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Uracil in DNA — friend or foe? 
New facts and hypothesis
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Uracil may arise in DNA, in small quantities as a result 
of spontaneous cytosine deamination or/and misincorpo-
ration of dUMP during DNA replication. However, just 
recently uracil formation via enzymatic deamiantion of 
cytosine, has been found to underlies diversification of Ig 
genes and inhibition of retroviral infection. DNA deami-
nation is the only known programme in mammalian de-
velopment in which the coding capacity of the genome 
is changed by targeted modification of deoxycitidine. In 
this lecture: sources of the origin of uracil in DNA and the 
function of activation induced cytidine deaminase (AID) 
the enzyme which is responsible for cytidine deamina-
tion in Ig genes of B cell clones, will be reviewed. The 
role of uracil and above mentioned enzyme in Ig diversi-
fication process, which comprises somatic hypermutation 
and class switch  recombination will also be discussed. Fi-
nally, possible involvement of aberrantly expressed AID 
and presence of uracil in DNA, in carcinogenesis will be 
discussed.
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The nuclear cap-binding protein complex (CBC) partici-
pates in 5’ splice site selection of introns that are proximal 
to the mRNA cap. However, it is not known whether CBC 
has a role in alternative splicing. Using an RT-PCR alter-
native splicing panel, we analyzed 435 alternative splic-
ing events in Arabidopsis thaliana genes, encoding mainly 
transcription factors, splicing factors and stress-related 
proteins. Splicing profiles were determined in wild type 
plants, the cbp20 and cbp80(abh1) single mutants and the 
cbp20/80 double mutant. The alternative splicing events 
included alternative 5’ and 3’ splice site selection, exon 
skipping and intron retention. Significant changes in the 
ratios of alternative splicing isoforms were found in 101 
genes. Of these, 41% were common to all three CBC mu-
tants and 15% were observed only in the double mutant. 
The cbp80(abh1) and cbp20/80 mutants had many more 
changes in alternative splicing in common than did cbp20 
and cbp20/80 suggesting that CBP80 plays a more signifi-
cant role in alternative splicing than CBP20, probably be-
ing a platform for interactions with other splicing factors. 
Cap-binding proteins and the CBC are therefore directly 
involved in alternative splicing of some Arabidopsis genes 
and in most cases influenced alternative splicing of the 
first intron, particularly at the 5’ splice site.
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RNA duplexes on the RNA interference 
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Short interfering RNAs (siRNAs) are valuable reagents 
for sequence-specific inhibition of gene expression via 
RNA interference (RNAi) pathway. There is a great inter-
est in clarifying the sequence and structural requirements 
of siRNAs to improve their efficacy. Selective loading of 
a antisense strand into the RISC is essential for avoiding 
undesirable side effects. It has been proposed and largely 
accepted that relative thermodynamic stability at the both 
ends of siRNAs plays a crucial role for the guide strand 
selection and total siRNAs activity [1]. Recent structural 
studies demonstrated that the PAZ domain of Argonaute 
and Dicer proteins contributes to the recognition of the 
2-nt overhang of the siRNA, thus it is possible that the 
binding mode of an siRNA to the PAZ domain of Ago2 is 
important for guide strand selection [2]. We showed, that 
the terminal structure of siRNA duplex is the predomi-
nant determinant of the strand selectivity regardless of 
thermodynamic stabilities at the 5’-ends [3,4]. To verify 
this issue, we designed four types of siRNAs: with sym-
metric blunt ends (b-b), with symmetric 2-nt overhangs 
(o-o), with asymmetric 2-nt antisense strand overhang 
(o-b) and with asymmetric 2-nt sense strand overhang 
(b-o). Efficiency of mentioned types of siRNAs was con-
firmed in the model experiments by targeting firefly lu-
ciferase and SARS-corona virus genes as well as endog-
enous genes: GAPDH and Lamin A/C. Results indicated 
that siRNAs with the unilateral 2-nt 3’overhang on the 
antisense strand (o-b) exhibited improved efficacy rela-
tive to siRNAs with symmetric overhangs. In contrast, 
siRNAs with an asymmetric sense strand overhang (b-o) 
showed significantly reduced activity Partial deletions or 
DNA substitutions in sense strand could improve RNAi 
potency of RNA duplex. These findings provide a useful 
guidelines for the design of potent siRNAs and contrib-
ute to understanding the crucial factors in determining 
strand selection in mammals.
References:
1. Schwarz DS et al. (2003) Cell 115: 199.
2. Tomari Y et al. (2004) Science 306: 1377.
3. Sano M et al (2008) Nucleic Acids Res 36: 5812.
4. Shizuyo S et al (2009) Genes Environ 31: 15.
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The years following publication of the draft human ge-
nome sequence brought about a dramatic change in our 
understanding of the organization and expression of ge-
netic information. The regions of protein-coding genes 
constitute only a quarter of the whole genome and their 
open reading frames account for less than 2% of nuclear 
DNA. Discoveries of new classes of RNA without pro-
tein coding potential and large scale cDNA sequencing 
projects demonstrated that, contrary to the original view, 
the cellular functions and the processes associated with 
growth and development of organisms do not depend 
solely on the protein-coding genes. There is a growing 
number of genes which yield noncoding RNAs (ncRNA) 
playing multiple functions in regulation of gene expres-
sion.
NcRNAs have been identified in organisms belonging to 
all domains of life and have been shown to participate 
in controlling gene expression on all levels, by mediating 
chromatin modifications, modulation of transcription fac-
tors activity, influencing mRNA stability, processing and 
translation. Their activity has been associated with genet-
ic imprinting, dosage compensation and many processes 
of differentiation and development and their aberrant ex-
pression is linked with certain human diseases including 
neurobehavioral, developmental disorders and cancer.
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Eukaryotic mRNAs possess on their 5’ ends the cap struc-
ture consisting of 7-methyl guanosine joined via a 5’-5’ 
triphosphate bridge to the first transcribed nucleotide 
of mRNA chain. This modification plays a crucial role in 
function of mRNA in variety of cellular processes, includ-
ing: splicing, intracellular transport, translation, mRNA 
turnover and repression of translation by micro RNAs. 
Because of that, specifically modified cap analogues 
have become very useful tools in studying the molecu-
lar mechanisms of these processes. For instance, in the 
case of widely applied synthetic capped RNA transcripts 
produced by in vitro transcription in the presence of 
standard m7GpppG, one-third or even one-half of mRNA 
transcripts contain cap incorporated in reversed orienta-
tion. However, the replacement of standard cap analogue 
by anti reverse cap analogues (termed ARCA), in which 
3’OH or 2’OH of m7Guo moiety is substituted by 3’ or 
2’ O-methyl group, all pool of obtained transcripts are 
capped correctly. Moreover, cap analogues bearing a sin-
gle phosphorothioate, boranophosphate, imidodiphos-
phate or bisphosphonate modification in an appropriate 
position of the 5’-5’-triphosphate bridge, are resistant to 
hydrolysis by DcpS and/or Dcp1/Dcp2 decapping py-
rophosphatases, enabling to make stable and therefore 
translationally more active mRNAs. Such mRNAs can 
be used for efficient production of biologically and thera-
peutically important proteins.
On the other hand it has been also observed that overex-
presion of eIF4E in cells drives to cellular transformation, 
tumorigenesis and metastatic progression which is con-
nected with higher efficiency of translation of weak mR-
NAs such as those encoding growth and survival factors. 
Targeting eIF4E for inhibition by modified cap analogues 
with high affinity to 4E factor may provide an attractive 
therapy for many different tumor types.
Our latests achievements dealing with biochemistry and 
biophysics of modified cap analogues will be presented.
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The stability of the human genome is crucial for the pre-
venting of the induction of many serious genetic diseases, 
including cancer and effective DNA repair is crucial for 
maintaining this stability. DNA repair defects may result 
in serious genetic diseases, including xeroderma pigmen-
tosum, Cockayne syndrom, trichotiodystrophy, ataxia te-
langiectasia, Bloom syndrome and others. However, the 
disturbances of DNA repair can also be associated with 
several other diseases, but the question whether these dis-
turbances are reasons or consequence of a disease is still 
open. Because the stability of the human genome seems to 
be of paramount importance in limiting premature aging, 
as suggested by a variety of progeroid syndromes associ-
ated with defects in DNA-processing proteins, we inves-
tigated the efficacy of DNA repair in age-related macular 
degeneration (AMD), an ocular disease linked with the 
process of aging. We observed that lymphocytes from 
AMD patients displayed a higher sensitivity to hydrogen 
peroxide and UV radiation and repaired lesions induced 
by these factors less effectively than the cells from the 
control individuals. We reported also increased sensi-
tivity to exogenous mutagens and decreased efficacy of 
DNA in oxidative stress-related diseases, including type 
2 diabetes mellitus (T2DM). Lymphocytes taken from pa-
tients with some cancers, including breast and stomach 
cancers displayed disturbances in DNA repair, similarly 
like cells of children with Down syndrome. Therefore, 
DNA repair may be downregulated in diseases associ-
ated with factors, which may affect the stability of the hu-
man genome. These factor can be either environmental, 
like reactive oxygen species, playing role in T2DM, AMD 
and some cancers, or endogenous, like the process of ag-
ing or chromosome imbalance, contributing to AMD and 
Bloom syndrome. Study on DNA repair in some diseases 
may help to understand the pathogenesis of them and see 
them as systemic diseases.
Acknowledgements:
This work was supported by the grant number 402 071 32/2210 of 
Ministry of Science and Higher Education.
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Infections with HIV-1(AIDS) and antibiotic-resistant bac-
teria (eq. S. aureus, Tuberculosis destructiva) cause seri-
ous menace for world community and it appeals for suc-
cessful therapy. A complex interplay of macromolecules 
(nucleic acids, proteins), which is critical for pathogens 
life cycle, is of special interest and subject of intensive 
studies. Almost all steps of HIV-1 life cycle are considered as 
potential target of AIDS therapy. tRNALys 3

(human) is selected 
by HIV-1 from the host tRNA pool as the primer for the 
reverse transcription process. Recently this key step of the 
retrovirus replication in this context has been minutely 
discussed [1]. It is generally accepted that, besides of PBS 
(primer binding side), PAS (primer activation sequence) 
domenes also “A rich” fragment of RNA(v) I loop inter-
action with tRNALys3 highly modified anticodon loop 
sequence (ASLLys3) strongly influences on the formation 
of the ternary complex RNA(v)-ASLLys3 -RT (reverse tran-
scriptase). In this communication we present the results 
of the three-years collaborative studies directed towards:
— recognition of an impact of the modified ASLLys3 com-
ponents on the selectivity of the biopolymer binding with 
proteins [2];
— an influence of the ASLLys3 posttranscriptional status 
on thermodynamic stability and conformation of the 
model duplex RNA (v)-ASLLys3 [3]
— function of hipermodified components of ASL tRNAs 
specific for prokaryotes (pathogens eq. S. aureus) in ribos-
omal de-coding of the genetic message [4, 5];
Basing inter alia on the results of these works the “au-
tomatic platform” for quick selection from “libraries” in-
hibitors of HIV-1 replication has been elaborated [6]. First 
tests on 5000 compounds have permitted isolation of 100 
inhibitors of the RNA(v)-ASLLys3 mini-helix formation in 
vitro, and several with low cytotoxicity have moderately 
inhibited (IC-50 TC-50) replication of the pathogen in 
infected cells. The extension of this methodology on di-
agnostics and automatic selection of S. aureus replication 
inhibitor will be also discussed.
References:
• Abbink E, Berkhout B (2008) Virus Res 134: 4-18.
• Eshete M et al (2007) Protein J 26: 61-73.
• Bilbille Y et al (2009) Nucleic Acid Res 37: 3342-3353.
• Vendeix FA et al (2008) Biochemistry 47: 6117-6129.
• Weixlbaumer A et al (2007) Nat Struct Mol Biol 14: 498-502.
• Patent - WP 2008/064304 A2.
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Non-enzymatic modification of DNA bases by endog-
enously formed alkylating agents is an intrinsic feature of 
all living organisms, and contributes to mutagenesis and 
aging. Alkylated DNA bases are mainly repaired in the 
base excision repair pathway. However, oxidative DNA 
damage can be removed in alternative DNA glycosylase-
independent nucleotide incision repair (NIR) pathway. 
The AP endonucleases of bacterial, yeast and human ori-
gins cleave the DNA on the 5’ side of various oxidatively 
damaged bases, generating 3’-hydroxyl and 5’-phosphate 
termini. The NIR pathway generates directly proper ends 
for DNA replication on one side and on the other side 
for elimination of the remaining dangling base by specific 
nucleases. This mechanistic characteristic creates an ad-
vantage as compared to classic base excision repair path-
way (BER). We have recently found that lipid-peroxida-
tion derived 3,N4-ethenocytosine is also a good substrate 
for the NIR pathway. 
Some alkylated bases present in DNA can be repaired by 
another DNA glycosylase independent manner via direct 
reversal (DR) pathway mediated by AlkB family proteins. 
Escherichia coli AlkB protein is oxidative demethylase that 
uses non-heme iron(II), α-ketoglutarate and molecular 
oxygen to reverse directly 1-methyladenine (1MeA) and 
3-methylcytosine (3MeC), lesions in single-stranded DNA 
or RNA. Recently, it has been shown that bacterial AlkB 
oxidizes also lipid peroxidation-derived ethenobridges in 
εA and εC residues causing them to revert to adenine and 
cytosine, respectively. Human cells possess nine homo-
logical proteins with oxidative demethylase motifs, but 
only three of them (ABH 1–3) were shown to repair 1MeA 
and 3MeC. Our studies demonstrate that ABH2 removes 
efficiently ethenoadducts to A, C and G, but ABH3 activ-
ity is limited to εC repair in ssDNA. Enzymes from sev-
eral bacterial sources show divergent substrate specifici-
ties or no enzymatic activity at al. The physiological role 
of AlkB family proteins is probably not limited to DNA 
repair. All of them bind to RNA, most probably partici-
pating in RNA modification. Some of these proteins may 
participate in signal transduction. ABH1 is indispensible 
for the formation of trophoblast, and ABH3 is specifically 
induced in malignant prostate cancer.
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Introduction: HCV replicates mainly within hepatocytes, 
however there are evidences for replication in peripheral 
blood mononuclear cells (PBMC). The determinants re-
stricting HCV replication and tropism remain unclear. 
Many studies demonstrate that HCV life cycle can be con-
trolled by microRNAs. MiR-155 is the recognized PBMC-
specific microRNA that is involved in viral infection con-
trol. The ability of miR-155 to regulate of HCV life cycle 
has not yet been established.
Objective: The aim of our study was to investigate if 
miR-155 expression in PBMC samples from patients with 
chronic hepatitis C (CHC) has a connection with HCV 
replication. 
Materials and methods: PBMC and sera samples were 
obtained from 21 untreated patients with CHC and 18 
healthy donors. RNA was extracted from PBMC, using 
mirVana miRNA Isolation Kit. HCV RNA genomic and 
antigenomic strands presence in PBMC was detected 
by RT-PCR. The expression of miRNA was assayed on 
PBMC, using the TagMan MicroRNA Assay.
Results: HCV RNA genomic strand was detected in 16 
out of 21 and antigenomic strand in 9 out of 21 PBMC 
samples from patients with CHC. 
The fold change ratio for miR-155 (0.93 ± 0.12) in PBMC 
between these two groups revealed modest differences 
in expression levels, tending toward up-regulation dur-
ing HCV infection. In group of patients with detectable 
antigenomic strand in PBMC. miR-155 level was higher 
than in group with undetectable replication intermediate 
in PBMC, and the value came to 1.2-fold ± 0.14
Conclusion: Our preliminary results show that miR-155 
expression levels in PBMC tend to increase in HCV-in-
fected patients. The increase was more evident in group 
of individuals with detectable HCV RNA antigenomic 
strand in PBMC. 
Acknowledgments:
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Enzymes constituting type-II RM systems are well known 
for the specific recognition of short nucleotide sequences 
within DNA. Studies on target recognition have shown 
that modification of sequences which differ by one base 
pair from their specific sites is substantially lower. It was 
also demonstrated for many restriction endonucleases as 
well as for DNA methyltransferases that under some non-
standard conditions relaxed specificity (star activity) was 
easily detected. 
We are focused on the question how enzymes recognise 
their canonical sequence. Therefore we examine both 
direct and indirect readout made by isospecific DNA 
methyltransferases — M.EcoVIII, M.LlaCI, M.HindIII 
and M.BstZ1II. They all act in a sequence-specific manner 
and catalyse transfer methyl group from AdoMet to the 
first adenine in 5’-AAGCTT-3’. Using DNA targets with 
mismatch and one base pair substitution, the specificity 
of studied enzymes in standard and altered reaction mix-
tures was estimated. Under standard conditions, none of 
the star sequences is modified by studied enzymes with 
one exception — M.HindIII methylates GAGCTT in re-
duced level. Nucleotides in the centre of the canonical 
sequence appeared to be the most significant as targets 
with substitution in those positions are almost not modi-
fied even under star condition. In contrast, changing the 
first base in canonical sequence has the lowest effect on 
target recognition and catalysis. 
To examine the phosphate contact in enzyme-DNA com-
plex, we used oligonucleotides with different location of 
canonical sequence from the end of the oligonucleotide 
or missing one phosphodiester bond within the sequence. 
We have found that the bonds in the middle of the se-
quence seems to be the most important since oligonucle-
otides with such gaps were modified very poorly.
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Compound C-1305 binds to telomeric DNA and 
prevents its interactions with TRF1/2 proteins
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Telomeres are specialized DNA-protein complexes con-
sisting of six core telomere binding proteins (shelterins), 
localized at the ends of the linear chromosomes. Telom-
eres play crucial roles in protecting chromosomal ends 
from being inappropriately recognized as a damaged 
DNA. Human telomeric DNA consists of TTAGGG nucle-
otide repeats at the 3’ ends and TRF1 and TRF2 proteins 
are the key components of the telomeric nucleoprotein 
complex. Both TRF1 and TRF2 contain so called Myb-like 
domain, which is responsible for sequence-specific bind-
ing of these proteins to DNA. It was previously shown 
that the absence of either of TRF proteins or expression of 
their non-functional mutant forms results in disturbances 
in the telomere length maintaining mechanisms and chro-
mosomal fusions, that leads to apoptotic cell death.
We recently postulated, that TRF1/2-telomeric DNA com-
plexes could be excellent targets for new anticancer drugs, 
where small molecular weight compounds by specific 
binding to telomeric DNA disturb the formation of pro-
tein-DNA complexes. The aim of this work is to character-
ize interactions of TRF1/2 proteins and fragments of these 
proteins, containing Myb-like domains, with telomeric 
DNA, in the absence or presence of compound C-1305. 
We showed previously that this compound binds with 
high affinity to guanine-rich DNA regions and induces 
unique structural changes within GGG sequences of the 
DNA. We preformed a series of in vitro biophysical and 
biochemical experiments using human recombinant TRF1 
and TRF2 proteins and Myb domain-containing peptide. 
We showed that triazoloacridone derivative, compound 
C-1305, binds both to G-quartet substrate and telomeric 
dsDNA, with relatively high specificity. Using chemical 
probing, we also found that C-1305 induces structural 
changes within GGG triplets present in the telomeric se-
quences in dsDNA probe. We applied the electrophoret-
ic mobility shift assay (EMSA) to show that compound 
C-1305 is able to disturb the binding of TRF1/2 proteins 
and Myb1 peptide with dsDNA substrates, containing 
consensus binding sequences for both studied shelterins. 
Our results confirmed that the affinity of TRF1/2 and Myb 
domain peptide is greatly decreased in the presence of 
C-1305.
Together, our studies show that compound C-1305 induc-
es structural changes in double stranded telomeric DNA, 
specifically within GGG triplets, that leads to greatly de-
creased affinity of both TRF1 and TRF2 to telomeric DNA 
substrates.
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Etheno adducts are formed in reaction of DNA bases with 
various environmental carcinogens and endogenously 
created products of lipid peroxidation. Accumulating 
evidence suggests that these types of lesions play a role 
in the etiology of some human cancers. Chloroacetalde-
hyde (CAA), a metabolite of carcinogen vinyl chloride, is 
routinely used to generate etheno adducts under labora-
tory conditions. We studied the role of AlkB, along with 
AlkA and Mug proteins, all engaged in repair of etheno 
adducts, in CAA-induced mutagenesis. The test system 
used involved pIF103 and pIF104 plasmids bearing the 
lactose operon of CC103 or CC104 origin (Cupples & 
Miller (1989) Proc Natl Acad Sci USA 86: 5345-5349) which 
allowed to monitor Lac+ revertants, the latter arose by 
GC=>CG or GC=>TA substitutions, respectively, as a re-
sult of modification of guanine and cytosine. Since the 
major G-CAA adduct, N2,3ethenoG, causes exclusively 
G=>A transitions and the minor adduct, 1,N2ethenoG, 
shows very ambiguous miscoding behavior, the muta-
tions scored can be considered as result of cytosine modi-
fication only. The plasmids were CAA-damaged in vitro 
and replicated in E. coli of various genetic backgrounds 
(wt, alkA, alkB, mug, alkAalkB, alkAmug, and alkBmug). To 
modify the levels of AlkA and AlkB proteins, mutagen-
esis was studied in E. coli cells induced or not in adaptive 
response. Formation of ethenoC proceeds via a relatively 
stable intermediate, 3,N4-alpha-hydroxyethanocytosine 
(HEC), which allowed the comparison of mutagenicity 
and repair of both adducts. We found that ethenoC more 
efficiently than HEC induces C=>G and C=>A transver-
sions. Considering the levels of CAA-induced mutations 
in studied E. coli strains harboring the pIF plasmids and 
induced or not in adaptive response, we conclude that 
AlkB and Mug proteins are engaged in the repair of 
ethenoC and HEC in vivo.
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The APOE gene epsilon polymorphism 
in children after ischemic stroke
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Backround: The presence of the ischemic stroke in chil-
dren is more rare then it is in adults. However, is among 
the top 10 causes of death in childhood. Moreover, sick-
ness in early age left 50–80% survivors with significant 
neurological abnormalities and about 20–40% of affected 
children have recurrent strokes. Etiology of ischemic 
stroke in children is poorly understood but the young age 
suggests that the participation of genetic factors may be 
significant. The previous studies showed that about 70% 
of stroke children had lipid abnormalities. Therefore our 
study concerns the APOE gene encoding apolipoprotein 
E — an essential consistuent of triglyceride-rich lipopro-
teins. The epsilon polymorphism of APOE gene strongly 
affects lipoproteins levels. The aim of the current study 
was to evaluate a possible association between ε-polymor-
phic variants of APOE and ischemic stroke in children. 
Methods: Study included 147 subjects: 49 children after 
stroke and 98 biological parents of them. The polymor-
phism of APOE gene was investigated by PCR-RFLP 
method. The Transmission Disequilibrium Test (TDT) 
was used to analyze the transmission of specific allele 
from heterozygous parents to their affected offspring. 
The significant distortion from random transmission in-
dicate a possible association between the polymorphic 
variant and the disease. 
Results: We did not observe a preferential transmission 
of any polymorphic variant from heterozygous parents 
to stroke children (p<0.73 for ε3, p<0.13 for ε2 and p<0.53 
for ε4 allele). 
Conlussion: The results of our study does not confirm 
hypothesis that the APOE gene polymorphism is a risk 
factor of the ischemic stroke in children.
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Objectives: Oxidative stress has been proposed as a major 
contributing factor for vascular diseases with an athero-
sclerotic background. NAD(P)H oxidases are the main 
source of superoxide in the vasculature. The p22phox 
peptide encoded by the CYBA gene is a critical compo-
nent of NAD(P)H oxidases and a functionally relevant 
C242T polymorphism of the CYBA gene modulates gen-
eration of reactive oxygen species in the vasculature. This 
report focuses on the interactions between C242T CYBA 
polymorphism and the risk of premature ischemic stroke 
in children.
Methods: We have studied 186 individuals, including 
64 children with ischemic stroke, their biological par-
ents (n=90) and children (age and sex matched) with no 
known history of cerebrovascular disease (n=32). The 
C242T CYBA polymorphism was genotyped using the 
PCR-restriction fragment-length polymorphism method. 
The multivariate logistic regression analysis (case-control 
study) and TDT (transmission disequilibrium test) were 
performed using Statistica 6.0 software.
Results: Case-control study didn’t reveal any statistically 
significant differences in genotypes and alleles frequen-
cies of C242T polymorphism. However two-fold higher 
frequency of TT genotype in the control group was ob-
served. The preliminary TDT analysis showed the differ-
ences in the frequency of transmitted alleles. The C242 al-
lele was more frequently transmitted from heterozygous 
parents to the stroke children and the differences were 
statistically significant (χ2 = 5.56, p = 0.0184).
Conclusion: The C242T polymorphism of the CYBA gene 
seem to be associates with premature ischemic stroke in 
children however these findings should be confirmed on 
a larger study group.
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Plasmids are the most abundant extrachromosal elements 
in bacteria. Over the years they become the potent tool in 
molecular biology. That is why our group from Depart-
ment of Bioengineering IBA searches for new plasmids of 
applicable potential such as pIGRK — a cryptic plasmid 
from Klebsiella pneumoniae (GeneBank acc. No. AY543071). 
In order to identify its potential applications it was neces-
sary to determine its molecular biology and mechanism 
of replication. 
The analysis of the pIGRK nucleotide sequence of repR 
gene and the analysis of amino acid sequence of RepR 
protein coded by this gene suggest that the plasmid be-
longs to a rolling circle replication (RCR) group. 
Previously we presented the results from cloning and 
expression of repR gene coding putative replication pro-
tein [1]. Here we present the data showing the role of 
RepR protein in replication of plasmid pIGRK DNA. We 
performed the mutagenesis experiments showing that 
pIGRK plasmid replication is RepR dependent. The mu-
tated pIGRK plasmid was able to replicate only in pres-
ence of expression vector providing replication protein 
RepR in trans.
Such a system based on expression vector providing RepR 
in trans allows to indicate the repR gene regions coding es-
sential replication RepR activities in plasmid pIGRK in 
further experiments. 
References:
1. Mazurkiewicz-Pisarek A et al (2006) Acta Biochim Polon 53 sup.: 
191-192.
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Zinc is one of the most essential trace elements in human 
organism. It plays a role in many fundamental processes 
as nucleic acids metabolism, cell division, growth and 
development. It is esspecialy importand in nervous, en-
docrine and immune system. On the cell level zinc plays 
a role in regulating at least 300 enzymes, and above 2000 
transcription factors require zinc ions to their proper ac-
tion. Intracellular level of zinc as well as its localization 
inside the cell is subjects to a strict regulation by number 
of ways, including zinc transporters, zinc binding pro-
teins and sensors. Zinc can also act as a signaling mol-
ecule. Moreover, zinc takes part in maintaining structural 
and biophysical properties of many proteins, esspecialy 
by binding to well defined zinc binding domains like zinc 
finger or ring finger motifs. 
The main purpose of this experiment was to test the ef-
fect zinc influence – zinc chloride and zinc sulfate, both 
at concentration of 10 mM, on genotoxic properties of an-
ticancer drugs: doxorubicin (0.25–1 mM) and idarubicin 
(0.01–1 mM). The experiment was performed on two cell 
types: acute lymphoblastic leukemia cell line (CCRF-
CEM) and normal lymphocytes isolated from peripheral 
blood of healthy, adult subjects. To evaluate the level of 
DNA damage and the kinetics of DNA repair the comet 
assay in the alkaline version was performed. In addition, 
to measure the level of accumulation of antibiotics within 
the cells with co-treatment with zinc salts the flow cyto-
metric method was used. 
Idarubicin induced DNA breaks in a concentration-de-
pendent manner in normal and leukemic lymphocytes. In 
the case of doxorubicin we observed a decrease in DNA 
fragmentation at higher concentrations which can be ex-
plained by DNA cross-linking. We observed a significant 
difference in DNA damage level between two tested cell 
lines. Leukemic cells exhibited strong enhancement of 
DNA damage in the presence of zinc salts, while in nor-
mal lymphocytes no such effect was observed. Moreover, 
zinc appeared to protect lymphocytes from the DNA 
damaging effect of both anthracycline antibiotics. Zinc 
did not affect the uptake of two antibiotics by normal and 
cancer cells. 
Observed difference in the action of zinc in normal and 
cancer cells suggests its role in improving efficiency of 
chemotherapy and reducing its side-effects. 
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Maize mosaic is the most widespread viral disease of 
maize in Europe. Maize dwarf mosaic virus is one of caus-
al agents of this disease. In Poland MDMV was first re-
ported in 2005. Since 2006 the virus has been regularly 
detected in maize cultivars. Infected maize plants were 
collected in Wielkopolska, Lower Silesia and Małopolska 
regions. MDMV is a member of the Potyviridae family and 
the Potyvirus genus. It infects many species of the Poaceae 
family. It is transmitted by: aphids vector in non-persist-
ent manner, by mechanical inoculation and by seeds. 
The breeding and cultivation of resistant varieties have 
proved to be the most promising and only possibility of 
an affective control. Viral quantification is an essential 
tool for the study of resistance mechanism of plants. A 
real time quantitative reverse transcription polymerase 
chain reaction (QRT-PCR) is a technique that provides 
accurate and reproducible quantification of gene copies. 
This method monitors fluorescence emitted during the 
reaction. An increase of fluorescence is associated with 
the concentration of RT-PCR product in the reaction. The 
method can be useful to examine disease development 
in different varieties. The main aim of this investigation 
was an identification of the Polish isolate of MDMV by 
the real time RT-PCR and an optimization conditions of 
the reaction in view of studies of resistant mechanism in 
maize cultivars.
 The reaction was done using Brilliant II SYBR Green 
QRT-PCR Master Mix Kit,1-Step (Stratagene) following 
the manufacturer’s instruction. Total plant RNA from 
100–120 mg of fresh infected maize leaves was extracted 
by RNeasy Mini Kit (Qiagen) according to the procedure 
supplied by the producer. The extraction was done about 
twelve days post inoculation. The concentration was 
determined in The Thermo Scientific NanoDrop 1000 
spectrophotometer. MrealF 5’GAGTCCACGGGAAAA-
GACAA3’ and MrealR 5’ TATCGAATTCAGCCCTGGTT3’ 
primers pair were designed using Primer3 (http://frodo.
wi.mit.edu/cgi-bin/primer3/primer3-www.cgi) for ampli-
fication of 199 bp fragment of coat protein gene. The pres-
ence of an expected RT-PCR product were analyzed also 
by agarose gel electrophoresis.The real time RT-PCR as-
say could be used as excellent diagnostic tool for MDMV 
detection in maize and different host plants.
Acknowledgements:
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We investigated the involvement of a type II restriction-
modification system (RM) EcoRI to the host cell fitness. 
We compared the viability of RM-lacking host with its 
RM-bearing isogenic variants When these two pheno-
typic strains were studied separately, they grew similarly. 
However, competition experiments involving strains 
with and without RM system, revealed that the competi-
tiveness of RM-possessing bacteria is reduced under non-
selective conditions. The impaired ability of E. coli RM+ 
to compete with its isogenic RM- strain might be related 
to the selfish character of the RM genes that are deleteri-
ous for fitness. Interestingly, when the influence of differ-
ent RM expression levels was taken into consideration, 
the lower level of RM expression (single-copy RM) ap-
peared to be more deleterious for genome integrity than 
for cells containing multiple RM gene complexes. Similar 
deleterious effect was observed in case of very high RM 
expression level. It could be explained by more frequent 
events of imbalance causing autorestriction both, in case 
of single-copy RM gene owners as well as in RM overex-
pressed cells. These results suggest, that the balance cre-
ated by low level of RM components is pushing the cell 
to the edge of the lethal self-digestion of host DNA, hence 
highly sensitive to any changes in protein concentrations. 
Therefore, we suggest that genome stability of the host 
bearing RM system is dependent on concentration of RM 
proteins. It was also confirmed in experiment of induc-
tion of loss of RM determinants to cause post-disturbance 
killing effects. Our results provide further insight into a 
type II R-M system maintenance and the potential conflict 
with the host bacterium.
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Tomato torrado virus was the first time identified in 
Spain in 2001. It was identified in Australia, Canary Is-
lands, Hungary, Sicily, France and in Poland. Since 2003 
we have found three isolates of this virus on greenhouse 
tomato: isolates Wal’03 (2003), Kra (2007) and Ros (2007). 
The virus causes local necrotic lesions on leaves as well 
as systemic infection including chlorosis, malformations 
and apoptosis, leading to death of host plants. Its genome 
consists of two single-stranded positive RNAs: the RNA1 
encodes one long polyprotein, that encodes characteristic 
functional domains of protease cofactor, protease, heli-
case and RNA-dependent RNA polymerase, the RNA2 
encodes ORF1 protein with no specified functions and a 
polyprotein that carries information of coat protein (CP) 
and movement protein (3A).
The aim of our study was characterization of the RNA1 
polyprotein in three Polish isolates of ToTV and com-
parative analysis with other known RNA1 polyprotein 
sequences deposited in GenBank database.
The sequence of polyproteins were determined using 
RT-PCR reaction with specific primers designed on the 
basis of the Spanish ToTV isolate sequence deposited in 
GeneBank, followed by cloning, sequencing, sequence 
comparison (BLAST) and phylogeny (MEGA 4.0). Using 
Prosite database (http://expasy.org/prosite/) we specified 
the functional domains of the polyprotein in analyzed 
ToTV isolates. Sequences analyses of polyprotein RNA1 
and its particular domains indicate very high homology 
to Spanish ToTV isolate ranging from 98–99% on the nu-
cleotide level and 99–100% of amino acid identity, and 
lower in relation to ToMarV ranging from 70–79% and 
69–98%, respectively. Moreover, our analyses indicate the 
highest similarity between two Polish isolates: Kra and 
Ros. Performed phylogenetic analysis showed high ge-
netic relation of Polish isolates of ToTV to Spanish-type 
isolate as well as close relation between isolates Kra and 
Ros confirmed the results of nucleotide and amino acid 
comparative sequence analyses. 
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Reactions of reactive oxygen species may lead to the gen-
eration of nucleoside radicals. In our study we have ana-
lyzed possible modes of dA radical reorganization, lead-
ing to formation of cyclic nucleosides.
Formation of radicals at C5’ and C8 atoms leads, through 
intramolecular cyclization, to cdA derivatives. Using 
quantum chemistry methods we have determined the 
paths of the cyclization reaction. Moreover, we have dem-
onstrated that the product which shows C5’R configura-
tion might be predominant. This may occur because of 
the lowest energetic barriers accompanying its formation, 
despite that fact that the final product is not energetically 
favored. The results of our studies are therefore consist-
ent with the experimental data. 
It seems that the prerequisite for dA cyclic nucleosides 
formation is the adoption of O4’-exo conformation by 2-
deoxyribose; however this is the least energetically fa-
vored conformer among the forms adopted by the furan-
ose ring. This conformation was observed in each of the 
discussed mechanisms. Thus, in the natural, environment 
participation of nucleosides with this sugar conformation 
will be marginal, so levels of various cyclic cdA forms: 
(S)cdA, (R)cdA should be equally small.
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Type II restriction-modification (R-M) systems are com-
mon in prokaryots. Some genes encoding R-M systems 
are present on natural plasmids, which may facilitate the 
spread of these systems by horizontal gene transfer. As 
a model, we have chosen a plasmid pEC156 that carries 
the EcoVIII R-M (4,312 bp, GenBank AF158026). Except 
of genes coding for EcoVIII R-M system plasmid pEC156 
possesses ColE1-type origin of replication as well as cis-
acting genetic element, called bom (basis of mobility). 
ColE1 plasmids carrying bom locus can be mobilized by 
conjugative plasmids under certain conditions. However, 
despite the presence of bom locus, there is an apparent 
lack of genes coding for proteins (Mob proteins) which 
could be involved in self-mobilization of the plasmid 
pEC156. Nonetheless, we were able to observe that plas-
mid pEC156 derivatives (pIB8 and pIB9) can be mobilized 
by conjugative plasmid in E. coli cells. The efficiency of 
pIB8 (a CmR derivative of pEC156, phenotype EcoVIII 
R+M+) mobilization by F’ts114lac::Tn5 (KmR) was 1.4 × 
10–3 transconjugants per donor cell, while the efficiency 
of pIB9, a pEC156 derivative lacking EcoVIII R-M system 
was higher (7.6 × 10–3). This difference can be explained 
by the fact that pIB8 carries functional EcoVIII R-M sys-
tem. On the other hand, when mobilization experiments 
were performed in Enterobacter cloacae and Serratia marc-
escens we have observed that the efficiency of this proc-
ess was much lower. Studying the fate of F’ plasmid we 
have found that after its transfer into recipient bacteria 
the conjugative plasmid was maintained in E. coli and 
S. marcescens (50% and 30% stability, respectively) but not 
in E. cloacae. 
In the course of our studies we have found that pEC156 
derivatives can be released from E. coli cells. This poses 
question whether particles of such extracellular DNA can 
be acquired by bacteria by means of natural transforma-
tion. We decided to use a few different bacterial hosts to 
test such possibility. As a result, we have found that cells 
of E. cloacae can be efficiently transformed by pEC156 
derivatives pIB8 and pIB9 (2.4 × 10–6 and 2.2 × 10–6 per 
recipient cell, respectively). In case of S. marcescens we 
have observed for the same plasmids that efficiency of 
transformation was lower (0.1 × 10–6 and 0.65 × 10–6 per re-
cipient cell, respectively). Transformation was performed 
without using any agents (e.g. CaCl2 treatment) that can 
induce DNA uptake in bacteria. 
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Human plasma 3’-exonuclease is a soluble form of the nu-
cleotide pyrophosphatase/ phosphodiesterase 1 (NPP1), 
also known as the plasma cell differentiation antigen 
PC-1 (PC-1, EC 3.1.4.1/3.6.1.9). Although mechanism and 
substrate specificity of the 3’-exonuclease have been stud-
ied, crystallographic structure of the enzyme has not been 
determined until now. Therefore, the characterization 
of the enzymatic activity of the 3’-exonuclease towards 
several selected unmodified oligodeoxyribonucleotides  
(PO-ODNs) and their phosphorothioate analogs (PS-
ODNs) in the presence of six divalent metal ions Mg2+, Ca2+ 
(group IIA) and Mn2+, Co2+, Ni2+, Cd2+ (transition group) 
was performed. The catalytic activity of the enzyme was 
dependent on oligodeoxyribonucleotide sequence and 
the nature of the divalent metal ion used as a cofactor. In 
the presence of Mg2+, the PO-ODNs were specifically and 
efficiently cleaved with t1/2 from 5 to 40 minutes, whereas 
the exchange Mg2+ for Mn2+ caused inhibition of their 
degradation by 2–6-fold. By contrast, only enhancing ef-
fect of both Mg2+ and Mn2+ on the cleavage activity of the 
3’-exonuclease toward PS-ODNs, bearing exclusively the 
PS bonds of the RP configuration, was observed. This ef-
fect was independent on sequence of the tested PS-ODNs. 
In addition, it was found that the presence of a single SP 
linkage located at the 3’-end of RP-PS-ODN confers its 
complete resistance in human plasma, irrespective of the 
metal ion used. The results obtained provided a baseline 
for understanding of the inherent metal ion preferences 
for the 3’-exonuclease in the process of degradation of PO 
oligonucleotides and their PS analogs in human plasma, 
suggesting an important functional link between chemi-
cal groups and metal ions. 
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Detection of nucleic acids by fluorescent probes has be-
came increasingly important for many of applications 
including structural dynamic, analytical and diagnostic 
procedures as well as the interactions with many proteins 
involved in nucleic acid components metabolism. Among 
biologically active nucleic base analogues a substantial 
place is occupied by 8-azapurines, fluorescent purine 
analogues which can replace the latter in a variety of 
enzymatic processes. It has been recently reported that 
mammalian and bacterial purine nucleoside phospho-
rylase (PNP), accept 8-azaguanine as a substrate for its 
reverse, synthetic pathway. In this work it has been fo-
cused the application of 8-azaadenine, 8-azaguanine and 
8-azahypoxanthine to study the catalytic properties of 
xanthine oxidase (XO), a molybdeno-flavoprotein com-
plex involved in the last step of degradation of purine nu-
cleosides and nucleotides. XO catalyzes the oxidation of 
hypoxanthine to xanthine and subsequently to uric acid, 
which is the final product of purine catabolism in men. 
The enzymatic assays have been performed in the pH 
range 7–9. In all experiments the investigated compounds 
exhibited inhibitory properties towards XO.To study the 
interactions of 8-azapurines with the enzyme, fluorimet-
ric titration has been performed. Dissociation constants 
have been estimated in phosphate buffer at pH 8.2, where 
the three 8-azapurines exist in monoanionic forms. In 
these conditions 8-azaguanine has very strong inhibitory 
properties (with Kd value in nanomolar range), whereas 
8-azaadenine and 8-azahypoxanthine are less effective in-
hibitors. On the basis of the spectroscopic study a model 
of XO interactions with 8-azapurines are proposed and 
implications of these data for studying purine metabo-
lism are discussed.
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DNA replication initiation in all replicons, prokaryo-
tic and eukaryotic, depends on the initial destabilization 
(opening) of the double helix and its further unwinding 
by appropriate helicases. The process takes place in a dis-
tinctive region containing a higher than average number 
of adenine and thymine residues — the AT-rich region. In 
plasmid replicons, as in RK2 plasmid, the origin melting 
usually involves activity of the host-encoded replication 
initiator DnaA and a plasmid-encoded Rep protein, TrfA 
in case of the RK2 plasmid. Subsequently, a host helicase 
is required to be positioned on the separated strands of 
the DNA helix to proceed with the DNA unwinding. It 
was shown that the E. coli DnaB helicase forms a com-
plex with DnaC protein and as such is delivered to the 
replication origin. Our results demonstrate that after the 
complex is initially recruited at the DnaA-box sequences 
of the plasmid oriV origin, it is translocated to the AT-
rich region depending on the presence and activity of the 
plasmid initiator protein TrfA, its interplay with the E. 
coli initiator DnaA and on the sequence specificity of the 
unwound region. We show that during this process com-
plex nucleoprotein rearrangements take place involving 
the DnaA and DnaC proteins.
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Enolase-superfamily is characterized by the presence of 
an enolate anion intermediate that is created in process of 
abstraction of the alpha-proton from the carboxylate sub-
strate by an active site residue and is further stabilized by 
coordination to the essential Mg2+ ion. Although differ-
ences in members amino acid sequences are distinct, all 
enzymes share the core mechanism of chemical reaction 
and a requirement of a divalent metal ion. 
This study continues our previous research on enolase 
superfamily and is focused on analysis of amino acid se-
quences of two family members — mandelate racemase 
and muconate lactonizing enzyme, in order to establish 
their phylogeny, predict their secondary structure and 
find possible substitution sites. Amino acid sequences 
were aligned in Clustal, phylogenetic trees were con-
structed in MEGA4 software. Sequence analysis were 
performed with ProtScale, PredictProtein and GOR4.
Examined molecules demonstrate a small degree of 
primary structure similarity with enolase. Phylogeny 
shown on trees indicate structural diversity of super-
family, pointing on mandelate racemase as evolutionary 
oldest family member contrary to muconate lactonizing 
enzyme. Mandelate racemase includes less alpha-helices 
compared to enolase (37% to 47%, unevenly distributed) 
and greater number of random coils (44% to 39%). Muco-
nate lactonizing enzyme is characterized by slight lower 
(about 2%) content of alpha-helices and random coils as 
enolase, with alpha helices spread along whole molecule. 
Results shown, together with previous analysis, broaden 
our knowledge about enolase superfamily and might 
prove useful in further research on molecular modeling.
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Background: Brain ischemic stroke is an extremely rare 
disease in children. The genetic factors may be important 
in the pathogenesis of childhood stroke. The dysfunction 
of the endothelium plays a key role in the progression of 
atherosclerotic lesions. The E-selectin is a marker of en-
dothelial dysfunction. The best known E-selectin ligand 
is the sialylated Lewisx antigen. Binding to sLex and to the 
other carbohydrate structures (like sulfated proteoglycans 
or heparin), that are found on the surface of neutrophils 
and monocytes, is thought to be a preliminary step in the 
recruitment of leukocytes to the regions of tissue dam-
age or inflammation. The aim of the present study was to 
analyze whether there is any significant transmission of 
the polymorphic variants of 561A>C and 98G>T polymor-
phisms within E-selectin gene from heterozygous parents 
to their children after ischemic stroke. 
Methods: We studied 113 individuals, including: 38 chil-
dren after ischemic stroke and their parents (n=75). The 
age of the patients at an acute phase of IS ranged from 
6 months to 18 years. The diagnosis of ischemic stroke 
was established according to the WHO classification. The 
analysis of 561A>C and 98G>T polymorphisms was per-
formed with PCR-RFLP method. Data were analyzed us-
ing Statistica 7.1 and EpiInfo softwares. The transmission 
analysis of polymorphic variants from the heterozygous 
parents to their affected offsprings was performed using 
the transmission/disequilibrium test (TDT). 
Results: We found that the frequency of transmission of 
the 561C and 98T alleles of E-selectin gene did not dif-
fer from the frequency of the 561A and 98G alleles trans-
mission. We observed a strong significant correlation be-
tween those two polymorphisms. Subjects possessing at 
least one 561C allele of 561A>C polymorphism also had 
at least one 98T allele of 98G>T polymorphism (r=0.97, 
P<0.001).
Conclusions: The 561A>C or 98G>T polymorphisms of 
E-selectin gene seem not to be associated with ischemic 
stroke in Polish children. Further studies are needed.
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Genome analysis is one of the key problems of modern 
bioinformatics because of the large amounts of data to 
be processed and also because of difficulties with data 
gathering. We have developed a user-friendly computer 
application that allows to automatically gather and store 
the most up-to-date mRNA sequences of specified genes. 
All the database management algorithms are packed into 
a single tool with a simple graphical user interface that 
makes the program accessible to everyone. The tool can 
automatically download entire mRNA sequences of thou-
sands of genes, from the Reference Sequence database 
published by European Molecular Biology Laboratory 
(EMBL), with a single push of a button and enables ex-
traction of only specific parts of the sequences such as the 
coding sequence or 3’/5’ un-translated regions, and also 
searching for sequence motives. Sequences of interest 
can be obtained based on either gene symbol, Reference 
Sequence ID, UniGene ID or Affymetrix Probeset ID and 
exported to any other application at any moment even if 
the downloading process for all the genes is not yet fully 
completed. This tool was used to compare the nucleotide 
composition of over 100 mRNA transcripts that are en-
gaged in stimulation or inhibition of apoptosis. Both 
groups did not significantly differ in nucleotide composi-
tion, but the genes coding for proteins that inhibit apop-
tosis were characterized by longer mRNAs and the pres-
ence of higher number of miRNA-specific motifs.
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The MboII restriction-modification (R-M) system of 
Moraxella bovis ATCC 10900 consists of a restriction endo-
nuclease and two methyltransferases genes. The enzymes 
encoded by this system recognize an asymmetric se-
quence 5’-GAAGA-3’/3’-CTTCT-5’. Both complimentary 
strands are completely different in respect to the type of 
bases which can be potentially modified. In the top strand 
of the MboII site only the adenine residues can be the tar-
get of methylation, while in the bottom strand it is the cy-
tosine residues. M1.MboII modifies the last adenine in the 
recognition sequence 5’-GAAGA-3’ to N6-methyladenine. 
A second methylase — M2.MboII modifies the internal 
cytosine in the recognition sequence 3’-CTTCT-5’ yield-
ing N4-methylcytosine. The presence of two methyltrans-
ferases responsible for the recognition and methylation 
of strand-specific sequences would be advantageous for 
bacterial cells, because nascent strands generated during 
DNA replication can be simultaneously protected from 
an attack of site-specific endonucleases. Both methyl-
transferases MboII act on 5’-GAAGA-3’/3’CTTCT-5’ sites 
in double-stranded DNA, however, M2.MboII can also, 
with comparable efficiency, modify the specific targets in 
single-stranded DNA. The specific activity of M2.MboII 
for double and single-stranded DNA is almost the same. 
It was found that the isomethylomer M2.NcuI from Neis-
seria cuniculi ATCC 14688 behaves in the same manner. 
The primary biological role of M2.MboII and M2.NcuI 
may be in the facilitation of the natural transfer of plas-
mid DNA between strains by the transformation pathway 
in which incoming plasmid DNA is in a single-stranded 
form. This is in accordance with experiments performed 
with natural competent members of the genera Morax-
ella and Neisseria, which also demonstrated that single-
stranded DNA can transform these bacteria. Subcloning 
experiments indicated that M1.MboII alone is sufficient 
to support the growth of E. coli cells carrying the R.MboII 
gene; this could not be demonstrated for M2.MboII. 
These differences in enzymatic properties of M1.MboII 
and M2.MboII may contribute to the distinct functions of 
these enzymes in vivo.
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Multidrug resistance (MDR) of cancer cells to chemother-
apeutic agents is a major clinical problem and a frequent 
cause of treatment failure in cancer patients. One impor-
tant mechanism of resistance involves transporter P-glyc-
oprotein (P-gp), which confers upon cells the ability to re-
sist doses of drugs by pumping the drugs out of the cells 
and thus reducing their cytotoxicity. In the present study 
we compared the effect of aclarubicin (ACL) and doxoru-
bicin (DOX) on most popular solid tumor among women 
- breast adenocarcinoma (MCF-7 cell line). The aim of this 
work was to determine whether P-gp plays an important 
role in limiting anthracycline treatment efficacy. We stud-
ied the intracellular accumulation of both drugs with the 
P-gp inhibitor verapamil and kinetics of uptake of P-gp 
substrates, Rhodamine 123 (Rh 123) and JC-1 (5,5’,6,6’-
tetrachloro-1,1’,3,3’tetraethylbenzimida- zolcarbocyanine 
iodide) in relation to cytotoxicity of these drugs. We eval-
uated also the level of P-gp expression by labeling cells 
with the monoclonal antibody UIC2. Our results indicat-
ed that ACL is considerably more cytotoxic to the MCF-7 
cells than DOX. We also observed the significant differ-
ences in the intracellular accumulation of ACL and DOX. 
Simultaneous treatment of the MCF-7 cells with ACL or 
DOX and verapamil led to marked increase in the accu-
mulation of DOX only. Moreover, expression of P-gp was 
not correlated with the sensitivity of MCF-7 cells to the 
tested anthracyclines. In conclusion, we demonstrate that 
aclarubicin was a poorer substrate to P-glycoprotein in 
comparison to doxorubicin. These findings suggest that 
ACL may have clinical relevance as an alternative strat-
egy in treaatment of DOX-resistant MCF-7 cells.
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