolytic activity. Cyanidin demon-
strated the strongest inhibitory effect IC50=2.5 µM. Bioin-
formatic analysis showed that all of  this compounds bound 
in the vicinity of  the thrombin catalytic triad. The strong-
est affinity of  cyanidin (–6.2 kcal/mol) near Asp 102 in 
thrombin active center explains its potent inhibitory effect 
on thrombin amidolytic activity. Subsequently, rutin and si-
lybin also interacted with the exosite I which is fibrinogen 
binding site.
The results presented here showed that flavonoids have 
strong antithrombin properties. These findings might help 
to find natural and safe direct inhibitors to prevent patho-
logical processes in which thrombin is involved.
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Nuclear Magnetic Resonance (NMR) it tis very popular 
technique used in modern medicine. Its most popular ap-
plication is diagnostic and therapy planning for tumours. 
The technique is based on a phenomenon of  magnetic res-
onance that occurs for spin type nucleons that are placed 
in homogenous magnetic field. Its spin is then interrupted 
by external electromagnetic pulse and wave emitted when 
they back to the equilibrium state is measured. Raw signal 
obtained from spectrometer contain a group of  distortions 
and unwanted components such as phase error, baseline 
and noise. They all should be removed from data before 
final analysis in a process called by authors pre-processing. 
One of  the most important of  them is phase correction 
that changes whole outlook of  both (dispersion and ab-
sorption) parts of  frequency NMR spectrum. There exists 
two ways of  dealing with the problem: manual and auto-
matic. First approach is based on interaction with expert 
that estimates parameters and tune them according to par-
tial result. Second family consist of  fully automatic meth-
ods that estimates parameters and give final result accord-
ing to assumed measure of  quality. Authors chose the four 
the most popular of  them. They were briefly examined 
and implemented. For three of  them authors proposed 
new way of  parameter estimation, mostly by setting initial 
starting points, and for some authors proposed new qual-
ity criterion that might be used. For the method Autom-
ics and based on entropy minimization authors proposed 
new adaptive way of  solving the problem. The proposed 
algorithms modifications were tested with use of: large data 
set of  simulated spectra as well as for set consist of  clinic 
data obtained from Siemens spectrometer. Simulated spec-
tra were used to observe the precision of  estimation input 
distortion at the output of  the algorithms. Result, in a form 
of  modified algorithms and comprehensive comparison of  
all of  them, might be used as a reference for the persons 
that work with NMR analysis in their experiments.
Ackowledgements
This work was supported by: “DoktoRIS - Program stypendialny na rzecz 
innowacyjnego Śląska”.

P2.9

Alterations in proteome of potato 
induced by soil drought
Dominika Boguszewska-Mańkowska1, Barbara Zagdańska2

1Plant Breeding and Acclimatization Institute, Division Jadwisin, Potato 
Agronomy Department, Radzików, Poland; 2Warsaw University of Life 
Science, Biochemistry Department, Warsaw, Poland
e-mail: Dominika Boguszewska-Mankowska <dboguszewska@gmail.com>

Potato is an economically important and moderately sensi-
tive crop to water deficiency. Even short period of  drought 
cause yield decrease. However, variations in drought resist-
ance have been observed among different potato cultivars 
(Boguszewska et al., 2010). An active adjustment of  plant 
to water scarcity in environment is mediated by changes in 
gene expression which result in alterations in protein syn-
thesis. But the stress-induced changes in gene expression 
at transcript level do not correspond often to the changes 
in plant proteome. Therefore, research aims at molecular 
mechanisms in response to unfavourable environmental 
conditions by comparative proteomic approach are needed.     
To investigate the initial response of  potato to drought, 
changes in the protein expression profiles of  drought-sen-
sitive (Cekin) and drought-tolerant (Tajfun) cultivars were 
analyzed. Potato plants, three weeks after initiation of  tu-
berisation, were subjected to soil drought by water shortage 
for 14 days. Proteins were extracted from tubers and sepa-
rated by two-dimensional polyacrylamide gel electrophore-
sis. During gel image processing up- and down-regulated 
proteins were assayed due to choose molecular markers of  
the drought tolerance (Zerzucha et al., 2012). Proteins were 
detected using mass spectrometry (Institute of  Biochemis-
try and Biophysics, Polish Academy of  Sciences). 
It has been found that in tubers of  drought sensitive cul-
tivar new proteins were synthesized de novo upon soil 
drought. Three of  them belong to the cytosolic class I 
small heat shock proteins (sHSP) as judged on an identity 
or an extensive homology with the highest probability. This 
superfamily is a ubiquitous and evolutionarily conserved 
group of  molecular chaperons protecting proteins against 
denaturation, misfolding or aggregation under various un-
favourable environmental conditions It has been shown 
previously that the expression and accumulation of  sHSP 
(12–40 kDa) is triggered by extreme temperatures, salin-
ity, osmotic and oxidative stresses (Jiang et al., 2009). On 
the contrary, in tubers of  drought-exposed tolerant culti-
var (TB) the expression of  new proteins has not been ob-
served. Instead of, the up-regulation of  four proteins were 
noted. The knowledge of  potato stress-related proteins 
could help to understand the molecular basis of  potato 
drought tolerance.
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Introduction: Progression of  CKD is associated with 
impaired prooxidant-antioxidant balance. This may result 
from deficiency of  antioxidants or excess production of  
ROS. Dialysis is accompanied by increased oxidative stress 
caused by dialysis procedure.
Materials and Methods: In 23 patients, peritoneal dialysis, 
54 hemodialysis and 68 patients treated conservatively at 
3.4 and 5 of  chronic renal disease, the activity of  erythro-
cyte antioxidant enzymes (SOD, CAT, GPx, GSSG-R, GST 
and G6PDH), the concentration of  selected parameters of  
non-enzymatic antioxidant system such as the concentra-
tion of  reduced glutathione (GSH), albumin and uric acid 
were measured. The results were statistically analyzed using 
the statistical program STATISTICA PL v 10.1. Statistical 
significance was assumed at p<0.05.
Results: In patients on peritoneal dialysis compared with 
patients treated hemodialysis were: significantly lower SOD 
activity (postHD p=0.002) and GST (postHD p=0.05), 
significantly higher CAT activity (postHD p=0.04), 
GPx (postHD p=0.03), G6PDH (preHD p=0.003) and 
GSSG-R (preHD p=0, 04, and postHD, p=0.03), signifi-
cantly higher concentrations of  GSH (preHD p=0.01, 
postHD p=0.00001), albumin (preHD p=0.0001, postHD 
p=0.00001) and uric acid (in HD p=0.02).
In peritoneal dialysis patients compared with patients treat-
ed conservatively were: significantly lower CAT activity 
(p=0.01) and GPx (p=0.04), significantly higher concentra-
tions of  GSH (p=0.002) and albumin (p=0.00001), signifi-
cantly lower levels of  uric acid (p=0.0001).
Conclusion: Peritoneal dialysis is associated with better 
antioxidant protection compared with hemodialysis and 
conservative treatment. Peritoneal dialysis is associated 
with higher disturbances in carbohydrate and lipid metab-
olism in comparison with hemodialysis and conservative 
treatment.
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Proline dipeptidyl peptidase-4 (EC 3.4.14.5), known also 
as CD26, is an enzyme belonging to serine proteases that 
are common in the human body. It occurs in two forms – 
membrane-bound and soluble.
Dipeptidyl peptidase-4 plays a pivotal role in modifica-
tion, transformation and/or inactivation of  cytokines, 
chemokines, neuropeptides, growth factors, etc. The regu-
latory role of  DPP4 is based on its ability to cut off  di-
peptides form the N-terminus of  oligo- and polypeptides 
in the places of  alanine (Ala) or proline (Pro) occurrence. 
DPP4 is the main factor that limits half-lives of  biologically 
active peptides. There are over 63 known substances that 
may be specifically bound to it.
Opioid peptides — β-casomorphins — that are cre-
ated as a result of  enzymatic hydrolysis of  milk proteins 
in the digestive tract are exogenous substrates of  DPP4. 
β-casomorphins are capable of  permeating through the 
intestinal and the blood-brain barriers as well as of  trigger-
ing biological effects. β-casomorphins are decomposed and 
inactivated under the influence of  DPP4.
The enzymatic activity of  DPP4 is changeable within in-
dividuals and species and it depends on numerous factors 
- including the age and health. Its lowered activity is notice-
able in people with neurosis, depression and under stress. 
Expression of  the DPP4 gene is observed in allergies, auto-
immune diseases, and various human types of  cancer.
The aim of  the research was to identify the DPP4 activity 
in blood sera of  healthy people. Also, the affinity of  se-
lected β-casomorphins to the enzyme and the influence of  
physical factors on the enzyme durability were investigated.
The DPP4 activity was identified with a modified Hino 
method. The affinity of  β-casomorphins was identified 
on the basis of  the peptide degradation velocity using the 
high-performance liquid chromatography (HPLC).
The DPP4 activity in the blood sera of  healthy people was 63 
U/L on average. The obtained results show that DPP4 is a 
relatively thermostable enzyme and insensitive to the frost-
ing and defrosting process. However, it was identified that 
dehydration of  the enzyme (lyophilization) is a factor that 
may influence its activity. Out of  the examined substrates, it 
is human β-casomorphin-5 that manifests the highest affin-
ity to DPP4. Bovine and human β-casomorphin-7 manifest 
two times lower affinity to the examined enzyme. In the 
examined peptides, bovine β-casomorphin-5 was of  the 
lowest affinity to DPP4. 
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Anterior cruciate ligament tear is one of  the main causes 
of  developing secondary osteoarthritis in knee joints. Pa-
tients who have suffered knee joint traumas are 5-times 
more likely to develop secondary osteoarthritis. Second-
ary osteoarthritis is associated with an increased level of  
degenerative enzymes metalloproteinases (MMP). Matrix 
metalloproteinases are a member of  a zinc-dependent en-
dopeptidases. Their main enzymatic function is remodeling 
extracellular matrix through degradation of  its protein. 
Both regenerative and degenerative processes remain in 
physiological balance. However,  owing to various factors, 
most notably ligament tears, the physiological balance is 
disrupted and the overexpression of  proteolytic enzymes 
such as metalloproteinases occurs. The recent studies show 
that MMPs are playing an important role in degenerative 
processes in osteoarthritic knee joints.
The aim of  this study is to evaluate differences in RNA ex-
pression between MMP-1, MMP-13 (collagenasses) MMP-
3 (stromelysin), and MMP-9 (gelatinase), in anterior cruci-
ate ligament tear.
26 patients were included in this study. The group con-
sisted of  21 males  and 7 females, their mean age of  27,9 
years (SD 5,9). Few-millimeter samples of  the anterior cru-
ciate ligaments were taken from the damaged area. They 
were extracted during knee arthroscopy procedure. RNA 
was isolated from each anterior cruciate ligament sample 
and  was later analyzed by using specific primers and real 
time PCR.
The MMP-13 enzyme seems to have the biggest influence 
on knee structure degeneration in patients with knee trau-
ma. The study also revealed a nonsignificant difference in 
enzyme levels with regard to different timeframes since the 
tear occured.
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In laboratory conditions, a DNA fragment may be multi-
plied using the PCR method. Commercially available mixes, 
which include polymerase, deoxyribonucleotide triphos-
phates, buffer and magnesium ions, may be used for that 
reaction. Their producers recommend that they should be 
kept at –20°C, otherwise they may loose their activities.
Polymerase is an ingredient of  the mix that is the most sen-
sitive to temperature. In molecular biology, that enzyme is 
responsible for additional synthesis of  a DNA fragment in 
the PCR. The Taq polymerase, isolated from the Thermus 
aquaticus bacteria, is used most often.
During the PCR, the mix ingredients must be as resistant to 
high temperatures (from 50 to 95°C for ca. 30 seconds), as 
not to degrade in the following steps of  the reaction.
The aim of  the experiment was to verify if  storing mixes 
in temperatures other than recommended by their produc-
ers may influence the quality of  the PCR. Moreover, it was 
investigated if  multiple frosting and defrosting of  a mix 
influenced its efficiency in the reaction.
To verify the reagent thermostability, some commercially 
mixes were selected and incubated for 12, 24, 48, 72 hours 
and 7 days in two temperatures: in 4°C (a refrigerator), and 
in the room temperature (22°C). The reagent resistance 
to frosting-defrosting was verified by its multiple frosting 
(–20°C) and defrosting.
In the next phase of  the research, the PCR was carried out 
using every mix — the same reaction conditions, reagents 
(primers, autoclaved water) and DNA; only the examined 
mix was different. Upon the PCR, an electrophoresis in 
agarose gel was carried out. The obtained band was an evi-
dence of  a proper PCR. No band in the strip with the ex-
amined probe was a proof  of  reagent degradation. 
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Legionellae are Gram-negative facultative bacteria found 
in moist natural environments as intracellular parasites of  
protozoa. The virulence mechanisms evolved by these bac-
teria enable attachment, survival, and replication inside hu-
man macrophages and infection of  alveolar macrophages 
can cause a severe form of  pneumonia in humans — Le-
gionnaires’ disease. The highly specific interactions of  Le-
gionella with host organisms, which allow them to gener-
ate a replication-permissive niche, depend mainly on the 
components of  the cell envelope: proteins, peptidoglycan, 
lipopolisaccharide (LPS) and phospholipids. Membrane 
phospholipids of  Legionella are substituted with branched 
chain fatty acyl residues and phosphatidylcholine (PC) as 
well as phosphatidylethanolamine (PE) are the major phos-
pholipids in Legionella. PC synthesis appears to be a critical 
sensor of  the nature of  the environment surrounding the 
bacteria. Legionella PC is an important virulence determi-
nant acting through multiple mechanisms. L. pneumophila 
and L. dumoffii initially reside in a phagosome with limited 
ability to fuse with lysosomes, the major source of  the an-
tibacterial components.
We examined the effect of  Galleria mellonella apolipophorin 
III (apoLp-III), an insect homolog of  human apolipopro-
tein E, on L. pneumophila and L. dumoffii. ApoLp-III is a li-
pid binding protein exhibiting antimicrobial activity against 
selected Gram-negative and Gram-positive bacteria. It is 
involved in lipid transport and immune response in insects. 
L. pneumophila and L. dumoffii exhibited varied sensitivity to 
the antimicrobial protein. ApoLp-III at a concentration of  
0.02 µM induced a 60% decline in L. pneumophila viability 
after 1h incubation with the bacteria, whereas in L. dumoffii 
the decrease was 25%. The effect of G. mellonella apoLp-III 
on the bacteria cultured on BCYE medium supplemented 
with choline was investigated. An increased PC content 
in L. dumoffii cells enhanced the antimicrobial activity of  
Galleria apoLp-III. The bacteria treated with apoLp-III 
exhibited 3-fold lower viability compared to the non-sup-
plemented culture, suggesting that it enhanced binding to 
L. dumoffii cells. In turn, the changes in the PC content in 
L. pneumophila cells did not affect the antimicrobial activ-
ity of  apoLp-III against these bacteria, which implies par-
ticipation of  other surface structures binding apoLp-III by 
these bacteria. The results suggest a possibility of  apoli-
poprotein involvement in overcoming L. pneumophila and 
L. dumoffii infections in humans.
Acknowledgements
The study was supported from the grant N N303 822640.

 

P2.15

Optimization of expression of 
H. polymorpha flavocytochromes b2-coding 
genes using various expression systems
Joanna Czech1, Tomasz Bocer1, Daniel 
Broda1, Mykhailo Gonchar1,2

1Branch Campus of the Faculty of Biotechnology, University of Rzeszów, 
Poland; 2Institute of Cell Biology, NAS of Ukraine, Lviv, Ukraine
e-mail: Joanna Czech <aa.czech@interia.pl>

Lactic acid exists in nature in the form of  two stereo-iso-
mers. L-lactic acid is a natural metabolite of  practically all 
living organisms. L-lactate is an important analyte used in 
clinical diagnostics of  hypoxia, lactic acidosis, some acute 
heart diseases and drug toxicity tests. It is regarded as an 
essential biomarker for cancer. It is exploited in control of  
wine quality (ratio lactate/malate) and for monitoring the 
athletic performance. D-lactic acid is a much rare metabo-
lite. It is produced by some microorganisms (e.g., Lactoba-
cillus acidophilus, Lactobacillus casei, Escherichia coli), alga and 
plants. Due to this, D-lactate can be found as a contami-
nated product in some yogurts due to fermentive activity 
of  undesired microflora (Salminen et al., 2004) Lactic Acid 
Bacteria). D-lactate is toxic for children and for adult pa-
tients with short-bowel syndrome and intestinal failure. It 
causes different neurological pathologies (Bongaerts et al., 
1997, Microb Pathog 22: 285-293), including encephalopathy. 
It was shown recently that D-lactate can be used also as 
an essential metabolite of  methylglyoxal, related to certain 
complications of  diabetes mellitus and other diseases. So, 
monitoring of  both forms of  lactic acid is of  a great im-
portance in medicine and biotechnology.
Flavocytochromes, L- and D-lactate-oxidoreductases (FC) 
are located in mitochondria and are coded in yeasts, includ-
ing thermotolerant methylotrophic yeast Hansenula polymor-
pha, by the genes CYB2 and DLD1, respectively (Brooks, 
2002, Biochem Soc Trans 30: 258-264). Their unique property 
is absolute selectivity to stereo-configuration of  the sub-
strate, non-requirement of  exogenous co-factors, and, fi-
nally, non-specificity at in vitro conditions toward electron 
acceptors that is very important for bioanalytical purposes.
In current study, the yeast H. polymorpha flavocytochromes-
coding genes were expressed using the Novagen pET ex-
pression system (Plano et al., 2000). The CYB2- and DLD1-
encoding DNA fragments obtained by PCR were inserted 
into the expression vector pET-51b (Novagen Brand). 
His-tagged and Strep-tagged proteins were overproduced 
in E. coli strains: Rosetta-gami 2 and Origami B. The own 
data and recent results on heterologous production of  FCs 
in E. coli were compared with the results obtained earlier 
in the yeast S. cerevisiae expression system where protein 
production was achieved using multiple protease-deficient 
strain BJ2168 and a low-copy-number centromeric vector 
with an inducible methionine promoter.
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Toxoplasma gondii is an intracellular parasite widely prevalent 
among humans and wild-blooded animals, which causes 
toxoplasmosis. The disease in immunocompetent people is 
usually benign. However, it may have severe complications 
in immunocompromised patients (e.g. AIDS) or in case of  
congenital infection. Transmission of  the parasite to the 
fetus is possible only when a pregnant woman has primary 
infection, acquired for the first time just before or during 
pregnancy. It may be dangerous to an unborn child caus-
ing neurological problems, in some cases it may even lead 
to a miscarriage or stillborn. Therefore, diagnosis of  hu-
man toxoplasmosis is very significant and it is usually based 
on detection of  specific anti-T. gondii antibodies in serum 
samples. Most of  commercially available tests use native 
antigens of  T. gondii (called TLA — Toxoplasma Lysate 
Antigen). However, many researchers are leading the in-
vestigations which concern replacing TLA by recombinant 
proteins of  the parasite in order to reduce costs and time 
of  antigens’ production and to facilitate the standardization 
of  diagnostic tests. Over the past several years the produc-
tion of  T. gondii recombinant antigens in the Escherichia coli 
prokaryotic expression system have been described. Cur-
rently, researchers focus on increasing the reactivity of  in-
dividual antigens by  producing them in eukaryotic expres-
sion systems, what will make possible to obtain proteins 
more similar to native ones. The goal of  this research was 
to produce the T. gondii matrix antigen 1 (MAG1) in the eu-
karyotic expression system of  Leishmania tarentolae. During 
our study we constructed recombinant plasmid pLexsyBle-
oMAG1 containing mag1 gene fragment. Then, the proper 
plasmid was used in order to transform of  L. tarentolae P10 
cells. After optimization of  extracellular expression condi-
tions, the presence of  MAG1 in the growth medium was 
detected by specific anti-MAG1 antibodies. Immunore-
activity of  the produced protein was confirm by Western 
blotting analysis with sera from individuals infected with 
T. gondii. Summarizing, we succeeded in receiving reactive 
recombinant antigen MAG1 in parasitic expression system 
of  L. tarentolae. 
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Egg yolk is broadly recognised as a very valuable source of  
proteins for human nutrition. One of  the main approaches 
to use of  valuable egg yolk protein is a protein hydrolysis 
allows to release bioactive components. Most enzymatic 
modifications of  proteins are carried out with the partici-
pation of  commercial enzymes such as pepsin, bromelain, 
trypsin, chymotrypsin, or papain. The use of  enzymes 
from new unconventional sources such as serine proteinase 
from Cucurbita ficifolia, allows to improve and optimize 
the performance of  the hydrolysis reaction. Enzymatic hy-
drolysis of  proteins enables to obtain bioactive peptides 
also. Biopeptides exert a physiological, hormone-like effect 
in the major body systems in humans, such as gastrointes-
tinal, cardiovascular, nervous and immune systems. Some 
of  them have been established for antioxidant, antimicro-
bial,  mineral binding, immunomodulatory, antithrombotic, 
hypocholesterolemic as well as antihipertensive activity.
The aim of  this study was to  obtain bioactive protein hy-
drolysates from egg yolk proteins using an enzyme from 
fruit pulp of  Cucurbita ficifolia. The antyhypertensive and 
antioxidant activity were determinated in obtained hydro-
lysates,  including their ability to reduce the oxidation state 
of  metal ions, scavenging DPPH free radicals and chelating 
iron ions. It was shown that the most degraded hydrolyzate 
obtained after 4 h of  reaction in using 1000 u/mg of  en-
zyme  showed the highest activity of  reduction of  iron ions 
oxidation (FRAP) (56.41 g Fe2+/ mg) and antihipertensive 
activity (IC50=1.93 mg). The purification process of  the 
most active hydrolysates with using ultrafiltration mem-
branes led to a significant increase their activity.
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Natural nucleic acids are reservoir of  modified bases. Modi-
fied deoxy- and ribonucleosides, distinct from the canonical 
nucleosides adenosine, guanosine, cytosine and uridine or 
thymidine, are found in DNA and RNA of  all living organ-
isms, as well as in viruses, mitochondria and chloroplasts. 
Modified nucleosides play an important role in regulation 
of  gene expression and many aspects of  RNA functions. 
They also contribute to nucleic acid stability and protection 
of  genomic DNA against virus genetic materials.
Nucleic acids undergo many chemical reactions depend-
ent on physiological state of  cells. Both cellular RNA and 
DNA, like other cell’s molecules and macromolecules, 
are targets for oxidative damage. Reactive oxygen species 
(ROS) are formed in cells as products of  regular metabo-
lism or by external factors. They affect the formation of  
new modified components in nucleic acids e.g. 8-hydoxy-
guanosine (8-OH-G), 6-furfuryladenine (K, kinetin), 5-hy-
droxymethylocytosine (5-hmC) and different adducts (e.g. 
benzoapyrene, malondialdehyde). Accumulation of  modi-
fications in genetic material leads to various genotoxic le-
sions. In recent years it has been found that the 8-OHdG 
level was elevated in different type of  tumors. Modified 
components are also good biomarkers of  oxidative stress 
and aging. Therefore, development of  the rapid one-step 
method of  modified nucleotides analysis would be promis-
ing and valuable tool.
To analyze global modifications in nucleic acids we imple-
mented post 32P-labeling of  nucleotides with nondenatur-
ing 30% polyacrylamide gel electrophoresis. This method 
allows  detection of  wide spectrum of  modified nucleotides 
in the same time. We determined migration factors (Mf) of  
low molecular and hypermodified deoxy- and ribonucleo-
tides: dG, G, dA, A, T, rT, U, dC, C, m5C, Y, m1A, Cm, Gm, 
m2G, 8-OH-dG, cis-zeatin, N6-isopentenyladenosine and 
orto-Topolin. Furthermore, this technique allows distinc-
tion of  two modified nucleotides of  the same molecular 
weight m5C and Cm as well as m2G and Gm Therefore, 
this technique can be very useful for analysis of  new RNA 
and DNA modifications and can be applied for medical 
diagnostics.
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β-lactoglobulin and β-casein are the most allergenic milk 
proteins. Activity of  enzymes in the digestive tract result in 
releasing peptides with potentially allergenic character from 
their amino acid sequence. β-casomorphin-7 (BCM7) is a 
particularly interesting peptide. It interacts with the body 
by the binding of  μ-opioid receptors (MOR) which are par-
ticularly numerous in CNS and on the surface of  cells in the 
digestive and immune systems. BCM7 presence has been 
confirmed not only in milk products but also in the blood 
serum, urine and cerebrospinal fluid. BCM7 are resistant to 
proteolytic enzymes and may be hydrolysed only by highly 
specialized enzyme called proline dipeptidyl peptidase-4 
(DPP 4; EC 3.4.14.5). Additionally, it has been proved that 
there are 15 genetic variants of  β-casein in different breeds 
of  cattle, the most common of  which are A1 and A2. The 
difference between them is based on the change of  proline 
in position 67 of  the β-casein A2 amino acid chain into his-
tidine in the A1 variant, which causes more effective BCM7 
release from the amino acid sequence of  β-casein A1.
The aim of  the research was determination the influence 
of  peptide extracts from hydrolyzed cow’s milk with de-
fined β-casein genotypes (A1A1, A2A2, A1A2) on secre-
tory properties and expression of  selected genes (MOR, 
DPP 4) in the cells of  the immune system. In experiment 
were used mononuclear cells isolated from peripheral 
blood (PBMCs) from healthy volunteers and from patients 
with atopic disease and food allergy common existing. The 
cells were incubated in the presence of  synthetic bovine 
β-casomorphin-7 and peptide extracts from milk (genetic 
variants: A1A1, A1A2, A2A2) subjected to pepsin-pancrea-
tin hydrolysis. The culture medium was used to identify the 
cytokines (IL4, IL8, IL10, IL13, TNFα, IFNγ). The RNA 
was isolated from the cells and then it was used to asses 
the changes to MOR and DPP4 genes expression in the 
immune system cells under the influence of  milk extracts.
The obtained results are a supplementation of  the so-far 
knowledge of  the β-casomorphin role as a factor that par-
ticipates in the aetiology of  food allergy to cow’s milk pro-
teins. It is suspected that BCM7 released during food diges-
tion may change the expression of  MOR and DPP4 genes 
and secretory properties in cells. However, this information 
is still fragmentary and requires further investigation.
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The Htra (Deg P) protein from Escherichia coli belongs to 
the conserved in evolution family of  serine proteases. HtrA 
is located in the cellular envelope where it plays an essential 
role in the extracytoplasmic protein quality control due to 
its dual protease/ chaperone activity. In the pathogenic E. 
coli strains (UPEC, EPEC) HtrA is implicated in virulence 
and the htrA mutant strains are non-pathogenic. HtrA is 
believed to exist in two states: inactive (hexamer) and active 
(higher order oligomers). An important role in stabilization 
of  the hexamer plays the LA loop (36-81 residues) which 
interacts with the other regulatory loops, L1 and L2, and 
blocks access to the catalytic site. Transition to active state 
requires dissociation of  the hexamer into trimers, which 
subsequently assemble into higher order oligomers. Dur-
ing activation process the LA-L1-L2 loop trio becomes dis-
rupted and the active center adopts the proper conforma-
tion. The activation can be triggered by a temperature shift 
or allosterically in the presence of  proper substrates.
The crystal and cryo-EM structures of  HtrA in active and 
inactive states are available. However, the LA loop, due to 
its mobility, has not been traced. Thus the exact regulatory 
mechanism of  the LA loop is not known. Therefore, the 
aim of  our work was to examine the role of  the LA loop in 
the activation process of  HtrA. For this purpose we intro-
duced a serie of  point mutations in the region coding for 
the LA loop to obtain the following amino acid substitu-
tions: P43G, R44A, R44AF50W, R44D, R44L, R44P, F46Y, 
Q47L, F50R, F50W, D52A, D53A, S54A, F63Y, S65Y, 
S66Y, F68Y and Q70A. In case of  some HtrA variants 
(F46Y, F50R, F63Y, F68Y, Q70A), a significantly higher 
proteolytic activity was observed. Substitution of  R44 into 
alanine resulted in an instability of  HtrA molecule, which 
underwent extensive autodegradation into a truncated 
form of  approximately 43 kDa. Interestingly, the mutations 
R44D, R44L, R44P did not affect the protein stability or 
activity. Therefore it is possible that introduction of  alanine 
in position 44 leads to an excessive LA loop mobility which 
in turn causes over-activity and autodegradation. This as-
sumption has been confirmed by the analysis of  relative 
exposition to the solvent of  the tryptophan residue placed 
at position 50 in the HtrAR44A variant.
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In Non-Small Cell Lung Cancer (NSCLC) patients, somatic 
KRAS mutations have been associated with resistance to 
EGFR-targeted agents and poorer prognosis. These muta-
tions are mutually exclusive with EGFR mutations. One of  
the important limitations in identifying of  KRAS status is 
the lack of  the available tumor cells in tumor tissues (bi-
opsies and cytologies) in around 30% of  patients and the 
difficulty to perform re-biopsies during  the treatment and 
during follow-up of  patients. Therefore, the use of  strate-
gies to genotype patients using plasma cell-free circulating 
DNA could be a valuable tool.
There are different studies in literature showing that plas-
ma-based mutation testing is not only feasible but has con-
siderable value as well. The goal of  our study was to estab-
lish a reliable methods of  detection of  KRAS mutation in 
plasma samples using Real Time PCR with Taqman-minor-
groove-binder (Taqman-MGB) probes.
KRAS-Taqman-MGB assays were designed to detect the 
8 most common KRAS mutation in codons 12 and 13 
using FAM and VIC labeled probes for the mutant and 
wild-type sequences, respectively. To validate our Taqman-
MGB probes we performed analysis on matching colorec-
tal cancer tumor and plasma samples. KRAS mutational 
status in tumor was established earlier by Sanger sequenc-
ing  and it harbored  G13D KRAS mutation. Circulating 
DNA was extracted from the plasma using three commer-
cial DNA isolation kits: QIAamp DNA Blood Mini (Qia-
gen), QIAamp Circulating Nucleic Acid (Qiagen), Sher-
lock (A&A Biotechnology). Using KRAS-Taqman-MGB 
probes we detected G13D mutation in all circulating DNA 
samples with Sherlock kit performing better than the other 
two methods.
In the next step, a total of  80 plasma samples from NSCLC 
patients were screened for mutations G12D and G12V 
of  KRAS. Four mutations were found. We are currently 
extending our analysis with probes for six other types of  
KRAS mutations. The correlation of  KRAS mutational 
status in plasma DNA with clinical parameters will be eval-
uated.
These results support the notion that qualitative analysis of  
circulating DNA in the blood is a promising non-invasive 
diagnostic and prognostic tool in NSCLC and may have 
implications in the followup and minimal residual detection 
of  the disease.
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The extracellular matrix in the vascular wall contains many 
macromolecules (collagen, elastin, proteoglycans, and gly-
coproteins) necessary for the structural and functional 
properties of  vessel wall. The family of  extracellular matrix 
modifying enzymes known as the matrix metalloprotein-
ases (MMPs) and membrane-type matrix metalloprotein-
ases (MT-_MMPs). All MMPs and MT-MMPs are inhib-
ited by tissue inhibitors of  metalloproteinases (TIMPs). 
MT-MMP not only do they cleave a variety of  extracellular 
components, but they active some secreted MMPs such as 
MMP-2 (gelatinase A). MMP-2 is the main collagenolytic 
enzyme of  both umbilical artery and vein. The activation 
of  proMMP-2 is mediated on the surface by MT1, 2, 3 and 
5-MMP. We decided to evaluate the presence, content and 
activity of  MT3-MMP and MT-5MMP  in the umbilical 
cord of  preeclamptic patients. We used Western immunob-
loting, and immunoenzymatic assay (ELISA) for detection 
of  MT-MMPs and fluorometric method for their activity. 
The human umbilical cord arteries, vein and Wharton’s jelly 
of  control and preeclamptic newborns contained MT3-
MMP and MT5-MMP. Free latent form of  both investi-
gated MT-MMPs was not detected in all investigated tissue 
extracts. The indicated molecular weight of  them (about 54 
kDa) corresponds to free active form of  respective MMP. 
The umbilical cord tissues of  control and preeclamptic sub-
jects contain both enzymes in a form of  complexes with 
other extracellular matrix components and/or with their 
tissue inhibitors. Furthermore, we observed significant de-
crease in the activity of  both MT-MMPs in preeclamptic 
umbilical cord arterial wall and Wharton’s jelly in compari-
son to control materials. It may be one of  the mechanism 
of  extracellular matrix remodeling in the umbilical cord of  
preeclamptic newborns.
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SplF (Serine protease-like F protein) is a member of  serine 
proteases encoded by spl operon from Staphylococcus aureus. 
So far four of  those enzymes (SplA, SplB, SplC and SplD) 
were characterized biochemically and structurally provid-
ing very interesting results concerning restricted substrate 
specificity. However, properties of  SplE and SplF remained 
unknown. Here we present crystal structure of  SplF pro-
tease mutant and provide an extensive comparison to 
previously obtained structures of  Spl proteases and other 
known staphylococcal serine proteases: V8 and exfoliative 
toxins.
SplF H39A mutant was expressed in Escherichia coli as a fu-
sion protein with GST, and purified to homogeneity after 
tag removal. Crystallization screening was performed ac-
cording to art. Having obtained initial crystals we opti-
mized crystallization conditions in order to acquire crystals 
of  better size and morphology enabling X-ray diffraction 
measurements and subsequent structure determination. 
SplF structure was solved by molecular replacement. Ob-
tained data allowed us to refine the structure up to 1.7 Å 
resolution.
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Elevated level of  homocysteine (Hcy) is an independ-
ent risk factor related to cardiovascular and neuodege-
narative diseases. In humans Hcy is converted into cyclic 
thioester — homocysteine thiolactone (HTL) that can 
spontaneously react with ε-group of  lysine residues (pro-
tein N-homocysteinylation) causing loss of  protein func-
tion. Preponderance of  evidence shows that HTL as well 
as N-homocysteinylated proteins (N-Hcy-proteins) cause 
pathophysiological consequences such as cellular toxicity, 
inflammation and autoimmune response. that can lead to 
atherosclerosis. These responses can be caused by effects 
of  HTL and N-Hcy-proteins on gene expression.
Microarray technology is an effective method that provides 
monitoring of  genetic information expression of  cells and 
tissues. Using this method we analyzed influence of  Hcy, 
HTL, and N-Hcy-protein on gene expression in cultured 
human umbilical vein endothelial cells.
We identified a group of  genes that revealed at least four-
fold difference in expression relative to untreated control 
cultures. These included: ESM1, OS9, DDX28, (induced 
by N-Hcy-protein); AHCY, CBS, MTR, CD9 (induced by 
HTL); MARCH10, LRRIQ1, ROBDL3, ST8SIA2 (induced 
by Hcy). Microarray results were confirmed by real-time 
PCR for selected genes. We found that the expression of  
eight miRNAs was affected by HTL. Northern blot analy-
sis was used to confirm changes in miRNA gene expres-
sion level.
Our results suggest that in human endothelial cells pat-
terns of  gene expression are affected in a Hcy metabolite 
specific way. Changes in gene expression observed in our 
study suggest that Hcy and its metabolites interact in an 
anticipated way with a variety of  other metabolic pathway.
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Hammerhead (HH) ribozymes are catalytic RNAs that can be 
used to highly specific inhibition of  gene expression through 
the degradation of  target mRNA in trans. The only require-
ment is a presence of  a NUH (N - any nucleotide, H - A, C or 
U) triplet at the cleavage site [1]. Extensive studies carried out 
over the last two decades confirmed their potential as anti-viral 
factors including their application against human immunode-
ficiency virus (HIV). One of  the potential targets for anti-HIV 
therapy is the viral envelope glycoprotein gp41. It plays an es-
sential role in HIV infection and host cell tropism control-
ling the entry of  HIV into target cells. Moreover, the gp41 is 
responsible for immunosuppression and immune dysfunction 
associated with HIV-infection and disease progression.
One of  the major obstacles in application of  catalytic RNAs 
as therapeutic agents is a high concentration of  magnesium 
ions required for their action in vitro (10mM). Low concen-
tration of  Mg2+ in the cytoplasm (0.5-1mM) may be a criti-
cal factor limiting the efficiency of  HH ribozyme. In recent 
years, it has been demonstrated that divalent ions do not 
participate directly in the catalysis, but stabilize the molecule 
active conformation [1]. Therefore the primary objective in 
design of  novel HH ribozymes is lowering their Mg2+ re-
quirement, while retaining a high enzymatic activity.
Based on bioinformatics comparison of  gp41-coding se-
quences we selected six conservative target sites appropri-
ate for HH ribozymes. In our attempts to obtain an ef-
ficient catalytic RNA, we took advantage of  the highly 
specific tertiary RNA structure motif  (TSM). It consists 
of  a tetraloop (TL) receptor attached to the 5’-end of  the 
construct that interact with the GAAA TL, an integral part 
of  the minimal ribozyme domain. We assume that the in-
troduction of  TSM stabilizes catalytic core active confor-
mation in a similar manner as in the naturally occurring 
ribozyme motifs. Additionally we have designed basic mini-
mal ribozymes and truncated variants with two base pairs 
in stem II and tetrauridine loop in place of  GAAA.
We showed thatin HeLa cells the extended hammerhead 
ribozymes were more efficient in inhibition of  gp41-EGFP 
expression than their minimal and truncated counterparts. 
Introduction of  the TSM element stabilized ribozymes 
active conformation and improved their catalytic activ-
ity in the intracellular environment. The results were con-
firmed in silico by analysis of  tertiary structure models of  
substrate:ribozyme complexes. We estimated the ribozyme 
fingerprint by calculation of  six unique catalytic core pa-
rameters. Tertiary stabilizing motif  changed a geometry of  
interactions between general base, acid, nucleophile and the 
leaving group, that affect the ribozyme catalytic properties. 
We found high correlation between these parameters and 
the decrease of  target gene expression in the cells.
Our results indicate that the stabilization of  ribozyme 
structure by TSM element can be used for the develop-
ment of  new effective anti-viral strategies including HIV-1.
Reference
1. Fedoruk-Wyszomirska A et al. (2007) Int J Biol Macromol 41: 30–35.
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Background: Kidney transplantation is a hope for a “sec-
ond life” for patients with End Stage Renal Disease. De-
spite the great impact of  organ transplantation and immu-
nosuppresive therapy, which substantially overcomes acute 
rejection, there is no reliable and noninvasive diagnostic 
method in predicting as equally inhibiting the processes 
leading to deterioration of  transplant function in time. 
The development of  efficient strategies to monitor graft 
dysfunction and prevent allograft damage is therefore of  
major importance.
Observations: Long-term allograft survival is caused by 
a multifactorial series of  antigen-dependent and antigen-
independent factors (ischemia, oxidative stress, infections, 
toxins). However, constantly ongoing inflammatory pro-
cess appears to be one of  the major graft dysfunction pro-
moting factors. The involvement of  innate (monocytes/
macrophages) and adaptive (lymphocytes) immunity ap-
pears to be crucial in the onset and persistence of  renal 
inflammation. As a consequence, immune system effec-
tor cells secrete cytokines. Cytokines, in turn, activate cells 
that produce them enhancing the status of  inflammation. 
Inflammatory cytokines relay biological information to a 
wide variety of  target cells by binding to specific receptors 
on the cell surface and activating signal transducer path-
ways, like the JAK/STAT pathway, inhibited by SOCS pro-
teins in a negative feedback loop.
The study includes material from about 30 patients, collect-
ed on the day of  transplantation and during next follow-up 
visits (1, 2 and 3 years post-transplantation). The purpose 
of  the study is to monitor activation and expression of  
inflammation-modulating STATs (Signal Transducer and 
Activator of  Transcription) and SOCSs (Suppressor of  
Cytokine Signaling)  in PBMCs. Additionally we incorpo-
rate analysis of  STATs and SOCSs in monocytes of  trans-
planted patients.
Conclusion: The ultimate goal is to identify markers that 
will be a simple, inexpensive and reproducible tool predict-
ing clinically important endpoint. If  indeed STATs and 
SOCSs are differentially expressed in monocytes and lym-
phocytes, they could be used as a biomarker to detect and 
monitor kidney graft dysfunction.
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Protein constituents of  chicken egg white and yolk pos-
sessing high biological activity are main focus of  research 
in food and medical science. Yet relatively small attention 
was placed on the composition of  avian eggshell, whose 
protein components remain virtually unknown. The egg-
shell is an example of  natural occurring ordered biomineral 
composed mainly of  calcium carbonate associated with an 
organic matrix of  proteins, glycoproteins and proteogly-
cans. It’s main role is to provide protection from physical 
damage and microbial invasion for the developing embryo. 
It has been show that proteins deposited in the cuticle, the 
outermost layer of  the avian eggshell, play an important 
role in protecting the egg, and thus the consumer, against 
infection by Salmonella, Pseudomonas, Staphylococcus and Bacil-
lus. One of  the most interesting protein is ovocalyxin-32, 
a 32-kDa protein, gene for which has been identified and 
characterized. It has been shown that ovocalyxin-32 is ex-
pressed at high levels in the uterine and isthmus regions of  
the oviduct, and concentrated in the eggshell cuticle, at the 
end phase of  biomineralization process. However molecu-
lar basis underlying the physiological role or ovocalyxin-32 
as a protein responsible for antimicrobial properties of  cu-
ticle have not been yet explained. No experimental systems 
for high yield expression and purification of  recombinant 
ovocalyxin-32 it heterologic systems have been developed.
Here we present our efforts in obtaining high yield expres-
sion and purification of  recombinant ovocalyxin-32. We 
have prepared an array of  vectors allowing expression of  
ovocalyxin-32 as fusion protein with His-, TRX-, NusA, 
CPD-, MBP-, DsbA- and DsbC-tags. Obtained plasmids 
were screened for expression in Origami B, BL21(DE3) 
and Rosetta  host strains, at growth temperatures of  16°C, 
20°C, 29°C and 37°C as well as LB, TB, and TB Overnight 
Express Autoinduction culture media. NusA- and TRX-
tags have allowed high yield expression of  recombinant fu-
sion protein in the form of  inclusion bodies. Appropriate 
purification procedures for insoluble ovocalyxin-32 have 
been developed, comprising of  denaturation in guanidin-
ium chloride, refolding, Talon metal affinity chromatogra-
phy and gel filtration with Superdex resins.
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The highly conserved Pumilio RNA–binding protein rec-
ognizes short elements within 3’ untranslated region to 
regulate translation of  individual mRNAs in germ cell 
development of  model organisms. Specificity of  this nu-
cleotide sequence recognition is one of  crucial issues to 
understand the mechanism of  this type of  translational 
regulation. Although, a short consensus motif, UGUA-
HAUA, was recently established as a specific Pumilio bind-
ing element (PBE), additional sequences seem to be very 
important as well. Our preliminary results indicate that a 
human PUMILIO2 homologous protein targets 3’UTR of  
mRNA encoding a putative tumor suppressor TSC22D1, 
in germ cells. To identify PBEs we analyzed the whole 1107 
nt 3’UTR of  TSC22D1 mRNA using an electrophoretic 
mobility shift assay including competition experiments to 
test for binding specificity. To this end we first amplified 
the whole TSC22D1 3’UTR from human testis cDNA li-
brary in thirteen overlapping fragments to obtain transcrip-
tion templates of  about 110 nt in average. The RNA–bind-
ing domain of  PUMILIO2, so called the PUF domain, was 
isolated and purified from transformed bacteria. The iden-
tified PBE site in 3’UTR of  TSC22D1 mRNA was found 
to contain several UGUAHAUA-like elements. However, 
importance of  these individual elements for PUMILIO2 
binding were quite diverse. We bioinformatically found that 
this could be caused by different accessibility of  UGUA-
HAUA-like elements due to flanking secondary structures. 
These initial in vitro assays will be followed by a more de-
tailed analysis e.g. RNA-footprinting, to narrow down the 
complete set of  nucleotide elements and secondary struc-
tures necessary for PUMILIO2 specific recognition.
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Methylenetetrahydrofolate reductase (MTHFR) catalyzes 
the metabolism of  folate and nucleotides, which are essen-
tial for DNA synthesis and methylation. High prevalence 
of  MTHFR gene polymorphisms is frequently detected in 
patients with autoimmune disease. We designed a clinic-
based study in children including 67 inflammatory bowel 
disease cases including 39 colitis ulcerosa cases and 28 
Crohn disease cases (31 female, 42.8%) at average age of  
14±4 years. The C677T genotyping was performed based 
on polymerase chain reaction with confronting two-pair 
primers. MTHFR activity was measured using radiolabeled 
substrate. Folate concentrations in serum and erythrocyte 
were measured by ELISA. Of  investigated patients, four 
(6.25%) exhibited a C677T homozygote mutation (m/m), 
and 29 (45.31%) exhibited a heterozygote mutation (wt/m). 
Total MTHFR activity patients with m/m was 2.25±0.21, 
4.95±2.04 with wt/m and 8.95±3.68 nmol/ml/h with wt/
wt. The erythrocyte folate concentrations were 255±52 
(m/m), 240±5 (wt/m) and 227±47 ng/mL (wt/wt); me-
dian values of  serum folate were 5.59 (m/m), 5.71(wt/m) 
and 9.94 ng/mL (wt/wt). Our result provides evidence of  
high prevalence of  MTHFR gene C677T mutation affect-
ing folate metabolism in children with inflammatory bowel 
disease. The consequence of  that should be investigated 
and confirmed in a large number of  cohorts.



44 Session 2. Genomics, Proteomics, Metabolomics — Medical and  Environmental Implications

47th Congress of the Polish Biochemical Society, 2012

P2.30

Construction of the recombinant host for 
production of thermostable laccase and 
cell bioreactor design for the removal of 
endocrine disrupting compounds (EDC)
Monika Kisilewicz1, Tomasz Bocer1, Mykhailo Gonchar1,2

1Branch Campus of the Faculty of Biotechnology, University of Rzeszow, 
Rzeszów, Poland; 2Institute of Cell Biology, NAS of Ukraine, Lviv, Ukraine
e-mail: Monika Kisilewicz <monika_moni12@interia.pl>

Laccases are multicopper oxidases that catalyze the oxida-
tion of  phenolic compounds and aromatic amines (Giardi-
na et al., 2009, Cell Mol Life Sci 67: 369-385). These enzymes 
are widely distributed among living organisms – from 
plants and fungi to some bacteria. Laccases have been used 
in food processing, green chemistry, and in detoxification 
of  environmental pollutants (Couto & Herrera, 2006, Bio-
technol Adv 24: 500-513; Galliker et al., 2010, J Colloid Interface 
Sci 349: 98-105). A wide spectrum of  substrate specificity 
of  laccases indicates on a high promising potential for us-
ing these enzymes in biodegradation and bioremediation 
processes.
Several studies have been dedicated to the cloning of  the 
laccases genes and construction of  microbial super-pro-
ducers of  high thermostable variants of  these enzymes 
(e.g., Martins et al., 2002, J Biol Chem 277: 18849-18859; 
Brissos et al., 2009, Biotechnol J 4: 558-563). Most of  the 
studies related to the oxidative removing of  phenolics have 
exploited commercial or crude preparations of  laccase 
(Modaressi et al., 2005 Water Res 39: 4309–4316; Cabana 
et al., 2007, Chemosphere 67: 770–778; Cabana et al., 2009, 
Biotechnol Bioeng 102: 1582–1592). The preparations used 
have serious drawbacks hampering their real-scale use in 
environmental applications. These are still expensive, can 
lose activity under environmental conditions and are usu-
ally used in soluble form that is hardly recyclable.
We have found a high laccase activity in extracellular me-
dium during cultivation of  the fungus Lentinula edodes. So, 
the aim of  our study was using this organism as a source 
of  laccase, as well as construction of  prokaryotic and eu-
karyotic systems for high expression of  the correspond-
ent gene, isolation and purification of  recombinant laccase 
from the gene-engineered microorganisms.
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Despite being responsible for just only 4% of  female can-
cer cases, ovarian cancer (OC) is the second most frequent 
cause of  gynecological cancer related death. Microarray is 
the technique, that since its introduction in the mid-90s, has 
been widely used in cancer research. The poster presents 
an overview of  microarray application in OC research. 
Advances in clinical microarray studies in OC are present-
ed.  Alternative models of  studying OC development with 
their possible application in clinical research are also de-
scribed, along with methodological issues to consider when 
preparing a microarray experiment. The recent progress 
and novel trends in OC microarray data analysis are also 
presented.
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Last year, we reported results of  our study on toxicity of  
furan-derived aminophosphonates against esophageal can-
cer cell lines. Dimethyl (2-furyl)-N-(2-methoxyphenyl)ami-
nomethylphosphonate demonstrated interesting potential 
anticancer properties.
This time, we synthesized and checked further new furan-
derived aminophosphonates in in vitro tests with KYSE 
(KYSE 30 and KYSE 150) cancer lines. For our experi-
ments we chose 400 μM as a maximum concentration 
of  chemicals. In two cases, we noticed interesting results 
which brought us to make an approach to the structure-
activity relationship (SAR) study. 
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Menigiomas are one of  the most frequent brain tumors. 
Most of  them are benign GI neoplasms and only part of  
them undergo progression to GII and more aggressive 
GIII stages. Neurofibromatosis 2 gene (NF2) is one of  the 
best documented molecular aberration involved in menin-
giomas' pathogenesis, however it's role in tumor progres-
sion is not clear.
As this gene is composed of  15 exons without evident mu-
tational hot spot regions the identification of  pathogenic 
sequence variations is complicated. In this study we applied 
high resolution melting (HRM) analysis for the identifica-
tion of  sequence variants in the coding sequence of  NF2 
gene in order to estimate their frequency and to compare 
mutation profile of  different histopathological subtypes.
Fifty five meningioma patients (26 GI, 22 GII and 13 GIII 
tumors) were involved in the study. DNA was extracted 
from formalin fixed-paraffin embedded (FFPE) tissue. 
Each NF2 exon was amplified in real time PCR reaction 
with melting curve stage using SYTO9 fluorescent dye. 
Samples with distinct melting curve profile were subse-
quently analyzed by standard genomic sequencing.
We identified  NF2 mutations in 15 meningioma patients 
(27%): 5/26 GI tumors (19%), 4/19 GII (21%) and 6/10 
GIII (60%). NF2 mutations are more frequent in GIII than 
in GI or GII patients (P=0.0126 and P=0.0349, respective-
ly).
HRM allows for fast and cost effective screening for NF2 
mutations. Patients with NF2 mutations seem to be more 
susceptible to progression to malignant GIII stage.



46 Session 2. Genomics, Proteomics, Metabolomics — Medical and  Environmental Implications

47th Congress of the Polish Biochemical Society, 2012

P2.34

Screening plant metabolites to improve 
oral rehydration therapy for cholera 
and related diarrheal diseases
Magdalena Komiazyk1, Malgorzata Palczewska1, 
Izabela Sitkiewicz2, Patrick Groves1

1Instituto de Tecnologia Química e Biológica (ITQB-UNL), Chemical 
Biology Division, Portugal; 2National Medicines Institute, Department of 
Epidemiology and Clinical Microbiology, Warswa, Poland
e-mail: Magdalena Komiażyk <m.komiazyk@gmail.com>

Cholera is readily treated with Oral Rehydration Therapy 
(ORT, a solution of  sugar and salt). The WHO reports that 
under-fives reject the taste of  ORT. We test edible plants 
that (i) give a better flavour, (ii) provide microelements and 
vitamins, (iii) stop cholera bacterial growth, (iv) kill cholera 
bacteria, (v) neutralize or deactivate cholera toxin, (vi) are 
cheap and readily available and (vii) do not require extensive 
testing or regulatory approval. We have screened 50 plants 
that alleviate diarrheal disease according to folk medicine. 
We prepared a simple hot water extract of  the dry plants 
to obtain a range of  metabolites, lyophilizing part of  the 
solutions. Our first microbiology screen was performed to 
determine minimum inhibitory concentration (MIC). MIC 
was assessed using standard, 96-well plates and micro dilu-
tion method in Mueller Hinton broth. A series of  twelve, 
two-fold dilutions of  plant extracts in MH broth (range 
100–0.048 mg/ml) were inoculated with the same number 
of  a non-pathogenic Vibrio cholerae or Escherichia coli 
cells. After 16h incubation at 37oC, the concentration of  
the extracts in the wells without visible turbidity was in-
terpreted as MIC. The second part of  this assay was per-
formed to determine minimal bactericidal concentration 
(MBC) of  the plant extracts. A 10μl suspension from each 
test well was cultured on MH agar and the lowest concen-
trations without bacterial growth were interpreted as MBC. 
This microbiology screening assay allowed us to select 
bactericidal plant extracts, such as cinnamon, cloves, sloe, 
tamarind and others. We are currently expanding the range 
of  tests to further characterize the plant extract properties. 
We will use native PAGE to observe if  the complete toxin 
complex can be disrupted by plant extracts. We will test the 
plant extract concentrations and kinetics needed for this 
process. We have prepared the recombinant cholera toxin 
B-subunit (and three related toxins) for spectroscopic stud-
ies. We will analyze the interaction of  plant extracts with 
the toxin B-subunits by NMR spectroscopy, as previously 
performed for garlic extract (Politi). The NMR data will 
suggest which types of  compounds are responsible for the 
toxin interactions. In conclusion, we will produce a table of  
plant extracts that can improve ORT in several ways.
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HtrA protein from Escherichia coli is a periplasmic heat-
shock protease degrading irreversibly unfolded proteins 
emerging under various stress conditions. The activity of  
HtrA at temperatures below 30°C is relatively low whereas 
above 30°C it is much higher and grows in a linear man-
ner up to 55°C. In the inactive conformation the regulatory 
loops L1 and L2 cover the entrance to the active site and 
keep it an improper geometry via interactions with the LA 
loop from the opposing subunit. Upon the activation the 
contacts LA-L1-L2 become disrupted and the active site 
adopts an active conformation.
The exact mechanism of  HtrA activation is a complicated 
and not fully understood process. It has been demonstrated 
that HtrA can be activated allosterically by substrate  pro-
tein or peptides that should bind both to the active center 
and to the PDZ1 domain (Kim et al., 2011).
Our previous studies (Skórko-Glonek et al, 2008) showed 
that the redox state of  the disulphide bond present in the 
LA loop (Cys57-Cys69) can influence the proteolytic ac-
tivity of  HtrA at temperatures below 30°C. The HtrA de-
prived of  the S-S bond more efficiently degraded its natural 
substrate, alkaline phosphatase.
The presented work aimed at explaining the reasons of  
increased substrate cleavage at reducing conditions. We 
previously found that at the temperature range 20–30°C 
the LA loop deprived of  S-S bond is more exposed to the 
solvent, most probably due to increased mobility of  this 
structure in respect to LA with the S-S bond.
Since the LA loop is involved in maintaining  the hexameric 
structure, we investigated the impact of  the lack/presence of  
the S-S bond on the size of  the HtrA molecule. The dynamic 
light scattering (DLS) analysis revealed that HtrA deprived 
of  its disulphide bridge has higher hydrodynamic radius at all 
tested temperatures than HtrA with the S-S bond. This result 
suggests that  HtrA without S-S bond has more loose struc-
ture, which can facilitate activation process or substrate bind-
ing. However we were not able to detect any significant dif-
ferences in the cleavage rates of  model substrates (β-casein, 
fluorescent peptide) by HtrA with and without S-S bond.
Interestingly, a simultaneous application of  β-casein and 
22-peptide, both activators and substrates, has different ef-
fect on the cleavage rate of  β-casein by the reduced and 
oxidized HtrA. 22-peptide stimulates β-casein cleavage by 
oxidized HtrA and reduces β-casein degradation by HtrA 
without the S-S bond. Therefore it is likely, that the redox 
state may modulate the affinity of  HtrA toward various 
substrates.
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Autism (ASD, autism spectrum disorders) is a complex of  
psychical and neurological disorders manifested by weak-
ened social communication and specific repeatability of  
behaviour. Occurrences of  ASD have been connected with 
food-dependent diseases, autoimmune disorders, and toxic 
substances in the environment. Autism is also connected 
with disorders of  circulatory system and endothelium in 
the brain that impairs permeability through the blood-brain 
barrier when activated.
The following parameters of  haemostasis were analysed: 
contents of  the von Willebrand factor (vWf: Ag), activ-
ity of  the von Willebrand factor (vWf:CBA), coagulation 
factor VIII using the ELISA. Citrate sera from 17 autistic 
children and 7 healthy children (the control group) were 
collected. Pooled citrate serum was used as a standard. The 
results were processed in Excel and Graph Pad Prism 4. 
The differences between the groups were analysed with the 
t-test.
The average content of  the von Willebrand factor in the 
autistic children was 202% and was higher than the content 
in the healthy children — 122% (the norm: from 50% to 
150%). The average vWf  activity was 230% and 84% re-
spectively (the norm: from 50% to 150%). The differences 
of  both parameters were statistically significant. The con-
tent of  factor VIII in the autistic children was identified at 
the level of  89% and in the healthy ones at 76% (the norm: 
from 50% to 150%). In this case the differences were not 
statistically significant.
The aforementioned examinations showed increased lev-
els of  the von Willebrand factor and its activity while the 
concentration of  factor VIII was within the physiological 
norm. This is the evidence of  the vessel endothelium acti-
vation with no simultaneous liver activation in secretion of  
factor VIII. The vWf  is accounted into the proteins of  the 
acute phase and during inflammatory states its level is also 
increased. The physiology of  the activated endothelium 
is changed, which may influence the permeability of  the 
blood-brain barrier and cytophysiology of  neurons. 
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Introduction: Clear cell renal cell cancer (ccRCC) is the 
most common histological type of  kidney malignant tu-
mor. In order to search for new molecular markers, gene 
expression studies are very suitable, however such analyzes 
require to be normalized. So far, there is no systematic 
study concerning selection of  the most suitable reference 
gene in ccRCC.
Material and Methods: Paired tumor and non-tumor 
specimens from histopathologically confirmed ccRCC 
from 20 patients (mean age 63.1±13.8) were collected dur-
ing nephrectomy and stored in RNALater®. After isolation, 
total RNA was quantified by spectrophotometry and its in-
tegrity was analyzed by electrophoresis. RT was carried out 
with the use of  oligodT18 primers and M-MuLV enzyme. 
We chose 15 the most common genes used for normaliza-
tion in qPCR studies: ACTB, B2M, RPLP0, RPL32, GUSB, 
GAPDH, HPRT1, PPIA, IPO-8, RPL13, PBGD, TBP, 
TFRC, PGK1, UBC. All primers’ sequences were designed 
de novo by PMW. All reactions were performed on StepO-
nePlus apparatus (Life Technologies, USA) with SensiFast 
SybrGreen Mix (BioLine, UK). Calibration curves were ob-
tained using pooled cDNA from all specimens and assays 
were optimized for 90–102% efficiency, R2≥0.97. Each 
gene assay was carried out on a separate 96-well plate in 
which duplicated qPCR reactions for each specimen and 
negative control (water) were performed. After qPCR, 
melting-curve analysis was applied for all reaction tubes. 
Raw Ct data were transferred to online software comprising 
GeNorm, NormFinder, ddCt and BestKeeper programs.
Results: RPL32 gene was shown to be the most suitable 
normalizator in ccRCC, and UBC was the least. The best 
combination of  two reference genes was PPIA +GUSB 
(GeNorm results).
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Analysis of  gene co-regulation requires access to the large 
amount of  regulatory genomics data, such as co-ordinates 
of  genes, chromatin states or modifications, transcription 
factor binding sites (TFBS) and/or motifs. It is often pre-
ferred to analyse such data in a relational database, such 
as the Ensembl database. However, in Ensembl, the rel-
evant data are spread among several relatively complex 
schemas, it is not possible to upload data, nor it is feasi-
ble to compute intersections (overlap on the genomic se-
quence) between distinct datasets of  the genomic features. 
We developed a database system, which combinesthe gene 
regulation-related data from Ensembl into a single unify-
ing schema – one for each species (human, mouse and 
rat). To the Ensembl-derived data we add information on 
conserved noncoding (putative regulatory) regions identi-
fied with the AVID-VISTA algorithm, and the instances of  
TFBS motifs identified genome-wide using three motif  li-
braries: two commercial (Transfac and Genomatix) – these 
results are available only locally, and the public Jaspar. The 
instances of  TFBS motifs are referred to as motifs, whereas 
the remaining genomic features are referred to as areas. In-
side the database, we provide procedures for adding user 
data, eg. coordinates of  the peaks from a ChIP-seq experi-
ment, for computing genome-wide intersections between 
areas or between areas and motifs, and for mapping areas 
to the genes. The intersections and the area-gene mapping 
are pre-computed for the public data. The database is freely 
accessible using the mysql client: mysql –h database.nencki-
genomics.org –u public. Public data added by us or by other 
users can be visualized as custom DAS tracks in the En-
sembl genome browser. A simple registration is required 
to be able to add and analyze user’s own data, share them 
with others, or make public. The database is documented at 
www.nencki-genomics.org.
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Nanos and pumilio proteins interact to regulate translation 
of  specific mRNAs in Drosophila germ cells. We previ-
ously reported that also human NANOS1 and PUMILIO2 
homologues form a complex in human male germ cells 
and both bind a microRNA biogenesis factor, GEMIN3. 
Here, we examined significance of  NANOS1-GEMIN3- 
PUMILIO2 interactions for male fertility by screening 
infertile men for mutations of  NANOS1 gene, the only 
among three partners being male germ cell specific. Among 
195 patients with azoospermia or oligospermia we identi-
fied three types of  NANOS1 gene mutations in five un-
related individuals. In each of  them the second allele was 
the wild-type. None of  these mutations was present in 400 
fertile men. Pedigree analysis indicates dominant inherit-
ance pattern with penetration limited to males. Two NA-
NOS1 mutations were associated with azoospermia and 
a complete lack of  germ cells in testes. One of  them, a 
single amino acid deletion ΔS78, coexisted with P34T sub-
stitution in one allele, while another mutation was a sin-
gle amino acid deletion, ΔA173. Given that both deletions 
corresponded to N-terminal NANOS1 region responsible 
for protein interactions, we tested their significance for 
GEMIN3 binding. The P34T/ΔS78 mutated allele induced 
a significant decline of  the NANOS1-GEMIN3 interaction 
as measured in quantitative yeast two-hybrid assay. Associa-
tion of  this mutation with lack of  germ cells in testes may 
indicate that this interaction is essential for germ cell main-
tenance. Influence of  P34T/ΔS78 and ΔA173 NANOS1 
mutations on NANOS1-PUMILIO2 complex formation is 
currently tested. A third type of  mutation identified in only 
one patient with oligozoospermia, was a coexisting in one 
allele a double amino acid substitution, R246H and R276Y. 
In silico analysis revealed that R246H substitution caused 
decrease of  positive charge on the zinc-finger domain sur-
face responsible for RNA-interaction. Different infertility 
phenotypes, azoospermia versus oligospermia, associated 
with NANOS1 mutations may reflect distinct functions of  
N-terminal (protein interaction, e.g. GEMIN3 interaction) 
versus C-terminal (RNA-binding) regions of  the NANOS1 
protein in the context of  translational regulation.
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SSB proteins play an essential role in all living cells and 
viruses, as they are involved in processes connected with 
single stranded DNA metabolism. There has recently been 
an increasing interest in SSBs, since they can be applied in 
molecular biology techniques and serve as valuable analyti-
cal tools.
This presentation reports characterization of  a single-
stranded DNA-binding protein from archaeon Nanoar-
chaeum equitans. Nanoarchaeum equitans, the only known 
representative of  Archaea phylum Nanoarchaeota, is a hyper-
thermofilic, nanosized, obligatory parasite/symbiont of  
Ignicoccus hospitalis.
NeqSSB is one of  the largest known SSB proteins con-
sisting 243 amino acid residues with a calculated molecu-
lar mass of  27.78 kDa. The NeqSSB possesses a low se-
quence similarity to the Escherichia coli SSB, namely 10% 
identity and 29% similarity, and is the most similar to the 
Sulfolobus solfataricus SSB. NeqSSB possesses the ability 
to bind all nucleic acid types, with a clear preference for 
single-stranded forms. Gel mobility shift assays indicated 
that, preferentially, NeqSSB binds to ssDNA, although it 
can also bind mRNA and, surprisingly, various dsDNA 
forms, with no structure-dependent preferences. The size 
of  the ssDNA binding site, which was estimated using 
fluorescence spectroscopy, is 40‐2 nt. No salt-dependent 
binding mode transition was observed. NeqSSB probably 
utilizes different model for ssDNA binding, than SSB pro-
teins studied so far. An important biophysical property of  
SSB proteins is their ability to destabilize double-stranded 
DNA. The protein NeqSSB destabilizes and lowers the 
melting point temperature of  duplex DNA in 0.1 M NaCl 
by 10°C, similar to EcoSSB. We examined the affinity and 
kinetic parameters of  interaction for native SSBs as well as 
NeqSSB with ssDNA using SPR, which permits macromo-
lecular interactions to be measured in real time.
NeqSSB is a novel single-stranded DNA binding protein, 
which possesses unique broad substrate specificity and is 
able to bind all types of  nucleic acids, with a preference for 
single-stranded forms.
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Selection of  aptamers with affinity towards MDM2 and 
MDMX proteins is reported. Aptamers are single stranded 
nucleic acids able to bind specific molecular targets. Ap-
tamers are generated via the systematic evolution of  ligands 
by exponential enrichment process (SELEX). MDM2 and 
MDMX proteins play an important role in regulation of  
p53 activity and turnover. The aim of  the present study 
was to select aptamers specifically binding to MDM2 and 
MDMX from a random pool of  oligomers. It is expected 
that particular aptamers will effectively inhibit MDM2/
MDMX dependent inactivation of  p53.
Via multiple rounds of  selection we have obtained ap-
tamers able to bind both MDM2 and MDMX proteins as 
evidenced by ELISA and combined solid phase immobili-
zation q-PCR test. Analysis of  the primary structures of  
those molecules in each case allowed to identify consensus 
regions which, when obtained synthetically, were also dem-
onstrated to bind the target proteins of  interest. The selec-
tion of  aptamers of  highest affinity and with the ability to 
inhibit MDM2/MDMX — p53 interaction is in progress.
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The PCR method is based on in vitro multiplication of  a 
DNA chain. Apart from the DNA that makes a template 
for the amplification and primers, the following are nec-
essary for PCR: polymerase, deoxyribonucleotide triphos-
phates, buffer, and Mg2+ ions. These ingredients may be 
included in the so-called mixes, which currently offers a 
number of  biotechnology companies.
The most sensitive to the temperature component of  the 
mix is a polymerase. Thermostable polymerase is an en-
zyme used in molecular biology, which is responsible for 
the amplification of  DNA fragments in the PCR reaction. 
The reagent manufacturer’s instructions suggest that the 
mixes, which include the enzyme, were stored at –20°C. 
Otherwise, they may lose their catalytic properties.
The aim of  the experiment was to indicate if  inactive PCR 
reagents that have lost their activity due to inappropriate 
temperature, may regain their enzymatic properties. Five 
different commercially available mixes were used in the 
experiment. They were incubated in defined conditions so 
that they lost their activities. Identical incubation condi-
tions were applied for portion of  the polymerase to verify 
if  it loses its catalytic properties.
The PCR reactions were performed according to previous-
ly established procedures, using the same reagents (primers, 
autoclaved water) and DNA. The difference was in the use 
of: mixes that have been degraded — a control test, mixes 
that have been degraded, but after the addition of  poly-
merase stored according to the producer’s recommenda-
tions (–20°C), mixes that have been degraded, but after the 
addition of  polymerase treated with unfavorable thermal 
conditions.
After the PCR reaction, an electrophoresis was carried out 
and the obtained product was an evidence to a proper PCR 
course, which is a regeneration of  the mix by the addition 
of  the polymerase. In the cases of  no product occurrence, 
it was concluded that the addition of  the polymerase does 
not affect the repair of  a degraded mix. 
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Background: Despite the significant role of  amino acids 
in sports, their important role in the training, competition, 
and in the rehabilitation period in athletes, there is still 
not enough data on their exchange in case of  traumas and 
heavy physical exertion in the scientific literature.
Aims: The aim of  this study was the identification of  con-
tent in the blood serum of  healthy and injured athlete con-
centration of  free amino acids and their derivatives, as well 
as the study of  the influence of  traumatic damage to the 
indicators of  protein metabolism.
Material and methods: The basic group included 53 
athletes with the primary sports injury. The average age 
was 17.2±5.1 years, among them young men 32 (60.4%), 
girls 21 (39.6%). Children (up to 18 years) were 41 people 
(77.4%), adults — 12 (22.6%). The control group consisted 
of  39 practically healthy athletes. The average age: 16.0± 
2.0 years, boys — 20 (51.3%), girls — 19 (48.7%). At the 
time of  the study 18 years of  age had 4 athletes (10.3%), 
children up to 18 years — 35 people (89.7%).
Serum is produced by centrifugation with 3000 rpm dur-
ing 10 min and aspirated. The concentration of  free amino 
acids and their derivatives was determined by the HPLC 
technique on Agilint 1100 chromatographic system with 
fluorescence detection.
Statistical analysis of  derived data was hold with package of  
application software «Statistica 6.0». Normalcy of  distribu-
tion was estimate using the Shapiro-Wilk criterion. Confi-
dence level comparing two independent groups with the 
abnormal distribution of  quantitative attributes values was 
estimated with the use of  nonparametric method – Mann-
Whitney criterion.
Results: The analysis of  the pool of  free amino acids 
showed that in blood serum of  injured athletes there is a 
statistically significant increase of  the level rise of  27 from 
the 31 indicators on average by 37% (26%; 94%). The es-
sential amino acids increased on average by 34% (trypto-
phan (Trp) & lysine (Lys) were not included in 95% of  the 
total confidence interval), essential rose by 59% (proline 
(Pro) and glutamine (Gln) were below, and glutamic acid 
(Glu) and glycine (Gly) exceeded the 95% confidence in-
terval). From nonproteinogenic amino acids and their 
derivatives sarcosine (Sar) and citrulline (Cit) were below, 
and 3-methyl histidine (3MHis), taurine (Tau), beta amino 
butyric acid (βABA), gamma amino butyric acid (γABA) 
and ethanolamine (MEA) exceeded the 95% confidence 
interval.
Conclusion: It is shown significant changes in the level 
of  free amino acids and their derivatives in blood serum 
of  injured athletes compared with the control group. Have 
a place signs of  activation of  the anabolic processes, acti-
vation of  the processes of  energy synthesis and collagen, 
the synthesis and degradation of  membrane, stabilizing the 
nervous system after the trauma of  the athletes.
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It has been suggested that the lateralization of  the human 
brain underlies hemispheric specialization and that it can 
be observed also on a biochemical level. Biochemical lat-
erality appears to be a basis of  volumetric or functional 
asymmetry but direct relationships among them are still 
unclear. For many years, free amino acids of  nervous tis-
sue that compose the so-called amino acid pool have been 
the subject of  investigation. Several studies indicate that 
same amino acid, in particular, excitatory (glutamate and 
aspartate) and inhibitory (glycine and g-aminobutiric acid) 
participate in the expression of  alcohol-dependent behav-
ior. However, their role in the alcohol-induced alterations 
in brain metabolism completely is not known. The goal 
of  the present study was to assess changes of  amino acids 
(AA’s) in the frontal cortex of  left and right hemisphere 
of  white inbreeded rats.  Experiments were carried out on 
white male rats, with a mass at the beginning of  the ex-
periment 220–240 g, contained on a standard diet vivarium 
with free access to water. Ethanol (10 and 25% solution) 
was administered i.p. twice a day at a dose of  1 g/kg and 
5 g/kg b.w. correspondently, period of  alcoholization was 
1 and 6 hours. Concentration of  AA’s was determined by 
HPLC. The experimental data suggest that acute alcohol 
intoxication most effected right hemisphere, especially at 
a dose 5 g/kg b.w. Such naturally occurring left-right dif-
ferences in concentration of  a neurotransmitter represent 
a new aspect of  hemispheric specialization. Additionally, 
neurochemical imaging is poised to become an important 
tool for generating predictions about individual brain func-
tioning, which can then be used as a basis for personalized 
medicine.
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One of  the major proteins involved in sumoylation pro-
cess are SUMO-specific cysteine proteases (SENPs). The 
hydrolase activity of  SENPs converts the inactive form 
of  SUMO proteins to active form. Furthermore, SENPs 
are responsible for removing SUMO polypeptides from 
modified proteins in the desumoylation process. The sin-
gle-nucleotide polymorphisms (SNPs) in SENP genes can 
potentially modulate the ability to sumoylation of  proteins 
involved in the key cellular processes, like DNA repair, re-
combination and cell cycle control, and therefore exert an 
impact on susceptibility to breast cancer.
We checked an association between the c.1691+36C>T 
polymorphism of  the SENP1 gene and the c.902C>A 
polymorphism of  the SENP2 gene and breast cancer risk. 
Genotypes were determined in DNA from blood of  324 
breast cancer patients and 335 controls by polymerase 
chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) method.
We observed an association between breast cancer risk and 
the A allele (OR=1.33) of  the c. 902 C>A SENP2 SNP. 
On the other hand, the C/C genotype (OR=0.67) and 
the C allele (OR=0.75) of  this SNP reduced the risk of  
breast cancer. We did not observe any association between 
breast cancer risk and c.1691+36C>T polymorphism of  
the SENP1 gene.
We also checked the distribution of  genotypes and fre-
quency of  alleles of  the SENP1 and the SENP2 genes pol-
ymorphisms in groups of  patients with different hormone 
receptor status, patients with positive and negative lymph 
node status and patients with different tumor grade. An 
association between estrogen hormone receptor status and 
the A/A genotype (OR=1.94) of  the c. 902 C>A SENP2 
SNP was found. We also found a correlation between the 
C/C genotype (OR=2.07), C allele (OR=2.10) and T allele 
(OR=0.48) of  the c.1691 + 36C>T SENP1 SNP and the 
lymph node status. We did not observe any correlation be-
tween the c.1691+36C>T SENP1 SNP and the c.902C>A 
SENP2  SNP and tumor grade.
Our findings suggest that the single-nucleotide polymor-
phisms of  sumoylation genes -— SENP1 and SENP2 may 
be associated with breast cancer risk.
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Prostasomes are small lipid membrane-confined vesicles 
that have been isolated from the mammalian reproductive 
tract fluids and are involved in different reproductive pro-
cesses [1]. It has been shown that prostasomes can inter-
act with sperm membranes and are implicated in various 
fertilization-related processes, such as sperm capacitation 
and acrosome reaction [2]. This study aimed to isolate and 
characterize prostasomes from canine seminal plasma, us-
ing ultracentrifugation and gel filtration chromatography. 
In addition, canine prostasome preparations were also ana-
lyzed by transmission electron microscopy (TEM) and so-
dium dodecyl sulphate polyacrylamide gel electrophoresis 
(SDS-PAGE). Ejaculates, collected from three crossbred 
dogs, were subjected to ultracentrifugation followed by 
FPLC gel filtration (GF) on Sepharose 6 column, using the 
FPLC system (BioRad BioLogic DuoFlow software). Pros-
tasomes appeared as a single fraction in the elution pro-
file and aminopeptidase activity, a prostasome marker, was 
detected in the isolated chromatography fraction. TEM 
analysis of  canine prostasomes revealed the presence of  
different sizes of  membrane vesicles (with diameters rang-
ing from 40 to 200 nm) and most of  the prostasome-like 
vesicles were roughly round in shape, surrounded by dou-
ble- or multi-laminar membranes. It was found that canine 
prostasomes are a complex comprising 23 protein frac-
tions, with molecular weights ranging from 8.5 to 147 kDa, 
as detected by densitometric analysis (BioRad MultiAnalyst 
software). Furthermore, it was observed that a 14.9 kDa 
protein fraction was predominant in the purified prosta-
some preparations, accounting for approximately 18% of  
the total protein content. Also, another four protein frac-
tions, with molecular weights of  9.3 kDa, 11.5 kDa, 61.7 
kDa and 147 kDa, accounted for 6.8%, 6.2%, 6.6% and 
7.6% of  the total protein content, respectively. We have 
demonstrated, for the first time, that prostasomes isolated 
from canine seminal plasma are morphologically similar to 
those detected in the seminal plasma of  other animal spe-
cies. Further studies on the protein composition of  pros-
tasomes will give more important information about their 
structure and functions, which are associated with the bio-
logical properties of  spermatozoa.
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Introduction High stress level is a chief  feature of  the 
modern society environment. Chronic stress induces con-
siderable disorders in the activities of  various functional 
systems in the body and, primarily, in regulatory mecha-
nisms. Close relationships between thyroid state and CNS 
functions are well-known. Thyroid hormone deficiency 
provokes metabolic disorders and brain hypoxia. Chronic 
stress reduces cognition and memory, but its role in impair-
ments of  neurohormonal regulation mechanisms has not 
been definitely determined.
Aim of  research: To do research into the effects of  chronic 
psychoemotional stress on the state of  hypophyseal-thy-
roid system and the contents of  free amino acids in the 
rat brain.
Materials and Methods Chronic psychoemotional stress 
(CPES) was provoked in female Wistar rats by the method 
of  Desiderato O. and Tolmachev D.A. Iodine deficiency 
(ID) was induced by feeding on a low-iodine diet for 5 
weeks. Thyroid (TG) tissue was assayed for activities of  io-
dine uptake and organification. HPLC was used to measure 
free amino acid concentrations in  homogenates (1:5) of  
the frontal large hemisphere (LH) lobes.
Results It was found that stress decreased TG functional 
activity, disturbing iodine organification. In CPES, TG 
showed LPO activation, with the mechanisms including 
increased ROS and free iodine concentrations. Decreased 
thyroid state can be a cause for impaired CNS and early 
brain ageing. CPES induced imbalance of  key regulatory 
amino acids in LH. At the post-stress period, the rat brain 
LH showed elevated concentrations of  serine (25.0%), 
phosphoserine (49.4%), anserine (35.6%) and cysteinesul-
fonic acid (56.6%) and a decreased glycine concentration 
(22.2%). These effects were even more pronounced in ID 
rats. ID raised concentrations of  phosphoserine (53.7), 
ethanolamine (17.4%), phenylalanine (34.7%), tryptophan 
(116.2%) and reduced citrulline (24.64%) and β-alanine 
(14.9%) in frontal LH lobes.
Conclusion These regularities indicate that the effects of  
CPES in the brain LH are characterized by much more pro-
nounced amino acid imbalance which includes: impaired 
transport of  aromatic precursor amino acids and media-
tor synthesis in monoaminergic systems (multidirectional 
changes in leucine on the one hand, and in phenylalanine 
on the other). This can be due to disturbances in functions 
of  brain cellular metabolic systems which directly or in-
directly depend on thyroid hormone levels and, probably, 
other iodinated molecules.
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Sulfur-containing amino acids play an important role 
in vital functions of  animals and humans. However, ho-
mocysteine (a product of  reactions transsulfuration) and 
cysteinylglycine (formed from glutathione by an enzymatic 
reaction with the participation of  γ-glutamyl) are prooxi-
dants. Cysteinylglycine, has been shown to cause lipid per-
oxidation in human plasma LDL lipoproteins, as well as 
oxidative damage on DNA bases. It is known about signifi-
cantly positive correlation between serum cysteinylglycine 
levels and risk for ischemic heart disease and invasive breast 
cancer risk [2]. Hyperhomocysteinemia and high cysteine 
levels may be associated with an increased risk for breast 
cancer among women with low folate status [3].
We have studied the content of  sulfur-containing amino 
acids and their derivatives in the blood plasma of  patients 
with pneumonia and infiltrative pulmonary tuberculosis. 
The study involved 46 patients (30 men diagnosed with 
pneumonia and 16 — tuberculosis) and 63 healthy (con-
trol group) of  both sexes. Determination of  homocysteine 
(L-Hcy), cysteine (L-Cys), сysteinylglycine (CysGly) and 
glutathione (GSH) was performed by HPLC with fluores-
cence detection [1].
Studies have shown that patients with pneumonia was 
statistically significant increase (155%) levels of  cysteine 
(356.9±14.5 μmol / L vs. 553.3±30.5 p 0.05) and a signifi-
cant decrease (79%) level of  cysteinylglycine (24.80±0.43 
μmol/L, against 19.53±1.19, p 0.05). In tuberculous lung 
disease patiets show a different picture: on the background 
of  high (138%) levels of  cyseine (493.3±31.3 μmol/L, 
p 0.05) had a statistically significant increase in homocyst-
eine levels (8.40±0.43 μmol/L, vs. 15.32±3.70 μmol/L, 
p<0.05) and a constantlevel of  cysteinylglycine.
The level of  glutathione in plasma remained unchanged in 
all groups studied.
The ratio of  the concentrations of  (Cys/Hcy) in patients 
with pneumonia was significantly higher (almost double) 
74.1±3.8, versus 45.8±2.0, in control group, p<0.05, where-
as in group with tuberculous lung disease — did not differ 
from control values and amounted to 47.4±5.8, p=0.75.
The results can serve as an additional instrumental analysis 
by timely diagnosis of  pulmonary pathology.
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We report the identification and characterization of  the 
single-stranded DNA binding protein (SSB) from psychro-
philic high pressure adapted bacteria Photobacterium profun-
dum SS9 (PprSSB). The ssb genes obtained by PCR were 
cloned and PprSSB was overexpressed in Escherichia coli 
strain. The gene consists of  an open reading frame of  552 
nucleotides encoding SSB protein of  183 amino acids with 
a calculated molecular mass of  20.4 kDa. The amino-acid 
sequence of  PprSSB exhibits 70% identity and 75% simi-
larity to Escherichia coli SSB. In analysis by gel filtration chro-
matography we show that PprSSB is functional as homooc-
tamer, a structure as yet unlisted in published SSB proteins. 
Each monomer encodes one single-stranded DNA bind-
ing domains (OB-fold). In fluorescence titrations with 
poly(dT), it binds single-stranded DNA with a binding site 
size of  about 19–26 nt depending on the salt concentra-
tion, and fluorescence is quenched by about 90%. When 
analysed by differential scanning microcalorimetry (DSC) 
the melting temperature (Tm) was 60°C for PprSSB. The 
rare, relatively high thermostability of  this cold-adapted 
protein and the homooctameric structure, which is unique 
among all known pro- and eukariotic single-stranded DNA 
binding proteins, could prove to be useful in various mo-
lecular biology techniques.
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Single stranded DNA-binding proteins (SSBs) bind coop-
eratively to ssDNA, keeping them in the unwinding form, 
which is available for proteins involved in the processes of  
replication, recombination and DNA repair. SSB prevent 
ssDNA from forming secondary structures and from deg-
radation by nucleases.
There are an increasing number of  studies which report 
the usefulness of  SSBs for amplification in vitro, especially 
the polymerase chain reaction (PCR). A number of  modi-
fications to the basic PCR format have been developed in 
an attempt to increase amplification efficiency and specific-
ity. It was shown that the use of  a native ssDNA-binding 
protein, gene 32 protein from bacteriophage T4 or SSB 
from Escherichia coli, increases amplification efficiency with 
a number of  diverse templates.
Recently, we have applied the use of  SSB-like proteins 
of  the thermophilic bacteria Thermus thermophilus and T. 
aquaticus (TthSSB and TaqSSB) to increase amplification 
efficiency with a number of  diverse templates in PCR. It 
was shown that addition of  TthSSB to PCR halved the 
elongation time required for the DNA polymerases of  T. 
thermophilus (Tth) and Pyrococcus furiosus (Pfu) to synthesize 
DNA fragments in PCRs. TthSSB also increased the fi-
delity of  the Tth DNA polymerase and was able to bind 
single-stranded RNA, allowing a dramatic enhancement of  
the reverse transcription activity of  its cognate Tth DNA 
polymerase during cDNA synthesis. Here, we present ef-
fect of  psychrofilic (Pseudoalteromonas haloplanktis) and ther-
mophilic SSB (Thermoanerobacter tengcongensis and archaeon 
Nanoarchaeum equitans) proteins on PCR reaction.
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Fibrinogen is the last factor in the clotting cascade. Struc-
turally, it consists of  three pairs of  polypeptide chains: α, 
β and γ, which are encoded by three different genes clus-
tered on chromosome 4q23-32. Elevated fibrinogen lev-
els indicate increased hemostatic system activation and 
represent the primary risk factor in thrombotic disorders. 
β-fibrinogen gene –455 G/A polymorphism (rs1800790) is 
especially involved in the rate-limiting steps of  the forma-
tion of  the β-chain and closely related to the elevation of  
the plasma fibrinogen level. The literature data show that 
thrombotic factors may participate in the development of  
aortic aneurysm which is a particular form of  atherothrom-
bosis characterized by a segmental weakening and dilation 
of  the aortic wall.
The aim of  the study was to determine the frequency of   
–455 G/A polymorphism in fibrinogen β chain gene in 
polish patients with abdominal aortic aneurysm in compar-
ison with healthy control subjects. The polymorphism was 
genotyped in 153 cases and in 152 controls using polymer-
ase chain reaction — restriction fragment length polymor-
phism sites (PCR-RFLP). The PCR products were digested 
with HaeIII.
Our study revealed significant statistical differences in 
genotype and allele frequency between AAA patients and 
controls (χ2 =20.5; df=2; p=0.00004). The obtained value 
of  the odds ratio for GA genotype (OR=3.01; 95% CI 
1.83–4.96) suggests that presence of  heterozygote increas-
es at least twofold (but on average threefold) the risk of  the 
development of  abdominal aortic aneurysm and the result 
has high statistical significance (p=0.00002). On the other 
hand, we found that cases possessing homozygous mutant 
genotype (AA) have no significant risk of  AAA develop-
ing compared with the control subjects (OR=1.12; 95% CI 
0.33–2.44; p=0.83).
To conclude, the study suggest that the –455G/A polymor-
phism of  β-fibrinogen gene is a potential genetic marker 
to identify the risk of  AAA appearance and therefore may 
form the basis for future investigation in this field.
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The rapid increase in the incidence of  Alzheimer's disease 
(AD), causes the urgent need for interventions to prevent 
and/or slow down neurodegenerative process. The multi-
ple pathogenic pathway of  AD is associated with changes 
in cholinergic system of  CNS and with β-amyloid deposi-
tion in the brain. The discovery and development of  new 
drugs is often focused on chemical compounds from plant 
extracts. Very interesting raw plant material in this area is 
root of  Salvia miltiorrhiza (SR) [1, 2].
The main aim of  this study was to assess the influence 
of  subchronic (28-fold) administration of  ethanol-water 
extract of  SR (SRE, 200 mg/kg, p.o.) on short-term and 
long-term memory of  rats coupled with their cholinest-
erases (AChE, BuChE) activities assessment and with the 
evaluation of  the impact on gene expression level of  AChE 
and BuChE in hippocampus, frontal cortex and striatum.
It was shown that in the passive avoidance test, that SRE 
(1.07% tanshinons and 0.15% rosmarinic acid) significantly 
improved the long-term memory of  rats by 174% (p 0.01). 
Moreover, it was shown that the SRE inhibited the AChE 
activity by 47% (p 0.01) in frontal cortex and by 55% 
(p 0.01) in the hippocampus of  rat brai. Inthesame group it 
was also found out that the SE inhibited (not significantly) 
the activity of  BuChE.
Analysis (RT-PCR) of  mRNA expression in rat’s brain 
homogenates showed that the SRE resulted in a statisti-
cally significant decrease of  relative expression levels of  
AChE mRNA in the frontal cortex (by 41%, p<0.05) and 
the trend of  decrease in transcript levels in the striatum 
(by 35.6%, p 0.1). Similarly it was found the same trend in 
lowering level of  BuChE mRNA expression in the frontal 
cortex (by 48.4% p 0.1).
Our results concerning the molecular influence of  Salvia 
miltiorrhiza root extract on activity and gene expression of  
key enzymes involved in AD, allow to state that plant ex-
tract, containing i.e. tanshinones and rosmarinic acid, po-
tentially may improve cognitive ageing.
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Legionella dumoffii is a Gram-negative respiratory pathogen 
that causes severe pneumonia in susceptible individu-
als, mainly immuno-compromised patients or the elderly. 
Pneumonia caused by this bacterium is rapidly progres-
sive and fulminant and is often fatal. Moreover, infection 
by this bacterium accidentally induces other disease, such 
as prosthetic-valve endocarditis and septic arthritis. After 
transmission in human lungs, L. dumoffii grows within alve-
olar epithelial cells, which fail to degrade the bacterium, and 
instead allow formation of  a membrane-bound replication 
vacuole. Intracellular replication is possible by the fact that 
the bacterium comes into contact with unique metabolites 
provided by eukaryotic hosts in its environmental reservoir. 
Phosphatidylcholine (PC) is the major membrane-forming 
phospholipid in Legionella lipids and an important viru-
lence determinant. PC can be synthesized via two different 
routes, the PMT or the PCs pathway. In the PCS pathway, 
choline is condensed directly with CDP-diacylglyceride to 
form PC in a reaction catalysed by PCS. In the methylation 
pathway, phosphatidylethanolamine is methylated three 
times to yield PC, in reactions catalysed by one or several 
phospholipid N-methyltransferases (PMTs).
The bacteria were cultured on buffered charcoal yeast ex-
tract (BCYE) agar enriched with 100 µgml-1 ethanol-1,1,2,2 
–d4-amine. Bacterial cells were washed twice in 0.5 M NaCl, 
once in distilled water, and lyophilized. Lipids from cells 
were extracted as described by Bligh and Dyer, and separat-
ed into neutral and polar fractions. The deuterium-labeled 
polar lipids were used for MALDI-TOF and LC/ESI-MS 
analysis. The positive ionization MALDI-TOF spectrum, 
indicative of  the molecular masses of  individual phos-
pholipids, contained a cluster ions at m/z: 663.47–798.65, 
which represented mainly PCs. In LC/ESI-MS measure-
ments D4-ethanolamine-labeled PE species were detected 
in the positive ion mode, by the loss of  a neutral fragment 
145 Da for PE, 159 Da for MMPE and 173 Da for DMPE. 
PC molecular species were identified by precursor ion scan-
ning (m/z 188) in the positive ion mode as well.
The ability to use exogenous ethanolamine is an important 
virulence factor, since this capability of  using unique me-
tabolites provided by eukaryotic hosts ensures survival of  
the pathogens in the host cell.
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Trehalose (α-d-glucopyranosyl-1,1-α-d-glucopyranoside) is 
a non-reducing disaccharide which consist of  the two glu-
cose units linked trough an α-1,1-glycosidic linkage. The 
presence of  trehalose was found in the cells of  fungi and 
yeasts, bacteria, nematodes, insects, eggs, pupae, and some 
plants. Unique features of  trehalose make it a potential 
source of  many applications in food, medical, veterinary 
and pharmaceutical industries.
Biosynthesis of  trehalose is carried out according various 
metabolic pathways, including the use of  one step enzymat-
ic reactions with trehalose synthase [E.C. 5.4.99.16], which 
produces trehalose by the intermolecular transglycosylation 
of  maltose. Recombinant, slightly thermophilic trehalose 
synthase from Deinococcus geothermalis (DSMZ 11300) is one 
of  those enzymes which can catalyze conversion of  malt-
ose into trehalose.
The aim of  this study was isolation and cloning of  treha-
lose synthase gene derived from extremophilic microor-
ganism to the expression vectors in the Tabor-Studier sys-
tem and its expression in BL21(DE3)pLysS Escherichia coli 
cells. The second phase of  the study consisted of  proteins 
purification using an initial denaturation of  host proteins 
and salting-out proteins by ammonium sulfate.
Key words: Deinococcus geothermailis, trehalose, trehalose 
synthase, recombinant E. coli
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Seed dormancy is controlled by the physiological or struc-
tural properties of  a seed and the external conditions. It is 
induced as part of  the genetic program of  seed develop-
ment. Seeds acquire deep physiological embryo dormancy 
during last stage of  development as is maturation. Inves-
tigation of  proteins, product of  genes activated during a 
complex developmental process as is dormancy aquisition 
was the aim of  presented research. Proteomics offers the 
opportunity to examine simultaneous changes and to clas-
sify temporal patterns of  protein accumulation occurring 
during seed dormancy aquisition.
These studies were carried out on seeds of  Norway maple 
(Acer platanoides L.), an angiosperm tree plant, during their 
early development and maturation. Seeds were collected 
from individual tree from week 10 till week 23 after flower-
ing. The protein extraction was done only for embryo. The 
process of  seeds dormancy acquisition was analysed during 
each week of  development.
Regarding the proteomic approach, proteins of  the seeds 
were separated by 2D-gel electrophoresis, analysed us-
ing Image Master 7.0 and identified by ESI MS/MS. The 
changes during seed development were investigated and 
main significant protein variations were pointed out. Analy-
sis of  the functions of  the identified proteins and the relat-
ed metabolic pathways would expand our knowledge about 
seeds dormancy acquisition.
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Bombyx mori lipoprotein 7 (Bmlp7) belongs to the unique 
group of  proteins, known as 30-kDa lipoprotein family. 
So far, the mulberry silkworm (Bombyx mori) is the only 
lepidopteran in whose hemolymph the 30-kDa lipopro-
teins have been found. It has been confirmed that several 
30-kDa lipoproteins have antiapoptotic properties [1] and 
are involved in immune response to fungal infections via 
β-glucan binding [2]. Recently, we have determined three 
crystal structures of  Bmlp7, and postulated a potential 
role of  the protein in detoxification mechanisms related to 
heavy metal pollutions [3]. However, it remains to be deter-
mined whether Bmlp7 can bind glucans or fatty acids and 
whether there are any other physiological ligands interact-
ing with this protein.
To address these questions, we have soaked single crys-
tals of  Bmlp7 in 100 mM solutions of  glucose and 
α-glucosamine. Synchrotron X-ray diffraction data have 
been collected and the structures were solved by molecular 
replacement. However, no sugar molecules could be de-
tected in the crystal structures. In order to identify potential 
unknown ligands, we have performed a thermal denatura-
tion assay for Bmlp7 in the presence of  different chemicals. 
Several trials were carried out and a set of  carbohydrates 
and cofactors were tested. However, the tested compounds 
had no effect or even decreased the thermal stability of  
the protein. Wild-type Bmlp7 is very stable, with a melt-
ing temperature of  66.3° C. According to the classification 
of  this protein family, the best ligands for Bmlp7 should 
be lipids. Unfortunately, the thermostability assays cannot 
be performed in the presence of  fatty acids. Further stud-
ies aiming at identification of  natural ligands of  Bmlp7 are 
underway.
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Background: Sports traumatism is one of  the key prob-
lems of  sports medicine. A timely diagnostics and preven-
tion of  pathological states that’s leads to injuries in athletes 
as well as cure and restoration of  affected sportsmen in the 
shortest term now is the main trend of  modern rehabilita-
tion practice, especially in highly qualified sportsmen.
Dynamically applied biochemical methods used to be an 
objective sign of  clinical course and give the opportunity 
to watch closely the treatment or prophylaxis effectiveness 
and make adjustments to training process.
Dopamine is biogenic amine and plays an important role 
in organism adaptation processes to traumatic injury and in 
forming an adequate response to arising metabolic, func-
tional and also psychological changes in answer to injury.
Aims: The aim of  present research was determination 
content of  dopamine metabolism level in blood serum of  
healthy and injured athletes by the use of  the quantitative 
assessment of  its metabolites. Also analysis injury influence 
to these figures of  biogenic amines metabolism.
Material and methods: The control group consisted of  
39 practically healthy athletes. The basic group included 53 
athletes with the primary sports injury. Serum is produced 
by centrifugation with 3000 rpm during 10 min and aspirat-
ed. The concentration of  tyrosine (Tyr), dihydroxyphenyla-
lanine (DOPA), 3,4-Dihydroxyphenylacetic acid (DOPAC), 
Homovanillic acid (HVA) and 3 methoxy-4-hydroxyphe-
nylglycol (MHPG) was detected by the high-performance 
liquid chromatography (HPLC) technique on chromato-
graphic system Agilint 1100 with fluorescence detection.
Statistical analysis of  derived data was hold with package of  
application software «Statistica 6.0». Normalcy of  distribu-
tion was estimate using the Shapiro-Wilk criterion. Confi-
dence level comparing two independent groups with the 
abnormal distribution of  quantitative attributes values was 
estimated with the use of  nonparametric method – Mann-
Whitney criterion.
Results: Analysis of  catecholamines exchange data shows 
a statistically significant (p 0.05) changes of  the level of  
catecholamines precursors in blood serum of  inured ath-
letes: increasing of  tyrosine and MHPG, and decreasing of  
DOPA. The decrease in the concentration of  degradation 
products of  dopamine takes place in blood serum of  in-
juries athletes compared with the control group. Statisti-
cally significant (p<0.05) is the difference in the content of  
DOPAC compared with the healthy sportsmen. Also the 
tendency to reduce the level of  HVA noted.
Conclusion: It is shown significant changes in the level 
of  catecholamine exchange in blood serum of  injuries ath-
letes compared with the control group. There is a reduced 
degradation product of  dopamine that testifies about the 
prolongation of  the stress response after the trauma in ath-
letes.
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of protein by-product hydrolysates 
produced with protease of plant origin
Marta Pokora, Ewelina Eckert, Aleksandra Zambrowicz, 
Anna Dąbrowska, Marek Szołtysik, Tadeusz Trziszka, 
Antoni Polanowski, Józefa Chrzanowska

Wrocław University of Environmental and Life Sciences, Department 
of Animal Products Technology and Quality Management, Wrocław, 
Poland
e-mail: Marta Pokora <marta.pokora@up.wroc.pl>

The food industries generate many different by – products. 
One of  them is denatured egg white protein preparation, 
which is produced during the isolation process of  biologi-
cally active components from egg white, such as lysozyme 
and cystatine. Main component of  this preparation is 
ovoalbumin, which is known to possess specific properties 
important for food formulation and agriculture, such as 
nutritive or energetic value, which makes it valuable mate-
rial for further treatment.
The enzymatic hydrolysis is one of  the most interesting 
method for upgrading of  such by-product. There is the 
possibility to obtain hydrolysates exhibiting useful nutri-
tional and functional properties, throught the control of  
the process parameters (pH, time, enzyme:substrate ratio). 
Food protein hydrolysates are a mixture of  easily digestible 
peptides and free amino acids, what makes them extremely 
valuable products in supporting the treatment of  patients 
suffering from many diseases, especially those connected 
with the digestive system. Attractive properties of  hydro-
lysates are often accompanied by high biological activity 
associated with the release of  biopeptides during the enzy-
matic degradation of  proteins. Large-scale production of  
hydrolysates is quite often very expensive process, due to 
the high price of  commercial enzyme preparations used in 
the process. Use enzyme of  high activity, originating from 
cheap source, can be a great opportunity to produce hydro-
lysates with attractive properties and minimize costs of  its 
production at the same time.
The aim of  the research was enzymatic modification of  
denatured egg white protein preparation (EP) in order to 
obtain more attractive product revealing biological activ-
ity. This substrate was hydrolysed by noncommercial plant 
serine protease isolated from Cucurbita ficifolia. Biopeptides 
exhibiting antioxidant (DPPH scavenging and chelating of  
iron activity) and antihypertensive (ACE-inhibitory) activi-
ties were isolated from obtained  hydrolysates by use of  
chromatographic methods such as gel filtration and re-
verse-phase high-performance liquid chromatography (RP-
HPLC). The molecular masses and amino acid sequences 
of  the purified peptide fractions with a strongest activity 
were determined using electrospray ionization (ESI) mass 
spectrometry. It was shown that the most active fraction is 
equimolar mixture containing two tetrapeptides compatible 
to ovoalbumin sequence. It was also proved that analyzed 
hydrolysate was biologically active so it can be used as a po-
tential ingredient in functional food systems as therapeutic 
agents with defined pharmacological activity.
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Recently performed whole genome sequencing of  expo-
nents of  primitive chordates like amphioxus Branchiostoma 
floridae and sea squirt Ciona intestinalis, hemichordates like 
acorn worm Saccoglossus kowalevskii  and  echinoderms such 
as sea urchin Strongylocentrotus purpuratus enables moving 
back in examination of  evolution of  hemostasis.
The purpose of  the work was to answer the questions 
about relics of  serine proteases, related to protease factors 
of  vertebrate hemostasis, present in primitive non-verte-
brate deuterostomes.
Genome sequences were analyzed by multiple bioinfor-
matics tools. Vertebrate protein sequences were found on 
UniProt or NCBI GenBank. Protein domains were esti-
mated by PROSITE and PFAM. DNA sequences of  hu-
man chromosomes were downloaded from ENSEMBL 
Genome Browser. Publicly accessible sequences of  non-
vertebrate deuterostomes were downloaded from DOE 
Joint Genome Institute (JGI) and Baylor College of  Medi-
cine Human Genome Sequencing Center. The Basic Local 
Alignment Search Tool  (BLAST) executables were down-
loaded from NCBI. TBLASTN and NCBI protein BLAST 
searches with domains of  serine proteases of  hemostasis 
were performed against non-vertebrate deuterostome ge-
nomes. Reconstructions between exons were made with 
GeneScan and by manual assembles of  multiple amino 
acid sequence alignments and BLAST results. Multiple 
alignments were made with ClustalW. Phylip 3.69 software 
package was employed to count consensus trees. Mrbayes 
3.1.2 was used to count Markov chain Monte Carlo tree. 
Additional phylogenetic trees were drawn with iTOL. Syn-
teny analyses and DNA comparisons were made with ACT 
DNA Sequence Comparison Viewer. Ancestral sequences 
were reconstructed using ANCESCON. Homology mode-
ling was performed by SwissModel in automated mode and 
the spatial structures were visualized by Autodock tools. 
Ligand docking of  some physiological ligands of  thrombin 
with modeled proteases was performed using Autodock 
Vina 1.0.
The search discovered numerous homologous compo-
nents. The primitive deuterostome serine proteases exhib-
ited the attributes similar to vertebrate thrombin by phy-
logeny relationships, sequence conservation, gene synteny, 
spatial structure and ligand docking. A few plasminogen-
like and plasminogen activators-like proteases with kringles 
were also present.
Hypothetically, the common ancestor of  chordates had 
three separate serine proteases that evolved independently 
into immunoglobulin-like and kringle proteases in lance-
lets, and prothrombin, plasminogen activators and plasmi-
nogen in vertebrates. Ancestral proteases evolved in ver-
tebrates into hemostasis factors after merging the proper 
N-terminal domains and duplications.
The future research would explain the role of  described 
proteases and develop understanding of  the evolution of  
hemostasis with medical and environmental implications.
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imported by lateral gene transfer 
from ancestor of vertebrates — 
adaptive and medical implications
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Continuing increase of  whole genome databases enables 
new, sometimes unexpected findings about evolution 
mechanisms of  different organisms. The latest results in 
the field of  vertebrate blood coagulation evolution include 
the demonstration of  sole predecessor genes correspond-
ing to human blood coagulation factor IX (FIX) and X 
(FX) and their cofactors: factor V (FV) and VIII (FVIII) 
in lamprey (Doolittle et al., 2008), lone predecessor gene 
for factor XI/plasma prekallikrein (FXI/PK) in mono-
tremes, birds and amphibians and lack of  the genes for 
proteases of  the contact phase of  blood coagulation in fish 
(Ponczek et al., 2008). Recently published sequences from 
genome of  exoparasite deer tick — Ixiodes scapularis (Say, 
1821) (Nene, 2009), belonging to family of  hard ticks (Ixo-
didae), a vector of  several diseases including Lyme disease, 
provided seemingly odd results. Our invertebrate genome 
survey for thrombin homologs using BLAST (Altschul et 
al., 1990) on NCBI website, with human serine protease 
domain as a template, returned several close homologs in 
non-vertebrate deuterostomes with similarity slightly above 
40%. The hits in protostomes were below 40% similarity 
with the exception of  I. scapulars putative protein (Gen-
Bank ID: XP_002401932) which surprisingly was 43% 
similar to human thrombin. The predicted by conceptual 
translation protein is described on NCBI database as 'ser-
ine protease, putative'. This finding inspired us to examine 
the tick protease by phylogenetic methods. Mrbayes 3.1.2 
(Huelsenbeck & Ronquist, 2001) was used to count Mark-
ov chain Monte Carlo Maximum Likelihood tree with JTT 
PAM1 model (Jones et al., 1992). The phylogenetic tree was 
drawn with iTOL (Letunic & Bork, 2007). Human and the 
other known vertebrate protein sequences were taken from  
UniProt or NCBI GenBank. Multiple alignments were made 
with Clustal W2 (v.2.1) (Thompson et al., 1994). Localiza-
tions of  serine protease domains were estimated by PROS-
ITE (http://www.expasy.ch/prosite/) and PFAM (http://
pfam.sanger.ac.uk/) (de Castro et al., 2006). All thrombin 
homologs were found by online NCBI blastp search and 
the results were parsed by our own Python scripts to ex-
tract sequences in FASTA format (Lipman & Pearson, 
1985). The sequences were aligned together with some ad-
ditional vertebrate serine protease domains by ClustalW2 
with Phylip output (Felsenstein, 1989), and converted to 
NEXUS file format (Maddison et al., 1997) for MrBayes 
run. Together 214 sequences were analyzed with 16 100 000 
mcmc generations. Sequence alignment and phylogenetic 
tree confirmed close relation of  tick protease domain with 
thrombin homologs of  deuterostomes. The phylogenetic 
analysis and the relationship level of  amino acid sequence 
corresponding accordingly to the serine proteases of  ver-
tebrates and invertebrates indicate that the thrombin-like 
protease is indeed present in deer tick genome and is prob-
ably not a library contaminant. Such a close relation is dif-
ficult to explain from known evolution relationship of  pro-
tostome I. Scapularis and deuterostomes. We hypothesize 
that the thick ancestors achieved the gene from vertebrates 
by lateral transfer and afterward the sequence diverged in-
dependently. Unfortunately, the place of  expression of  pu-

tative tick protease is unknown. Unknown is also a function 
of  the real protein product. Also genomes of  other tick 
species, including two other families of  the order Ixodida 
— soft ticks (Argasidae), and Nuttalliellidae are currently 
not available. However some new data were obtained by 
recently sequenced genome of  spider mite — Tetranychus 
urticae (Koch, 1836) belonging together with ticks to the 
subclass Acari and together with other representatives to 
class Arachnida. Similar protein is present in mite genome 
(Grbic et al., 2011) and it can be found in one of  whole 
genome shotgun contig (EMB ID:CAEY01000740) by  
tblastn. It is 59% similar to tick protein and 42% similar 
to vertebrate thrombin protease domain. Both spider mite 
and deer tick proteins are functional proteases as they have 
catalytic triad HDS. 
The earliest time of  appearance of  Acari was proven by 
fossil history to early Devonian Period, 410 MYA (Dunlop 
& Selden, 2009), and inferred from mitochondrial phylog-
eny that subsequently this taxon could diverged as far back 
as 424±21 MYA with ticks separated 300±27 MYA (Dun-
lop & Selden, 2009). It is in accordance with the time when 
vertebrates colonized land as the oldest fossilized traces of  
tetrapod were dated at 395 MYA (Niedzwiedzki et al., 2010) 
and molecular clock estimations were about 400 MYA 
(Mayer, 1995). Land vertebrates were already equipped 
with thrombin and fibrinogen based blood coagulation sys-
tem, which probably evolved during Cambrian explosion 
about 100 MYA earlier with the appearance of  first water 
vertebrates (Doolittle, 2011). However, hypothetical gen 
transfer could have happened after divergence of  Acari but 
before split into mite and tick ancestors and before thick 
predecessor could feed on the first land hosts — hypo-
thetical amphibian like tetrapods (Dunlop & Selden, 2009). 
Similarity to vertebrate thrombin is parallel to those pre-
sented by primitive deuterostomes like sea urchin, acorn 
worm or lancelet. It could suggest that hypothetical import 
had taken place from prevertebrate host to parasitic water-
dwelling common ancestor of  Acari. It is known that water 
mite larvae are parasites of  water insects (Jalil & Mitchell, 
1972). Presence of  this homolog also in mites additionally 
supports our hypothesis. It recently appeared that spider 
mite genome has incorporated fungal and bacterial genes 
(Grbic et al., 2011). It seems that taxon of  Acari might 
be particularly susceptible to borrow genes during evolu-
tion. The imported thrombin-like gene could be fixed by 
positive Darwinian selection as it could have given para-
site some profitable capabilities to disturb host protective 
systems. Thrombin (active plasma coagulation factor II) is 
serine protease which cleaves the peptide bonds in proteins 
located on the carboxyl side of  arginine. Thrombin invokes 
polymerization of  fibrin by sequential cleavage of  fibrin-
opeptides A and B from fibrinogen, activation of  coagula-
tion factors V, VIII, XI, XIII and the blood platelet activa-
tion by proteolysis of  protease activated receptors (PAR) 
on blood platelet surface (Becker & Spencer, 1998). It is too 
early to speculate if  the functional protease described here 
could provide the tick with any ability to disrupt induced 
by thrombin clotting or platelet/thrombocyte activation of  
host blood (fibrinogen, cofactors V, VII or blood platelet / 
thrombocyte receptors activation interfering?), however in 
our opinion it is a very interesting field for future molecular 
biology studies.
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Recently performed whole genome sequencing of  expo-
nents of  primitive chordates like amphioxus Branchiostoma 
floridae and sea squirt Ciona intestinalis, hemichordates like 
acorn worm Saccoglossus kowalevskii  and  echinoderms such 
as sea urchin Strongylocentrotus purpuratus enables moving 
back in examination of  evolution of  hemostasis.
The purpose of  the work was to answer the questions 
about relics of  serine proteases, related to protease factors 
of  vertebrate hemostasis, present in primitive non-verte-
brate deuterostomes.
Genome sequences were analyzed by multiple bioinfor-
matics tools. Vertebrate protein sequences were found on 
UniProt or NCBI GenBank. Protein domains were esti-
mated by PROSITE and PFAM. DNA sequences of  hu-
man chromosomes were downloaded from ENSEMBL 
Genome Browser. Publicly accessible sequences of  non-
vertebrate deuterostomes were downloaded from DOE 
Joint Genome Institute (JGI) and Baylor College of  Medi-
cine Human Genome Sequencing Center. The Basic Local 
Alignment Search Tool  (BLAST) executables were down-
loaded from NCBI. TBLASTN and NCBI protein BLAST 
searches with domains of  serine proteases of  hemostasis 
were performed against non-vertebrate deuterostome ge-
nomes. Reconstructions between exons were made with 
GeneScan and by manual assembles of  multiple amino 
acid sequence alignments and BLAST results. Multiple 
alignments were made with ClustalW. Phylip 3.69 software 
package was employed to count consensus trees. Mrbayes 
3.1.2 was used to count Markov chain Monte Carlo tree. 
Additional phylogenetic trees were drawn with iTOL. Syn-
teny analyses and DNA comparisons were made with ACT 
DNA Sequence Comparison Viewer. Ancestral sequences 
were reconstructed using ANCESCON. Homology mode-
ling was performed by SwissModel in automated mode and 
the spatial structures were visualized by Autodock tools. 
Ligand docking of  some physiological ligands of  thrombin 
with modeled proteases was performed using Autodock 
Vina 1.0.
The search discovered numerous homologous compo-
nents.  The primitive deuterostome serine proteases exhib-
ited the attributes similar to vertebrate thrombin by phy-
logeny relationships, sequence conservation, gene synteny, 
spatial structure and ligand docking. A few plasminogen-
like and plasminogen activators-like proteases with kringles 
were also present.
Hypothetically, the common ancestor of  chordates had 
three separate serine proteases that evolved independently 
into immunoglobulin-like and kringle proteases in lance-
lets, and prothrombin, plasminogen activators and plasmi-
nogen in vertebrates. Ancestral proteases evolved in ver-
tebrates into hemostasis factors after merging the proper 
N-terminal domains and duplications.
The future research would explain the role of  described 
proteases and develop understanding of  the evolution of  
hemostasis with medical and environmental implications.
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Background: It is known that revealing of  initial displays 
of  pathological processes during the early neonatal period, 
their timely correction and preventive maintenance, allows 
to prevent negative consequences or to lower their intensity 
in the further development of  the child.
Aim: A research objective was the retrospective analysis 
serotonin metabolism indices in umbilical cord blood se-
rum of  full-term newborns  at an estimation of  their psy-
chological development and disease at the age of  1 year. 
Methods: It had been analysed 80 stories of  full-term 
newborns development and 80 cards of  development of  
children. The comparison group was made by 10 healthy 
children who are elderly till 1 year didn't address for medi-
cal aid.
Results: The analysis of  children disease of   early age de-
pending on starting indicators of  serotonin  exchange has 
shown that is elderly about a year of  76.3% of  children 
(n=61) have transferred repeatedly sharp respiratory dis-
eases. In investigated group of  children (n=61) in com-
parison with group of  healthy children statistically signifi-
cant increase of   tryptophan (Trp) in umbilical cord blood 
serum– 77.3 (65.1 isn'ted; 96.5) against 60.7 (59.1; 77.7) 
nmol/ml, р=0.04) and the precursor 5-hydroxytryptophan 
(5-HTP) – 24,1 (16.3; 32.1) against 18.7 (14.3; 20.3) nmol/l, 
р=0.03) was revealed. Possibly, features of  a course of  the 
perinatal period in this group of  children, accompanied by 
exchange serotonin infringement, could affect formation 
of  the immune status and high disease.
The analysis of  psychological development of  children at 
the age of  1 year has shown that the syndrome movements 
disturbances was observed at 19 (23.8%) children. The ret-
rospective analysis of  indicators of  serotonin exchange in 
umbilical cord blood serum  in group of  children with the  
syndrome movements disturbances at the age of  1 year, 
has revealed statistically significant of  tryptophans level 
increase — Trp (77.8 (67.4; 96.7) against 60.7 (59.1; 77.7) 
nmol/ml, р=0.04) and the precursor of  serotonin, 5-hy-
droxytryptophan — 5-HTP concentrations level increase 
(26.0 (18.4; 32.7) against 18.7 (14.3; 20.3) nmol/l, р=0.03). 
Simultaneously with it, the tendency to maintenance in-
creased serotonin level in this group of  children 141.0 
(56.7; 232.0) against 87.3 (45.1; 149.0) nmol/l, р=0.15) had 
been revealed. It is known that the serotonin exchange in 
the prenatal and early postnatal period influences forma-
tion and development of  structures of  the central nervous 
system, activates its reflex activity.
Conclusions: It has been shown that at children with the 
raised content of  serotonin precursor in umbilical cord 
blood serum at one-year-old age movement disturbances 
took place. It has been revealed that children with the 
raised maintenance tryptophan and 5-hydroxytryptophan 
in umbilical cord blood serum at one-year-old age made 
group often ill aged to 1 year. 
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Sezary’s syndrome (SS) is a rare form of  cutaneous T-cell 
lymphoma characterized by erythroderma and the presence 
of  Sezary cells (CD3+, CD4+, CD8-) in skin, lymph nodes, 
and peripheral blood. Chromosomal instability is charac-
teristic of  this lymphoma and related to bad prognosis, but 
no specific abnormalities that may be directly involved in 
the development of  the disease have been found yet. Over 
the past few decades cytogenetic and molecular cytogenetic 
findings revealed many genetic alterations in patients with 
SS, including recurrent losses in the 6q region, which is fre-
quently altered in different cancer types and might carry 
genes important in oncogenesis. Detailed molecular char-
acterization of  DNA changes has the potential to reveal 
genes being deregulated and possible gene fusions. The 
purpose of  this project was to analyze the 6q23-27 region 
at the molecular level in 12 Sezary syndrome patients and 
Sezary syndrome cell line (SeAx). High resolution Fine-Til-
ing Comparative Genomic Hybridization (FT-CGH) was 
performed for the 6q23-27 region and deletions were de-
tected in 6 patients and SeAx cell line. Previous studies had 
shown that copy number changes detected by the FT-CGH 
might be associated with small structural aberrations like 
inversions or translocations at the breakpoint. In order to 
sequence each breakpoint and identify possible rearrange-
ments, samples with deletions were further analyzed by 
Ligation-Mediated PCR (LM-PCR). Moreover, in two sam-
ples paired-end next-generation sequencing was performed 
on the HiSeq2000 Illumina platform. Using those tech-
niques 37 breakpoints were characterized (28 in SS patients 
and 9 in SeAx), and 21 new rearrangements were identified, 
including 7 simple deletions, 8 inversions, 3 translocations 
(with chromosomes 3, 10 and 12) and 3 transpositions. 14 
genes were disrupted as a result of  those rearrangements, 
and two of  them: oncogene MYB and IL22RA2, were af-
fected more than once. In summary, the combination of  
FT-CGH and LM-PCR, as well as the high-throughput 
paired-end sequencing approach revealed numerous dif-
ferent rearrangements, including inversions and transloca-
tions, associated with the deletions in the 6q23-27 region 
in Sezary syndrome. Further studies are needed to unravel 
the effect of  the identified  alterations on the biology of  SS 
cells and their possible role in the malignant transforma-
tion.
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Zinc ions constituents in zymophore of  many enzymes are 
very powerfull regulators of  ethanol metabolism diminish-
ing his negative effects. Wherein zinc deficiency and alco-
hol abuse disturb ability of  the body to assimilate taurine 
which exerts modulating effect on the amino acids levels in 
different brain regions. Moreover taurine is able to dimin-
ish toxic effect of  exogenous zinc. Application of  combi-
nation of  taurine and zinc salt (preparation "Tauzinc") is 
proposed to attenuate above effects of  alcohol.
We examined the influence of  administration of  prepa-
ration "Tauzinc" on the content of  free amino acids and 
related compounds in blood plasma of  rats undergoing 
subchronic alcohol intoxication (SAI). SAI modeled by 
intragastric administration of  ethanol (14 ml/kg) as 25% 
water solution twice a day for a 28 days. Preparation was 
also administrated intragastrically in dose 5 ml/kg after 30 
min of  each ethanol introduction during last 10 days of  
alcoholisation. The levels of  the compounds were assayed 
using HPLC with fluorescence detection after derivatiza-
tion with o-phtalic aldehyde and FMOC-chloride.
In the groupof  animals undergoing SAI the blood plasma 
levels of  alanine, proline, tryptophan and beta-alanine has 
been elevated, along with the level of  alpha-aminoburate 
(aABA) been decreased. Nevetherless there were no sig-
nificant rise in total amount of  proteinogenic amino ac-
ids, while lowered fraction of  essintial amino acids in total 
amino acids pool observed.
Administration of  preparation "Tauzinc" during last 10 
days of  SAI modelling induced rise of  the taurine, citrul-
line and alanine levels in blood plasma and reduced lysine 
level. Also it prevents from increasing the beta-alanine lev-
el, while concenration of  proline and tryptophan remain 
elevated. Amino acids indices (sum of  proteinogenic ami-
no acids, fraction of  essential amino acids) also remained 
unchanged compared to SAI.
Most significant components determined was taurine, 
beta-alanine, valine and aABA (F>5) meaning that levels 
of  these amino acids specifically determine the differences 
between groups. Analysis of  the scatterplot of  canonical 
scores revealed that expression of  amino acids disbalance 
in blood plasma increased after the administration of  prep-
aration (squared Mahalanobis distance=22.1 for SAI and 
47.6 for SAI with "Tauzinc"). Structure of  1st root which 
explain more than 85% of  variance was determined by lev-
els of  taurine and aABA, the structure of  the 2nd root — 
by levels of  beta-alanine, taurine and valine.
Thereby, preparation "Tauzinc" administrated under SAI 
exerts alteration of  blood plasma amino acids pool of  rats, 
with the trend of  the shifts of  concentrations partly match 
with those exerted by SAI resulting in summation of  the 
changes. This must be taken in account in the future ap-
plication of  this preparation.
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In the last few years there has been observed a great interest 
in the RNA research due to the discovery of  the role that 
RNA molecules play in the biological systems. They do not 
only serve as a template in protein synthesis or as adaptors 
in translation process but also influence and are involved in 
the regulation of  gene expression. It was demonstrated that 
most of  them are produced from the larger molecules due 
to enzyme processing or spontaneous degradation.
In this work, we would like to present our recent results 
concerning the RNA degradation process. In our studies 
we used the model RNA molecules designed according 
to the rules of  degradation developed by Kierzek and co-
workers [1]. On the basis of  the results of  their degrada-
tion we have proposed the formulation of  a problem called 
RNA PDP (RNA Partial Degradation Problem) and the 
exact algorithm capable of  reconstructing RNA molecule 
using results of  biochemical analysis of  its degradation [2]. 
The problem has been shown to be NP-complete [2]. We 
would like to present a new efficient heuristic algorithm 
based on tabu search approach that allows to reconstruct 
the cleavage sites of  the given RNA molecule. Results of  
the computational experiment are proposed which prove 
the quality and usefulness of  the proposed method.
References
1. Kierzek R (2001) Methods Enzymol. 341: 657-75.
2. Blazewicz J et al. (2011) J Comp Biol 18: 821-834.



  Session 2. Genomics, Proteomics, Metabolomics — Medical and  Environmental Implications 63

The First Polish-German Biochemical Societies Joint Meeting, 2012

P2.66

Translational regulation of putative 
cell cycle factors SIAH1, TSC22D1 
and SPINDLIN3 by PUMILIO2 protein, 
in the human HEK293FT cells
Marcin Sajek1, Anna Spik1, Sławomir Oczkowski2,3, Piotr 
Formanowicz2,3, Jacek Błażewicz2,3, Jadwiga Jaruzelska1

1Institute of Human Genetics, Polish Academy of Sciences, Poznań, 
Poland; 2Poznan University of Technology, Institute of Computing 
Sciences, Poznań, Poland; 3Institute of Bioorganic Chemistry, Polish 
Academy of Sciences, Laboratory of Bioinformatics, Poznań, Poland
e-mail: Marcin Sajek <jaruzjad@man.poznan.pl>

The conserved PUF-family of  RNA-binding proteins, 
specifically recognize short nucleotide motifs in 3'UTRs 
to regulate translation in developmental processes includ-
ing germ cell development in many organism. It has been 
previously suggested that distinct PUF paralogues trans-
lationaly bring together expression of  functionally related  
mRNAs. One of  the PUF human homologues, PUMIL-
IO2, is overexpressed in gonads and therefore a question 
arise what kind of  messengers does it regulate in the human 
reproductive system. In the previous studies we performed 
a bioinformatic search for mRNAs containing short nu-
cleotide motifs, AUUGUA and GUUGU, in their 3’UTRs, 
as they were previously shown to be crucial for Pumilio 
protein recognition in Drosophila target mRNAs. We iden-
tified three candidate mRNAs expressed in testis tissue, all 
encoding putative cell cycle regulators (SIAH1, TSC22D1 
and SPINDLIN3) that specifically bind PUF RNA-binding 
domain as assayed by bend shift. Here, to test whether in 
vitro interaction might reflect a cellular function, we first 
co-immunoprecipitated candidate mRNAs from transfect-
ed somatic HEK293FT cells using anti-PUMILIO2 anti-
body. Second, we performed a Dual-Luciferase Reporter 
Assays using constructs encoding luciferase ORF followed 
by 3’UTRs of  corresponding candidate target mRNAs, 
together with a construct encoding PUMILIO2 ORF. 
We found that PUMILIO2 significantly repressed SIAH1 
and SPINDLIN3 mRNAs, while the effect on TSC22D1 
mRNA was clearly the opposite. Moreover, repression of  
SIAH1 and SPIN3 mRNAs was abolished upon removal 
of  AUUGUA and GUUGU motifs, indicating that this 
effect was 3’UTR-dependant. Third, using similar lucif-
erase constructs and human PUMILIO2 PUF-domain 
purified from bacteria, we demonstrated that PUMILIO2 
almost completely repressed translation of  SIAH1 and  
SPINDLIN3 mRNAs, as tested by in vitro reticulocyte 
translation system. Further studies are underway to check 
whether regulation observed in transfected cells reflects 
events occurring in the human germ cells.
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Introduction: Chronic kidney disease is a disorder, which 
causes metabolic abnormalities and end stage renal disease 
requiring dialysotherapy, among others peritoneal dialysis. 
Eicosanoids are active metabolites of  arachidonic acid, 
which are involved in maintaining a homeostasis and the 
development of  damages in the kidney. The production of  
eicosanoids is altered in patients on dialysis.
Aim: The aim of  this study was a quantitative analysis 
of  bioactive lipids — TXB2, 20-HETE, 8-epi-PGF2α, 
5-HETE, 12-HETE, 15-HETE in patients on peritoneal 
dialysis compared to patients undergoing hemodialysis and 
the replacement therapy.
Materials and methods: The study included 145 patients 
with CKD: in predialysis state (n=68), on peritoneal dialysis 
(n=23) and hemodialyzed (n=54). The concentrations of  
TXB2, 20-HETE, 8-epi-PGF2αin the platelet-poor-plasma 
were determined using the ELISA method and 5-HETE, 
12-HETE, 15-HETE were measured using the RP-HPLC. 
The concentrations of  biochemical parameters in serum 
were determined of  colorimetric methods. Obtained re-
sults were statistically analysed using STATISTICA PL 
v.10.1.
Results: A mean concentrations of  total proteins, albumin, 
glucose, total cholesterol, HDL cholesterol, triglycerides, 
12-HETE and 20-HETE in patients on peritoneal dialysis 
were significantly different from patients undergoing he-
modialysis and the replacement therapy. The mean con-
centration of  TXB2 in patients on peritoneal dialysis were 
significantly different from patients undergoing hemodi-
alysis. The mean concentration of  5-HETE, 15-HETE i 
8-iPF2a-III  in patients on peritoneal dialysis were not sig-
nificantly different from patients undergoing hemodialysis 
the replacement therapy.
Conclusions: Peritoneal dialysis causes: 1. Characteristic 
quantitative alterations of  arachidonic acid metabolites that 
are significantly different from during replacement therapy 
and hemodialysis. 2. Alterations in the proteins metabo-
lism. 3. Significantly higher changes of  carbohydrate and 
lipid metabolism than in the patients in predialysis state and 
hemodialysed.



64 Session 2. Genomics, Proteomics, Metabolomics — Medical and  Environmental Implications

47th Congress of the Polish Biochemical Society, 2012

P2.68

Investigation of the kinetics of CK2-
catalyzed phosphorylation reaction by 
means of quartz crystal microbalance 
with dissipation monitoring (QCM-D)
Elżbieta Senkara-Barwijuk, Joanna Cieśla

Warsaw University of Technology, Faculty of Chemistry, Institute of 
Biotechnology, Warsaw, Poland
e-mail: Elżbieta Senkara-Barwijuk <elasenkara@tlen.pl>

In this study protein kinase CK2 (formerly known as casein 
kinase II) has been chosen as a substrate model for inves-
tigating the kinetics of  phosphorylation process. CK2 is a 
highly conserved molecule present in every eukaryotic cell 
and plays a key role in controlling nearly all cellular func-
tions. Deregulation of  signaling, associated with an elevat-
ed CK2 activity, is frequently implicated in diverse types 
of  disease processes including cancer. Therefore, CK2 is 
emerging as a valuable target for cancer therapy.
Protein kinase CK2 is an ubiquitous, highly pleiotropic and 
constitutively active kinase that phosphorylates mainly ser-
ine/threonine residues. Although, there are over 500 dif-
ferent human kinases known, even up to 20% of  the phos-
phorylated residues are modified by CK2 (Frączyk, 2009), 
which catalyzes the phosphorylation of  over 300 substrates 
(Frączyk et al., 2010). Recent studies have shown, that CK2 
plays a key role in many cellular processes including cell 
viability, gene expression, protection from apoptosis, and 
tumorogenesis (Świder et al., 2011). Moreover, it has been 
proposed that CK2 plays also a crucial role in the trans-
duction of  survival signals that protect cells against stress 
events. (Battistutta, 2009). CK2 is present in every eukary-
otic cell, localized in both the cytoplasm and the nucleus.
We have developed a novel assay for studying protein-pro-
tein interactions using protein kinase CK2 as a model sub-
strate. Protein phosphorylation mechanism, kinetics, and 
CK2 activity were investigated by means of  quartz crys-
tal microbalance with dissipation monitoring (QCM-D). 
QCM-D enables ultra-sensitive analysis of  intermolecular 
binding without the need of  radioactive labeling. There-
fore, based on the fact, that QCM-D permits a real-time 
monitoring of  the energy fluctuation, an overall quantita-
tive and qualitative analysis of  the investigated processes 
has been achieved. This technique will be  further assessed 
for screening potential drug targets i.e. CK2 inhibitors 
which could greatly simplify the screening process for ac-
tive agents and can lead to identifying novel potent inhibi-
tors without the need of  using dangerous radioisotopes.
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Autism is a complex developmental deficiency typically 
manifested in the first three years of  life, resulting from 
some neurological disorders that influence the develop-
ment of  social interactions and communicative abilities. 
The aetiology of  that condition has not yet been identified. 
Some epidemiological research indicates that currently au-
tism makes one of  the most frequent disabilities in children 
and that phenomenon keeps increasing. In the eighties of  
the 20th century, a hypothesis was proposed that autism 
may develop secondarily as a result of  an excessive opi-
oid peptides supply in a diet. That hypothesis was partially 
confirmed by the research in the role of  the endogenous 
opioid system in the development the nervous system in 
autistic patients. Those are casein and gluten that are indi-
cated most often in alimentary sources of  opioid peptides. 
Faced with no effective therapy of  autism, a diet low in 
those proteins is suggested as one of  methods to ease the 
results of  that condition. However, no wide-scope research 
as well as the ambiguity of  results obtained by different 
research centres still make such an action be moderately 
accepted by the specialists.
The aim of  this research was to indentify and to evaluate 
quantitatively the content of  BCM-7b in the blood serum 
and urine of  autistic children as well as to asses the DPP4 
activity in those patients’ blood.
The researched group was made of  42 autistic patients aged 
2 to 6 years. The control group consisted of  10 children of  
similar age, with no metabolic disorders, no neurological 
conditions, not manifesting any symptoms of  allergies and 
not in the course of  an antibiotic therapy. The enzyme ac-
tivity in the blood serum was identified with the modified 
Hino method. The identification and quantitative evalua-
tion of  the opioid peptide was performed with the ELISA 
method using antibodies from the own collection.
The presence of  BCM-7b has been stated in the blood 
sera of  almost all the healthy and autistic children, in the 
urine, however, that peptide has been identified only in the 
ill children (55% of  the cases). An average blood serum 
content of  the peptide in the researched group has been 
significantly higher than in the control group (p 0.05) and 
nearly tenfold higher than the amount of  the peptide iden-
tified in the urine of  the ill ones. The identified activity of  
the BCM-7b substrate specific enzyme, similarly as in the 
case of  the peptide, has also been significantly higher in the 
blood of  autistic children than in the blood of  the healthy 
ones (p 0.7). The obtaied results indicate that in some cas-
es there is probability that exogenous opioid peptides may 
play a role in the development of  autism.
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Homocysteine (Hcy) is an intermediate metabolite that 
arises from the metabolism of  the essential dietary pro-
tein amino acid methionine (Met). Hcy levels are regulated 
by remethylation to Met, catalyzed by Met synthase (with 
methyltetrahydrofolate cofactor provided by the MTHFR 
enzyme) and betaine-Hcy methyltransferase, as well as by 
transsulfuration to cysteine, the first step of  which is cata-
lyzed by cystathionine β-synthase (CBS). Severe hyperho-
mocysteinemia observed in CBS deficiency is associated 
with mental retardation, ectopia lentis, osteoporosis, and 
vascular complications (thromboembolism), which are the 
major cause of  morbidity and mortality in CBS-deficient 
patients.
The underlying mechanism by which Hcy exerts its toxic 
effects remains unexplained, however some hypotheses 
have been described. It has been shown that Hcy produces 
reactive species and that auto-oxidation of  Hcy and other 
disulphides releases superoxide anion and hydrogen  perox-
ide. Wyse et al. previously showed that Hcy induces oxida-
tive stress in the brain of  rats. In this context we have inves-
tigated whether homocystinuria in CBS-deficient mouse, 
which causes tissue accumulation of  homocysteine, im-
pacts on protein oxidative damage in particular organs of  
these mice. In our preliminary results we observe enhanced 
protein oxidative damage in liver and kidney proteins ex-
tracts, in contrast to brain proteins of  CBS-deficient mice. 
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The ABC transporters are present and operate not only at 
the plasma membrane but can also be found in membrane-
containing organelles such as endoplasmic reticulum, the 
Golgi apparatus, endosomes and other intracellular vesi-
cles. It follows that apart of  active removal of  drugs by 
ABC transporters localized on the plasma membrane, there 
is also a possibility of  accumulation of  cationic drugs in-
side different membrane compartments that leads to low-
ering cytoplasmic/nuclear drug concentrations. This can 
enhance the multidrug resistance phenotype of  tumor cells 
as drugs accumulated in these vesicles can be then removed 
from cells after their fusion with the plasma membrane.
In this study, we wanted to clarify whether modulation of  
intracellular trafficking of  membrane vesicles with agents 
targeting the cytoskeleton filaments may provide a viable 
strategy for overcoming multidrug resistance of  tumor 
cells. We applied a well-described cellular model of  acute 
myeloid leukemia HL-50 cells and its MDR subline HL-60/
Vinc cells which overexpress ABCB1 membrane pump and 
a fluorescent drug imidazoacridone C-1311 and its analogs. 
We show here that intracellular accumulation of  C-1311 
was decreased in HL60/Vinc cells by about 5-fold com-
pared to parental cells. This was associated with much low-
er sensitivity of  the MDR cells to C-1311 by about 12-fold. 
Fluorescence microscopy analysis with different organelle 
probes evidenced that the studied drug localizes in acidic 
vesicles, including lysosomes and the trans-Golgi network. 
Incubation of  HL-60/Vinc cells with valspodar, a clinical 
inhibitor of  ABCB1 activity, led to both increased total ac-
cumulation of  C-1311, changed intracellular drug distribu-
tion and its increased cytotoxicity. Interestingly, exposure 
of  HL-60/Vinc cells to nocodazole, a well-known inhibitor 
of  tubulin polymerization, also increased both total intra-
cellular accumulation of  C-1311 and its cytotoxicity toward 
these cells.
Together, we confirmed that in addition to ABCB1 activ-
ity at the plasma membrane, MDR cells have an additional 
drug resistance mechanism associated with drug accumula-
tion in acidic vesicles and their excretion outside the cell 
in the process that involves the cytoskeleton fibers. Modu-
lation of  intracellular trafficking of  acidic vesicles by in-
terfering with the integrity of  microtubules and probably 
other cytoskeleton filaments may provide a new strategy 
for sensitizing of  the MDR cells to antitumor drugs.
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Despite a lot of  information exists about interaction be-
tween ethanol and pool of  free amino acids, сomparison 
of  its effects in various stages of  alcohol addiction remain 
unstudied.
We examined the influence of  subchronic alcohol intoxica-
tion (SAI) on the content of  free amino acids (AAs) and 
related compounds in blood plasma of  rats in different 
terms of  SAI (14 and 28 days). The levels of  the com-
pounds of  interest were assayed using HPLC with fluores-
cence detection after derivatization with o-phtalic aldehyde 
and FMOC-chloride.
SAI lasting 14 days (14 ml/kg of  ethanol as 25% water 
solution twice a day) was found to boost the levels of  glu-
tamate, glutamine, alanine, tryptophan and proline. Despite 
of  unidirectionality of  these changes, the total content of  
proteinogenic AAs didn't change. At the same time we ob-
served the reduction of  essential AAs portion in total AAs 
pool and decrease of  phenylalanine to tyrosine ratio.
In the group of  rats undergoing SAI lasting 28 days we didn’t 
find disturbaces in glutamate and glutamine levels, while 
concentrations of  alanine and proline (comparing to con-
trol) and tryptophan (comparing to both control and SAI 
lasting 14 days) remained elevated. Besides these changes 
we observed the rise of  beta-alanine and decrease of  alpha-
aminobutiric acid (aABA) levels. Amino acids indices (sum 
of  proteinogenic AAs, portion of  essential AAs in total AAs 
pool) remained unchanged compared to SAI lasting 14 days.
Most significant variables in this model was tryptophan, 
isoleucine, aABA and alanine (F>5) meaning that levels 
of  these amino acids specifically determine the differences 
between experimental groups. Rest of  the variables didn’t 
contribute in residual variance.
The scatterplot of  canonical scores on the plane of  two dis-
criminant functions (roots) enabled us to define the nature 
and expression of  AAs disbalance induced by SAI more 
precisely. Analysis of  the plot revealed that profoundness 
of  AAs disbalance in blood plasma elevated with the term 
of  alcoholisation (squared Mahalanobis distance=39.7 for 
SAI lasting 14 days and 65.7 for SAI lasting 28 days). Shift 
of  SAI relative to control group occured mostly along 
the first root, while shift of  SAI with both terms studied 
- along the second root. Structure of  1st root which ex-
plain more than 84% of  variance was determined by levels 
of  isoleucine, tryptophan and taurine, whose metabolism 
might be responsible for the disturbances in AAs pool ob-
served in group of  SAI lasting 14 days. Structure of  2nd 
root was mainly affected by the levels of  aABA and threo-
nine, which might be responsible for the disturbances in 
AAs pool developed from 14 to 28 day of  SAI. However, 
since the 2nd root explained less than 15% of  total vari-
ance, the imbalance developed from 14 to 28 day must not 
be considered as equal in profoundness to those developed 
in first 14 days of  SAI.
The work presented provide evidence of  presence of  
time-correlated effects of  short-term alcoholisation on 
the blood plasma free amino acids levels, which included 
amino acids imbalance developed mosltly in the first 14 
days and changes in the levels of  tryptophan, alanine, beta-
alanine, alpha-aminobutirate and reduction of  the portion 
of  essential amino acids in total amino acids pool.
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Dysfunction of  endothelium is a key factor underlying 
many vascular pathologies. Invasive surgical procedures, 
such as angioplasty or peripheral vascular by-pass graft-
ing, result in mechanical damage of  the arterial wall, which 
initiates numerous cellular and molecular mechanisms. Dis-
turbed vessel wall homeostasis leads to proliferation and 
migration of  smooth muscle cells, which often exceeds the 
repair process and results in extensive neointima forma-
tion and arterial stenosis. The matrix metalloproteinases 
(MMPs) represent a large family of  proteolytic enzymes 
that play key roles in extracellular matrix remodeling, cell 
proliferation, angiogenesis and vasculogenesis. The mem-
brane type matrix metalloproteinases (MT-MMPs) consti-
tute a distinctive group of  membrane-bound MMPs that 
are central mediators of  surface proteolytic events that 
regulate above processes. As membrane-tethered proteases, 
the MT-MMPs exhibit unique regulatory mechanisms and 
interactions with metalloproteinase inhibitors and other 
relevant molecules. The aim of  the study was to evaluate 
expression and activity of  MT-MMP-2, MT-MMP-3 and 
MT-MMP-5 in the neointima, when compared to normal 
aortas. The studied material consisted of  12 neointima 
samples that were obtained from patients with chronic limb 
ischaemia in the age range 45–60 years, after aortal-femoral 
by-pass reconstructions. The tissue samples were collected 
from distal anastomoses during secondary operations per-
formed due to graft occlusion 6 to 24 months after primary 
procedure. Normal aortas without macroscopically visible 
lesions that were harvested from age-matched organ do-
nors were the control material. Expression of  MT-MMP-2, 
MT-MMP-3 and MT-MMP-5 were evaluated with Western 
blot method. Activities were measured by the fluorometric 
assay. We have observed that artery injury followed by ne-
ointima formation shows increase in expression and change 
in activity of  MT-MMP-2, MT-MMP-3 and MT-MMP-5. It 
suggests that MT-MMPs are one of  the key agents involved 
in neointima formation. The overexpressed MT-MMPs in 
the neointima influences many proteins including these in-
volved in cell proliferation, extracellular matrix metabolism 
and artery wall remodeling.
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Apolipophorin III (apoLp-III), an insect homolog of  hu-
man apolipoprotein E (apoE), plays important role in dif-
ferent steps of  immune response in insects. In the greater 
wax moth Galleria mellonella (Lepidoptera: Pyralidae) it binds 
components of  bacterial and fungal cell walls, e.g. lipopoly-
saccharides, lipoteichoic acids and β-1,3-glucan, indicating 
being engaged in pathogen recognition and in detoxifica-
tion of  microbial cell wall components. Moreover, it exhib-
its antibacterial activity in vitro against Salmonella typhimu-
rium, Klebsiella pneumoniae, Bacillus circulans. Upon bacterial 
challenge, apoLp-III interacts with lipids and is bound to 
lipophorin particles forming low density lipophorins taken 
up by hemocytes (insect blood cells), which suggests func-
tioning of  apoLp-III as a signaling molecule informing the 
insect immune system about danger.
Immunoblotting performed with anti-apoLp-III antibodies 
after IEF/SDS-PAGE of  purified G. mellonella apoLp-III 
as well as hemolymph of  E. coli-challenged larvae revealed 
three forms of  the protein differing in isoelectric point 
(pI=5.9, pI=6.1 and pI=6.5). Due to the fact that apoLp-
III is considered to be a signaling molecule in hemolymph 
and, as it was demonstrated by us previously, that G. mel-
lonella immune system can recognize infection with distinct 
classes of  microorganisms and can respond accordingly 
presenting certain level of  specificity, we were interested 
if  the detected apoLp-III isoforms are involved in recogni-
tion of  different pathogens.
We tested the pattern of  the apoLp-III isoforms in hemo-
lymph of  G. mellonella larvae immunized with microorgan-
isms representing Gram-negative bacteria (Escherichia coli), 
Gram-positive bacteria (Micrococcus luteus), yeasts (Candida 
albicans) and filamentous fungi (Fusarium oxysporum). In the 
hemolymph of  naive larvae two main isoforms of  pI=6.5 
and pI=6.1 were detected. After immune challenge addi-
tional four apoLp-III isoforms differing in pI and molecu-
lar mass were detected. The pattern as well as time of  their 
appearance and duration in hemolymph were dependent 
on the immunogene used. It was found that binding of  
individual apoLp-III isoforms to a cell surface of  differ-
ent bacteria and fungi also depended on the immunogene. 
Our results suggest involvement of  apoLp-III isoforms in 
discrimination between different pathogens by G. mellonella 
immune system.
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Gene therapy is a new method based on an assumption 
that genes can also be used to treat. From a point of  view 
of  classic pharmacotherapy genes should be treated as ac-
tive substances that condition the biological activity of  a 
medicinal product that is used. In the case of  genes en-
coding factors that induce the formation of  blood vessels 
(“angiogenic genes”) a gene therapy product exerts an-
giogenic properties — and after having been introduced 
into appropriate cells it stimulates processes leading to the 
formation of  new blood vessels. In this work the authors 
conducted a series of  experiments aimed to select a group 
of  vehicles, ointment ingredients that could be useful in the 
formulation of  systems of  gene therapy ointments, the sys-
tems that could introduce genes into the skin of  laboratory 
animals. Experiments were conducted mainly on a reporter 
plasmid product pLacZ and selected proangiogenic prod-
ucts. Appropriate ointment formulas were prepared for 
experiments, and they were applied on the skin of  labora-
tory mice; after pre-determined time (3–30 days) mice were 
sacrificed, transfected skin specimens were collected and 
the presence of  a pDNA sequence in samples was analysed 
with qPCR (assessment of  the number of  vector copies) 
and biochemical analyses. Based on the experiments con-
ducted it was observed that there are sequences of  pDNA 
applied in the skin of  animals exposed to ointment formu-
las. Selected vehicles make it possible to introduce pDNA 
into skin cells; however, the in vivo transfection capacity is 
not high. Based on estimations 10–30% of  pDNA mol-
ecules applied in ointment pass into the animal skin cells. 
Moreover, it has been observed, based on the mean value 
calculated using a β-Gal biochemical test, that significant 
activity of  the β-gal reporter gene is visible in experiments 
where ointment that was applied on mouse skin was pre-
pared earlier (4 days prior to application), and in addition, 
that the expression of  the β-gal reporter gene in analysed 
and tested skin specimens is higher when depilation with 
anaesthesia is used instead of  depilation without anaes-
thesia. Experiments also indicate that plasmid products 
that were used, such as pVEGF, pSHH, pSDF stimulate 
angiogenesis in animal skin and proangiogenic properties 
depend on a plasmid dose which is used, and the proan-
giogenic product pSHH stimulates hair growth in studied 
animals.
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Apolipophorin-III (apoLp-III), an insect homolog of  hu-
man apolipoprotein E (apoE), is an important component 
of  insect hemolymph. This multifunctional protein is in-
volved in lipid transport and immune response in insects. 
It plays a role of  a PRR (with pathogen binding specifities). 
The binding of  pathogen associated molecular pattern 
is followed by cellular and humoral response activation, 
where apoLp-III has documented contribution.
We have examined changes in the level of  apoLp-III after 
immunization of  the greater wax moth Galleria mellonella 
larvae with bacteria E. coli and M. luteus, fungi C. albicans and 
F. oxysporum using native and denaturating electrophoresis, 
as well as immunoblotting with anti-apoLp-III antibodies.
According to our research, the level of  apoLp-III in insect 
hemolymph, hemocytes and fat bodies was changing de-
pending on the time after immunization and the pathogen 
used. The level of  apoLp-III increased in hemocytes and 
hemolymph after 15 and 60 min in E. coli-challenged larvae, 
whereas a decrease of  apoLp-III level was observed in the 
fat body. Similar results were observed in M. luteus-chal-
lenged larvea, except the level of  apoLp-III in the hemo-
cytes which decreased after immunization.
The level of  apoLp-III in the hemolymph of  C. albicans 
treated larvae was not significantly altered after immuniza-
tion. In the hemocytes the amount of  apoLp-III decreased 
shortly after immunization and then increased, opposite to 
the fat body, where primary increase was followed by de-
cline of  apoLp-III, which was still observed after 24 h.
Treatment of  larvae with F. oxysporum led to increase in 
apoLp-III level in the hemolymph and hemocytes, oppo-
site to the level in fat body.
In the non-denaturating electrophoresis immunoblots of  
challenged larvae hemolymph additional protein band ap-
peared. This band was stronger both 15 and 60 min after 
immunization, suggesting that during immune response 
apoLp-III forms complexes with some molecules.
All of  these results suggest that type of  pathogen and ex-
position time on it, affect distribution of  apoLp-III in in-
sect body.
Because of  the fact that there are significant similarities 
between the role of  mammalian apolipoproteins and in-
sect apolipophorins in innate immune response, we hope 
our results obtained on the insect model will contribute to 
broadening the knowledge about functioning of  apoE in 
mammalian immunity.
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Nuclear magnetic resonance is used as a physical back-
ground for magnetic resonance spectroscopy (MRS) and 
magnetic resonance imaging (MRI). Both methods are cur-
rently useful in medicine to investigate a number of  hu-
man's diseases including cancer in brain, breast and prostate. 
While MRI can give specific knowledge about localization 
of  investigated tissue, MRS on the other hand gives scien-
tists biochemical information about researched tissues and 
tells how aggresive tumour can be. Signal detected in MRS 
is exposed to radio frequency pulse and transformed into 
a spectrum. Several impovements are necessary in order to 
use results of  MRS as diagnostic tool. Few limitations of  
measurement such as low concentration of  metabolites and 
limited time of  observation can cause low signal to noise 
coefficient. However, after measurement methods called 
pre-processing techniques are used for enhancement. One 
of  the pre-processing technique depends on noise which is 
present after measurement. Currently there are many meth-
ods which lead to filter signal including implementation of  
time domain filters or basing on correctly identified model, 
namely Cadzow method. Presentation consists of  descrip-
tion of  filtering methods and comparison of  results.
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Nucleocapsid proteins (NC) are crucial for the HIV 
genomic RNA dimerization, packaging and reverse tran-
scription, making these proteins new targets for the antiret-
roviral therapy. However, such an approach has not yet 
been exploited because of  the lack of  sufficient knowledge 
concerning both specific and nonspecific interactions of  
NC with viral RNA. Released from Gag, during viron mat-
uration, nucleocapsid proteins (NC) are small basic pro-
teins that possess two copies of  highly conserved CCHC 
zinc fingers. The NC functions in HIV replication are cor-
related with their ability to act as nucleic acids chaperones 
(NAC). In contrast to NCp7 protein (HIV-1), the NAC ac-
tivity of  NCp8 (HIV-2) is poorly known.
We examined the ability of  recombinant NCp8 protein 
and chemically synthesised NCp8 peptide to chaperone the 
annealing of  DNA with complementary strand as well as 
DNA and RNA strand exchange in duplex nucleic acids 
structures in vitro. Furthermore, we investigated whether 
NCp8 is capable of  enhancing ribozyme-directed cleavage 
of  an RNA substrate in vitro. We found that NCp8 possess-
es nucleic acids chaperone activity, similar to but somewhat 
distinct from the chaperone properties of  NCp7 protein.
We also proposed new sites of  NCp8 binding within HIV-2 
leader RNA [1]. This region (560 nt) contains highly struc-
tured domains which play various regulatory roles in the 
viral replication. We showed that both SL-1 and TAR as 
isolated domains are bound by recombinant HIV-2 NC 
protein (NCp8) with high affinity, contrary to the hairpins 
downstream of  SL1. The relatively tight binding of  NCp8 
to the TAR domain is especially interesting in view of  data 
indicating the involvement of  the SL-1 and TAR hairpin 
III in the formation the HIV-2 leader RNA loose dimer [1].
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Avidin is the fatty-acid binding protein that belongs to the 
calycin protein structural superfamily as well as to the  the  
lipocalins [1]. Avidin is the object of  various biochemical 
investigations because of  its unique binding properties 
with biotin (vitamin H) that is one of  the strongest interac-
tion in nature. Homotetramer of  avidin binds up to four 
molecules of  vitamin H in non-covalent interaction with 
high affinity (Kd≈10-13–10-15 M). The avidin — biotin in-
teraction is several orders of  magnitude higher than in the 
typical antigen — antibody complexes [2-3]. Nowadays, 
due to the high biotin affinity to avidin, such complex is 
commonly used in numerous laboratory techniques includ-
ing immunoprecipitation, Western blotting, affinity puri-
fication, enzyme linked immunosorbent assay (ELISA), 
fluorescence-activated cell sorting (FACS).
The aim of  the study is to solve the structure of  avidin, 
the protein from Hen egg white, in the form of  complexes 
with the biotin derivatives obtained by chemical modifica-
tion [4]. These compounds significantly exhibit valuable 
therapeutically properties that may open new avenues in 
the treatment of  diseases like malaria and cancer.
Structural analysis of  avidin complexes with the biotin de-
rivatives will provide information about the protein-ligand 
interaction showing the differences in their affinity to the 
protein. These findings might be important in the applica-
tion of  these complexes in the technology based on the 
present structure. The biotin derivatives have different af-
finity to avidin, what allows wide use of  their complexes 
for protein and nucleic acid detection, protein isolation and 
enrichment. The specific properties of  ligands and their in-
teractions with protein may be useful in biochemical, medi-
cal and nanotechnological applications.
References
1. Flower DR (1996) Biochem J 318: 1–14.
2. Green NM (1975) Adv Prot Chem 29: 85-133.
3. Green NM (1970) Methods Enzymol 18A: 418-424.
4. Plazuk D, Zakrzewski J, Salmain M (2011) Org Biomol Chem 9: 408-417.



70 Session 2. Genomics, Proteomics, Metabolomics — Medical and  Environmental Implications

47th Congress of the Polish Biochemical Society, 2012

P2.80

Tandem mass spectrometry analysis 
of small molecular nucleotides 
and their synthetic analogs
Dominika Strzelecka, Jacek Jemielity, Joanna Kowalska

Division of Biophysics, Institute of Experimental Physics, Faculty of 
Physics, University of Warsaw, Warsaw, Poland
e-mail: Dominika Strzelecka <asia@biogeo.uw.edu.pl>

Molecules and macromolecules such as nucleotides and 
their synthetic analogs play an important role in many bi-
ochemical and biophysical processes in living organisms. 
Due to that their identification and structural analysis have 
become crucial factors in biochemical analyses. A useful 
instrument to achieve this goal is mass spectrometry and 
especially tandem mass spectrometry, which enables the 
fragmentation of  low molecular weight substances. We 
studied the fragmentation of  wild-type small molecular nu-
cleotides and their synthetic analogs by means of  tandem 
mass spectrometry using electrospray ionisation. We tried 
to interpret the spectra in respect of  the compounds struc-
ture, paying particular attention to the modifications of  the 
oligophosphate bridge and the ribose moiety. We proposed 
the probable fragmentation paths for the compounds test-
ed. The results obtained can be a starting point for further 
research concerning the analysis of  drug metabolites, the 
identification of  modified nucleotides in living organisms, 
the quantitative analysis of  selected nucleotides and their 
derivatives as well as may be employed in bioorganic chem-
istry for the fast and low material consuming identification 
of  synthetic products.
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The Cancer Genome Atlas (TCGA) project is a comprehen-
sive and coordinated effort to accelerate our understanding 
of  the molecular basis of  cancer through the application of  
genome analysis technologies. The National Cancer Institute 
(NCI) and the National Human Genome Research Institute 
(NHGRI) launched TCGA as a 3-year pilot project in 2006, 
and have since beginning of  2010 initiated the second phase 
of  the project to study at least 20 additional cancers over 5 
years. This project aims to systematically explore the entire 
spectrum of  genomic changes involved in human cancer. 
Specifically, the project is designed to comprehensively ana-
lyze DNA copy number changes, including large and small 
scale rearrangements, transcription profiles, epigenetic modi-
fications, sequence variation, and sequence in both tumor tis-
sue and case‐matched germline DNA. The suite of  analy-
sis platforms will be applied to a common set of  molecular 
analyzes obtained from clinically annotated high-quality tumor 
biospecimens and case‐matched normal tissue. The results 
of  the molecular profiling will be correlated with patients’ 
outcomes for identification of  novel predictive biomarkers 
for current and future personalized therapies. In May 2010 
The Greater Poland Cancer Center (GPCC) become a part of  
TCGA network as a TSS (Tissue Source SIte) as the only one 
in the Eastern Europe. The GPCC was established in 1953 is 
one of  the largest comprehensive cancer centers in Poland. 
The GPCC provides services in all aspects of  cancer treat-
ment. Through the integrated effort of  surgeons and patholo-
gist a prospective collection of  tumor samples from breast, 
stomach, colon, head&neck cancers and melanoma has been 
initiated. Up to the date over 250 high-quality tumor samples 
and matching normal tissue have beed collected along with pa-
thology and clinical annotations. 166 samples (almost 90% of  
contracted samples) have been already sent to TCGA’s centers 
and are currently being subjected to molecular profiling and 
bioinformatic analysis. Future efforts included comprehensive 
proteomic analysis that performed in collaboration with The 
Institute for Applied Cancer Science at The University of  Tex-
as MD Anderson Cancer Center in Houston, USA. System 
biology tools will be used to integrate genomic data obtained 
from TCGA with the proteomic analysis to understand cau-
salities in between changes in DNA, transcriptome and signal 
transduction pathways as well as identify novel drug targets 
and predictive biomarkers thus paving the way for novel per-
sonalized therapies for cancer.
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Background: MicroRNAs are short (21-23 nucleotides), 
non-coding ribonucleic acid molecules. Due to high organ-
specificity they can be used as a non-protein biomarkers for 
numerous diseases. One of  the potential applications of  
microRNA is an early detection of  cardiac damage. Treat-
ment with doxorubicin — cytostatic with a strong cardi-
otoxic side effect – seems to be a good example of  that 
application. Monitoring the plasma level of  microRNA in 
patients treated with doxorubicin, can result in more effec-
tive therapy and earlier detection of  both acute and chronic 
cardiotoxicity.
Aim: To evaluate the use of  cardiospecific microRNAs 
(miRNA-208  miRNA-499, miRNA-1, miRNA-133) for 
chemotherapy induced cardiac damage detection.
Materials and Methods: Balb/c mice received a single 
intraperitoneal injection of  doxorubicin (20 mg/kg body 
weight). After 24 h and 96 h blood and hearts were har-
vested and the level of  microRNAs was measured using 
real-time PCR technique. Furthermore the expression of  
proapoptopic protein (caspase 9) was measured with west-
ern blotting.
Results and Conclusions: For each of  the cardiospecific 
microRNA molecule, a several fold increase in concentra-
tion was observed, compared to controls not receiving dox-
orubicin. The same test made four days after the doxoru-
bicin injection, showed reduced plasma levels of  examined 
molecules. Analysis of  the caspase-9 expression in myocar-
dium showed a noticeable increase, revealing the ongoing 
cardiomyocytes apoptosis. The obtained results show the 
potential usefulness of  cardiospecific microRNAs in the 
monitoring of  doxorubicin therapy.
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Abnormally elevated concentration of  homocysteine (Hcy) 
over 15 µmol/L, termed hyperhomocysteinemia, has been 
recognised as a risk factor for number of  human pathologies 
including cardiovascular and neurodegenerative diseases. Hcy 
is formed from dietary methionine. In addition to its metabo-
lism via transsulfuration and transmethylation pathways, Hcy 
is metabolized to Hcy-thiolactone (HTL)[1]. HTL is chemi-
cally reactive and modifies protein lysine residues in a process 
called N-homocysteinylation, which affects protein structure 
and function [2], causes cellular toxicity, elicits an autoimmune 
response, and generates pro-thrombotic N-Hcy-fibrinogen 
[3]. Two enzymes are known to protect against protein N-
homocysteinylation: extracellular Hcy-thiolactonase/par-
aoxonase1 (Pon1)[4] and intracellular Hcy-thiolactonase/
bleomycin hydrolase (Blmh)[5]. To identify molecular bases 
underlying pathology of  hyperhomocysteinemia, we studied 
changes in cellular proteome caused by protein N-homocyst-
einylation using HUVECs and Blmh, Pon1 mouse models.
To induce protein N-homocysteinylation, HUVECs were 
treated with Hcy and HTL. We also examined how in vitro pre-
pared N-Hcy-FBS affects HUVECs proteome. Proteins 
were isolated directly from cells in rehydration solution. The 
changes in cellular proteome were examined by 2-dimen-
sional IEF/SDS-PAGE.We also induced protein N-homo-
cysteinylation by feeding a high methionine diet in wild type 
mice and Blmh and Pon1 knockouts, which are deficient in HTL 
hydrolysis. Liver and kidney proteins were extracted using the 
phenol method. Protein extracts were analyzed by 2-dimen-
sional IEF/SDS-PAGE. Differentially expresses proteins 
were excised from gels, trypsinized, and identified by MALDI-
TOF analysis.
In HUVECs treated with HTL, the expression of  several 
proteins was decreased (e.g. Anexins, Plastin3, HSP60), while 
the expression of  others increased (e.g. vimentin, UCHL1). 
When HUVECs were incubated with N-Hcy-protein there 
was a significant increase of  expression of  several proteins 
(e.g. A-glucosidase, dnaK-type molecular chaperone). In 
mouse liver we found 5 differentially expressed proteins. 
Glyoxalase domain-containing protein4 was found only in 
Blmh-/- mice. The expression of  apolipoprotein A precur-
sor and catechol-O-metylotransferase was decreased by the 
inactivation of  the Blmh gene:. Inactivation of  Pon1 in-
creased expression of  ferritin light chain1 and apolipopro-
tein A precursor. In all groups high-Met diet elevated expres-
sion level of  peroxiredoxin-2. In addition to these proteins, 
in mouse kindey we found that apolipoprotein A and apoli-
poprotein E are effected by hyperhomocysteinemia.
Identification of  proteins whose expression is affected by 
N-homocysteinylation points to specific biochemical pro-
cesses whose preturbation might contribute to the pathol-
ogy of  hyperhomocysteinemia.
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PNAs are DNA mimics in which the sugar-phosphate 
backbone of  DNA is replaced by an uncharged peptide-
like backbone. PNAs have a high affinity for complemen-
tary DNA and RNA sequences. They are highly resistant 
to degradation and show few interactions with proteins or 
other biomolecules. At the same time, PNAs exhibit no cy-
totoxicity. As RNA binding agents, PNAs bind with high 
stability to the target mRNA and physically block transla-
tion. As DNA binding agents, PNAs are highly resistant to 
displacement by helicases.
STAT1 has a crucial role in mediating the interplay between 
damaged vessels and host immunity to control vascular 
dysfunction mediated by interferon (IFN)-γ and Toll-like 
receptor (TLR)-directed cross-talk. By generating STAT1-
specific PNAs in combination with "damaged vessel" entry 
signals, a new treatment strategy of  atherosclerosis can be 
accomplished that could increase the clinical success of  the 
continuous fight with vascular diseases.
Therefore, a “modular” approach was applied, where a 
STAT1 mRNA recognizing PNA oligomer was conju-
gated to the cell-penetrating PTD-4-G peptide that medi-
ates cellular uptake and delivery. The PNA-target sequence 
covered a 13nt fragment around the STAT1 ATG starting 
codon (STAT1-PNA: CTACAGAGTCACC). As an a-spe-
cific control PNA we used the scrambled sequence (AC-
PNA: TATCTTGTACTGT).
Using capillary electrophoresis experiments we observed 
that STAT1-PNA was able to bind to STAT1 ssDNA and 
dsDNA oligo`s in a 1:1 molar ratio, whereas AC-PNA was 
not. Next, the uptake of  TAMRA-labeled peptides, PNAs, 
or PNA-peptide conjugates was studied by fluorescence 
microscopy in Human Microvascular Endothelial cells 
(HMEC). Indeed, the PNA-PTD4-TAMRA conjugates 
(8.3 µM) were readily taken up in HMEC within 2 hours and 
remained visible for over 48 hours. Similarly, co-addition 
of  PNA with PTD-4-G (in different molar ratio) resulted 
in rapid cellular uptake, with PNA+PTD-4-G in 1:4 molar 
ratio being optimal. The PNA and PNA conjugates were 
almost exclusively confined to vesicular compartments in 
the cytosol. Finally, the potency of  STAT1-PNA as com-
pared to AC-PNA to inhibit STAT1 protein synthesis and 
phosphorylation was measured in IFNγ-treated HMEC in 
vitro. Using different concentrations of  PNA-conjugates 
or PNA+PTD-4 molar ratio’s and different pre-incubation 
times before IFNγ stimulation, did not result in inhibition 
of  neither phosphorylated STAT1 nor total STAT1 by 
Western blot analysis.
In conclusion, a 13nt STAT1-PNA was able to bind STAT1 
DNA in vitro. Uptake in HMEC could be achieved either by 
conjugating to or by co-addition of  cell-penetrating PTD-
4-G peptide, but without resulting in inhibition of  STAT1 
activity. To overcome this, currently longer 18nt STAT1-
PNAs are synthesized and will be tested for STAT1 binding 
and inhibition in a similar way.
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Laccase (EC 1.10.3.2) belongs to the family of  blue multi-
copper oxidases which catalyzes the oxidation of  aromatic 
phenols and amines (polyphenols, methoxy substituted 
phenols, diamines, and many others). The active site of  this 
proteins contain four copper ions which participate in the 
oxidation reaction coupled to the reduction of  dioxygen 
to the water. Additional advantage is that no cofactors are 
required in the reaction and no toxic peroxide intermedi-
ates are formed. Interestingly, ability of  these enzymes are 
very promising for industry and therefore they could be 
applied in detoxification of  industrial effluents, bioreme-
diation, petrochemical industry, food industry, synthesis of  
biopolymers,  nanobiotechnology and also in production 
of  anti-cancer drugs or cosmetics [1]. Multicopper oxidases 
are widely distributed in nature and occur in plants, fun-
gi, especially in white-rot fungi and have also been found 
in insects and bacteria. Laccases of  fungal origin are the 
most known and characterized among other laccases, but 
their large-scale production is limited. New methods of  
fermentation or modification of  medium can partly solve 
this problem. Well cost-effective approach is heterologous 
overexpression, which was successfully employed in ex-
pression of  laccase from the filamentous fungi Aspergillus 
niger, Aspergillus oryzae, and Trichoderma reesei. For improving 
the catalytic ability of  enzyme site-directed mutagenesis has 
been used. However, heterologous expression of  fungal 
laccases require posttranslational modifications (glycosyla-
tion) what is more demanding. Overexpression of  bacterial 
protein is simpler to conduct  and control. The activity of  
bacterial laccase is very different from fungal and enzymes 
show higher thermal and alkaline stability, that make them 
more desirable for industry. A tremendous interest in these 
enzymes, resulting in numerous studies, suggest that soil 
is a good source of  laccases,  particular the soil from for-
est. Soil is regarded as one of  the most complex and the 
least known of   biological environments. A high diversity 
of  bacterial laccase genes was discovered in different type 
of  soils. However, much less than 1% of  known microbes 
have thus far been cultured and are therefore missing on 
the whole biological picture including a high number of  
laccases. Through activity-based functional screening of  
a metagenomic library from soil several new multicopper 
oxidase were discovered. Functional-based methods are 
commonly used for enzyme screening, but the probability 
of  identifying a desired gene depends mainly on the host–
vector system and its abundance in the metagenome. It is 
a great challenge to discover a novel enzyme by this ap-
proach thus the number of  clones showing a desired ac-
tivity is extremely low. The sequence-based screenings of  
a metagenome consists in the analysis of  sequence with 
known sequences of  desired enzymes that adversely affect 
identification of  novel genes and it is impossible to obtain 
a full-length gene [2].
In this study forest soil samples were used as a source of  
multicopper oxidases and the application of  DOP-PCR 
for screening of  laccase genes was evaluated. Originally, a 
variety of  soil samples were characterized towards laccase 
activity by spectrophotometric assay with ABTS (2,2'-azi-
no-bis(3-ethylbenzothiazoline-6-sulphonic acid)) as a sub-
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strate. All of  soil samples showed laccase activity and the 
optimum temperature was in the range of  20–30°C and 
the optimum pH was between 2.0–4.5. The highest activ-
ity with a wider range pH (2.0–6.5) showed a soil sample 
from deciduous forest. Analysis of  16S rRNA metagen-
omic DNA confirmed that prokaryotic and eukaryotic or-
ganisms are present in all investigated soils. Laccase genes 
were amplified with degenerate oligonucleotides primers 
(DOP-PCR). The primers are specific to highly conserved 
sequences in the active site, ie the binding sites of  copper 
ions. These domains are significant similarity in fungi and 
bacteria, although the sequences of  these groups of  organ-
isms are not highly homological. Therefore, the degenerate 
primers allow amplification of  most genes represented in 
metagenome [3].
Application of  DOP-PCR technique has allowed to receive 
two types of  laccase gene fragments with a length of  ap-
proximately 600 bp (2-domain laccase) and 1200 bp (3-do-
main laccase) in all the investigated soils. Two metagenomic 
libraries were established in the pGEM-T™ vector con-
taining fragments of  2-domain and 3-domain multicop-
per oxidases genes, respectively. Enzymatic activity and 
the application of  DOP-PCR indicated that the selected 
samples of  soil are a valuable source of  laccases. Nucleo-
tide sequence analysis indicated the enormous biodiversity 
of  multicopper oxidases in the investigated soil belong-
ing to the both known and unknown, uncultured micro-
organisms including in particular bacteria. The acquired 
knowledge combined with another methods, for  instance 
PCR-DGGE and metagenome walking, enable to receive a 
full-length sequence and heterologous overexpression of  
laccase useful in various industry branches.
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Germination is a complex process, highly dependent on 
various factors, including temperature, water content and 
others. Germinating seeds are especially sensitive to un-
favorable environmental conditions and their exposure to 
severe stress may result in considerably diminished of  the 
yield and — most importantly — restrained germination. 
Soybean is a crop of  multiple usage and hence unraveling 
mechanisms regulating its growth and development under 
stress conditions seems crucial for its future. Proteomic 
analysis of  protein profiles during germination in optimal 
conditions and under long-term stress should bring impor-
tant information regarding stress response in roots of  ger-
minating soybean seeds. The aim of  our study was to com-
pare expression profiles of  a number of  proteins showing 
differences in abundance between control samples and 
samples treated with cold stress, osmotic stress and cold 
stress combined with osmotic stress. Roots isolated from 
seeds germinating  in optimal conditions and stress condi-
tions were subjected to quantitative proteomics investiga-
tion based on two-dimensional electrophoresis and LC/
ESI mass spectrometry combined with ion-trap system for 
protein identification. In total, 1272 proteins were quanti-
fied on the gels. Applying p-value ≤0.01, 923 proteins were 
found to be differentially expressed under long-term cold 
stress, 956 proteins under long-term osmotic stress and 
869 proteins under long-term cold stress combined with 
osmotic stress. Of  all differentially expressed proteins, 59 
proteins present in all compared gels were excised from the 
2-D gels and identified by MS. Among the identified pro-
teins, 9 were involved in plant defense, 8 proteins were clas-
sified as responsible for protein destination and 10 proteins 
were involved in various tracks of  carbohydrate metabo-
lism. Furthermore, we identified 2 proteins involved in en-
ergy/electron transport,  4 proteins thought to be regulat-
ing various metabolic pathways, 2 proteins participating in 
secondary metabolism, 3 proteins taking part in process of  
protein synthesis, 14 proteins linked to development and 
embryogenesis, one protein taking part in signal transduc-
tion, 2 proteins related to cell transport, 2 storage proteins 
and 2 proteins belonging to the family of  trypsin inhibi-
tors. Analyzing differences in expression of  the identified 
proteins, it was possible to determine soybean response to 
long-term stress as well as to distinguish similarities and 
differences between soybean roots response to cold and 
osmotic stress conditions.
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Introduction: MicroRNAs are known players in tumo-
rigenesis of  follicular thyroid carcinomas (FTC). It is de-
scribed that microRNAs can block transcripts whereas 
others lead to its degradation. However to date their exact 
regulatory pathways are unknown. Taking advantage of  
large data collections of  expression arrays and microRNA 
deep sequencing data for the same samples we propose an 
analysis pipeline to identify important regulatory micro-
RNA-mRNA pairs that may influence cancerogenesis of  
FTC.
Aim of  the study: Find putative regulatory pathways or 
candidate mi/mRNAs in FTC that may influence tumor 
development.
Methods: Gene expression profiling was carried out in 17 
FTC samples analysed by HG-U133 Plus 2.0 oligonucleo-
tide microarrays (Affymetrix) and also deep sequencing 
for microRNAs using Illumina technology. Additionally 
20 paired samples of  FTC versus their surrounding tissue 
(ST(FTC)) were analyzed by Illumina microRNA arrays.
In silico analysis comprised:
1) Spearman correlation microRNA-mRNA of  17 FTC 
samples (filtering criteria: correlation coefficient higher 
than 0.75 or lower then –0.75)
2) Paired t-test for 20 paired FTC vs ST(FTC) samples — 
as a filtering criteria for the correlation results obtained in 
1) (t-test results threshold: raw p-value lower then 0.05 and 
fold change higher then 1.25)
3) Putative microRNA-mRNA regulatory pairs from previ-
ous filtering compared to microRNA target prediction da-
tabases: miRanda, miRDB, StarBase and miRWalk (filtering 
criterion: confirmed at least in one database)
Results: 6783 correlations passing criteria of  0.75 were 
found (p-value 0.001). Both positive ad negative correla-
tions were included in the study. Out of  858 microRNA 
probes from microRNA arrays only 22 have passed the 
p-value and fold change criteria for t-test described in 
methods. Only putative microRNA-mRNA pairs for 22  
microRNAs from the paired t-test analysis were compared 
to databases: 59 putative microRNA-mRNA regulatory 
pairs were found, amongst them regulations involving hsa-
miR-146b and hsa-miR-7 that are well described for their 
involvement in FTC cancerogenesis.
Conclusions: The proposed analysis pipeline successfully 
pinpointed important regulatory microRNA-mRNA pairs 
that are most likely important for FTC cancerogenesis. The 
exact role of  the discovered putative regulations is current-
ly validated by functional assays in vitro.
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IGF-I is one of  the most important growth factors in-
volved in oral biology. It circulates in plasma in a form of  
complex with binding proteins — IGFBPs and acid labile 
subunit — ALS. It was decided to assess the content of  
IGF-I in human saliva in relation to other proteins, and the 
expression and content of  its binding proteins and ALS of  
healthy people of  different gender and age. Research mate-
rial was mixed resting saliva obtained from 70 healthy vol-
unteers, which were divided into seven groups, taking into 
account age and gender. For qualitative and quantitative 
evaluation of  IGF-I complexes with IGFBP-5 and ALS 
there were used: Western immunoblot and ELISA assay. 
It was shown that human saliva contained IGF-I mainly in 
the form of  macromolecular complexes. Expression and 
content of  IGFBP-5 and ALS were affected by gender and 
age.



  Session 2. Genomics, Proteomics, Metabolomics — Medical and  Environmental Implications 75

The First Polish-German Biochemical Societies Joint Meeting, 2012

P2.89

Analysis of kinetic parameters 
of the reaction carried by EcoVIII 
DNA methyltransferase
Ewa Wons-Karczyńska, Tadeusz Kaczorowski

Department of Microbiology, University of Gdańsk, Gdańsk, Poland
e-mail: Ewa Wons-Karczyńska <ewawons@gmail.com>

EcoVIII DNA methyltransferase (M.EcoVIII) from E. coli 
E1585-68 is a part of  type II RM system. It recognizes the 
canonical palindromic sequence 5’-AAGCTT-3’ and meth-
ylates the external adenine. However, with lower efficiency, 
it can also methylate other sites. Here we report the de-
tailed analysis of  sequence selectivity and site preferences, 
which were determined by the usage of  oligonucleotides 
(29-mers) containing canonical or altered DNA sequences.
The Km determined for the unmethylated specific sequence 
was 0.0751 µM while values for non-canonical sites were 
increased by factor 1.04–1.90. The overall specificity (kcat/
Km) with respect to non-canonical sites decreased 5–14 
times.
The reaction parameters for hemimethylated and single 
stranded targets were also measured. M.EcoVIII recogniz-
es the sequence methylation status and prefers hemimethyl-
ated specific sequence over unmethylated one. The enzyme 
modifies single stranded specific sequence although at 
much lower rate. The M.EcoVIII preference with respect 
to methylation efficiency is: hemimethylated canonical site 
>unmethylated canonical site>non-canonical sites≥single 
stranded canonical site.
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Age-related macular degeneration (AMD) is a disease of  
the central part of  the retina, called macula. It leads to cen-
tral vision deterioration and blindness. It affects individuals 
over the age of  60 and accounts for about half  of  all cases 
of  newly registered blindness in the developed world. In its 
advanced stage, AMD progress to either dry or exudative 
(neovascular) form. AMD is a multifactorial disease and it 
is a result of  genetic and environmental factors. One of  the 
major pathophysiological factors playing a role in the AMD 
is oxidative stress. As high level of  chelatable iron and its 
main carrier, transferrin, has been found in the AMD-af-
fected maculas, it is postulated that iron may play a role in 
AMD. Elevated iron may be toxic to cells and it plays a role 
in a number of  pathologies. Several lines of  evidence con-
firm that iron-dependent ROS generation may contribute 
to AMD pathogenesis, therefore the study on the role of  
the variability in iron homeostasis genes and its products in 
AMD is justified.
Here we demonstrate an association between 4 single-nu-
cleotide polymorphic sites in the transferrin gene (TF) and 
AMD risk. The potential involvement of  other risk fac-
tors was also checked. Additionally, we measured the serum 
levels of  iron and transferrin. Genotyping was performed 
by PCR-RFLP, protein level was measured by ELISA assay 
and total serum iron was determined colorimetrically.
We found that the c.-576G>A polymorphism might be 
linked with AMD. The GG homozygotes may have a lower 
risk of  dry AMD (OR 0.50; p 0.05) while the GA geno-
type seems to be associated with a higher risk of  this AMD 
form (OR 1.87;  p 0.05). Additionally, we found a signifi-
cant interaction of  this polymorphism with the female sex, 
tobacco smoking and BMI above 30. Moreover, we found 
that although serum iron level did not differ between AMD 
and controls, serum transferrin was significantly higher in 
AMD patients in comparison to controls (p=0.002).  Fi-
nally, serum transferrin levels correlated with 2 polymor-
phism: - c.-576G>A and g.3296G>A in the TF gene.
These results suggest that the variability in the TF gene may 
play a role in AMD and it may be modulated by some fac-
tors. This variability may contribute to enhanced transfer-
rin levels in AMD, but this issue needs further study.
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Introduction: MicroRNAs (miRNAs) are class of  non-
coding, short, single-stranded RNAs, which are able to reg-
ulate gene expression by interaction with complementary 
sequences in the 3’ untranslated region of  target mRNA. 
MiRNAs  expression is tissue- and cell-specific. Moreover, 
miRNAs are present not only in cells but also in blood and 
other body fluids. Recently reports indicates that miRNA 
might be considered as novel biomarker of  various path-
ological conditions. Cardiac surgeries involve the risk of  
numerous complications, including myocardial infarction. 
Evaluation of  heart injury related to cardiac surgery is pos-
sible due to e.g. measurement of  protein biomarkers level. 
One of  them is Troponin I. Unfortunately,  interpretation 
of  results is difficult and ambiguous. The aim of  this study 
was to investigate the expression of  miRNA-208a and 
miRNA-208b in plasma collected from CABG (Coronary 
Artery Bypass Graft) patients and evaluate the clinical util-
ity of  miRNAs as biomarkers of  myocardial injury. 
Materials and Methods: The study was conducted on pa-
tients qualified for Coronary Artery Bypass Graft (CABG) 
surgery. The plasma was collected before the surgery and at 
3h, 6h after CABG surgery. Total RNA was isolated from 
plasma using mirVanaPARIS kit. Cardiospecific miRNA-
208a and miRNA-208b relative expression was examined 
with TaqMan-based real-time PCR. 
Results and Conclusions: Preliminary data indicated, that 
both miRNA-208a and miRNA-208b levels were below 
the detection limit (Ct≥40) in samples collected before the 
CABG surgery. Cardiospecific miRNAs expression was de-
tected 3 and 6 hours after the operation and we noticed that 
level of  both molecules tend increase. There are indications 
that more often seen in the plasma of  CABG patients is 
miRNA208a. The obtained preliminary data are promis-
ing. In order to confirm the results we intend to carry out 
studies on a larger number of  patients. It seems that the 
plasma cardiospecific miRNAs might be novel biomarkers 
of  myocardial injury. It is worth considering the plasma 
miRNA-208 role in myocardial injury treatment as an early 
and specific biomarker.
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Background: The role of  Signal Transducer and Activa-
tor of  Transcription (STAT) family in the pathogenesis 
and progression of  various malignant tumors has been 
observed but there is still need to clarify prognostic signifi-
cance of  STAT expression and activation in clear cell renal 
cell carcinoma (ccRCC). The study was designed to analyze 
in detail the expression of  STATsthe STATs expression, 
especially STAT3, in ccRCC and to compare its value with 
clinicopathologic characteristics such as disease progress 
and patient survival.
Observation: Tumor samples and Peripheral Blood Mon-
onuclear Cells (PBMCs) were collected from 100 patients 
who underwent a nephrectomy procedure for ccRCC. All 
tumor samples were confirmed by pathological analysis as 
classical ccRCCs.
DNA was isolated from PBMCs and tumor tissue, subse-
quentlyVHLgenetic status was determined with PCR and 
direct exon sequencing. Next we anlyzed the correlation 
of  the type of  the VHL mutation with differential expres-
sion of  the VHL transcript. Furthermore the expression of  
HIF-1α (H1), HIF-2α (H2) was checked in relation to VHL 
expression status.  As a result of  the tumor tissue analysis  
ccRCC patients were assigned to three groups: VHL ac-
tive, VHLinactive H1H2 and VHL inactive H2 active. The 
purpose of  the study is to monitor STATs expression in 
groups with different VHL expression status in both  tu-
mor tissue and PBMCs. Differences in expression profiles 
(tumor vs. healthy tissue, test group vs. control PBMCs) 
were observed.
Results: The aim of  the study is to molecularly describe 
the individual ccRCC tumors and to define the differences 
between the particular tumor types using gene sequencing, 
polymorphism genotyping and gene expression analysis. 
We focus on incorporation of  biological data into clinical 
history to predict and/or monitor disease progression and 
patient’s response to therapy. Here we analyze differences 
in STATs expression profile in ccRCC patients and controls 
to validate the usefulness of  those molecular parameters as 
biomarkers of  disease development and progression. 
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Study objective: In insects glycogen serves as a glu-
cose reserve for utilization at different points of  the life 
cycle. This sugar is most abundant in fat body, intestine 
and flight muscles. The synthesis of  glycogen catalysed by 
glycogen synthase — GSY (uridine diphosphate glucose: 
glycogen α-4-glucosyl transferase, EC 2.4.1.11). Gene gsy 
XM_624704. The decomposition of  glycogen by glyco-
gen phosphorylase (1,4 α-D-glucan:orthophosphate α-D-
glucosyltransferase EC 2.4.1.1). Gene glyP (XM_623383).
This data may facilitate studies of  function in bees and im-
prove our understanding of  glycogen metabolism.
Material and Methods: The research include 12 larval 
stages of  A. mellifera from hatching larvae to brood out 
imago. Isolation RNA from tissues with peqGOLDTriFast 
(PeqLab, Germany). RT-PCR, cDNA synthesis and ampli-
fication TranScriba Kit and StartWarm 2xPCR Master Mix 
(A&A Biotechnology Poland). The primers sequence: gsyf:5’-
tcactaatcggtctaggata3’, r:5’-aatcgtacagaacgtcttag-3; gf  f:5’-
catctgatacatagcctcat3’,r:5’-tagtttctagatggatacgc-3; Rp49 f:5’-
cgtcatatgttgccaactggt-3’, r:5’-ttgagcacgttcaacaatgg-3’. Real 
time PCR. The mean value±SD was used for analysis of  
relative transcript levels for each time point using the ΔΔCt 
method. Quantitative real-time PCR was performed using 
a SYBRGreen PCR-MIX Taq™ (A&ABiotechnology) ac-
cording to the manufacturer's instructions. The data were 
analyzed and normalized relative to rp49 (N1) transcript 
levels by an AB analysis software (7500v2.0). All samples 
were tested in triplicate on lightcycler (Applied Biosystem, 
FAST7500). Melting curves were constructed after ampli-
fication.
Results: Semi-quantitative analysis and quantitative real-
time PCR indicated that the gsy and glyP were expressed in 
most of  larval stages, a critical moment in the development 
in N3, P2. Sgy and glyP showed the lowest abundance in 
N3 larvae. Gen sgy showed the most higher abandunce in 
pre-pupae (Z2) and pupae P3 (about 3-times).
Conclusion: the PCR conditions and primers used were 
determined; the expression of  studied gsy and glyP mRNA 
in developmenal stages of  A. mellifera were observed.
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