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Biocatalysis of phosphate transfer: can detailed 
mechanistic knowledge aid drug design?

G. Michael Blackburn, Jonathan P. Waltho

Department of Molecular Biology and Biotechnology,  
Sheffield University, Sheffield, England
e-mail: George M. Blackburn <g.m.blackburn@sheffield.
ac.uk>

The activities of 60% of all proteins are regulated by phos-
phorylation by kinases and dephosphorylation by phos-
phatases. Their control by inhibitors of kinases or phos-
phatases is a major target for biotechnology. However, 
phosphoryl transfer the most difficult of all reactions cat-
alysed by enzymes and is the subject of intensive mecha-
nistic and structural analysis. The effective acceleration of 
phosphate monoester hydrolysis by monoesterases is es-
timated to be close to 10E21 (10E17 for tyrosyl phosphate) 
[1]. Several hundred x-ray structures of kinases and 
phosphatases have been described. Although they have 
recently been applied to inhibitor design [2], they have 
contributed less than expected to the mechanisms of phos-
phoryl transfer. A major problem is the inherent failure of 
x-ray diffraction reliably to identify atomic species within 
complex protein-ligand structures [3]. That problem was 
first resolved for a small G-protein by a combination of 
protein structure and PIXE analysis [4] but the method is 
has not been extended. We have therefore turned to high 
resolution 19F NMR to analyse the trifluoromagnesate 
(MgF3–) and tetrafluoroaluminate (AlF4-) complexes of a 
kinase and a phosphatase to identify the mechanism of 
enzyme catalysed phosphoryl transfer at atomic resolu-
tion [5]. While our results confirm the broader outlines 
of previous mechanistic proposals, they reveal the subtle 
features of the recognition and very tight binding of these 
enzymes to the transition states of the reactions they cata-
lyze [6]. By contrast to the fragment approach to inhibitor 
design [2], these studies can be applied to a “top-down” 
design of inhibitor molecules for analogues both of nu-
cleotides and of phosphopeptides. Some of these designs 
will be described in the presentation.
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Cell-based in vitro assays for 
ADMET drug profiling
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For the last decade methods for testing biological activi-
ties of chemicals in vitro have made impressive progress. 
Particularly assays employing cultured cells became 
highly reproducible, automated and miniaturized allow-
ing for their incorporation into high throughput screen-
ing and are now frequently employed as method of pri-
mary screening of large chemical libraries. Cells used 
in these assays could be genetically modified to obtain 
better sensitivity and selectivity. Cultured cells either un-
modified or genetically modified are also invaluable in 
screening chemicals for pattern of their activities known 
as ADMET that together with interaction of tested com-
pound with therapeutic targets determine the final thera-
peutic usefulness of the developed compound. Almost 
all compound’s characteristics required for determina-
tion of its ADMET profile could be to certain degree pre-
dicted with specialized in vitro assays. Cell-based assays 
are especially important for prediction of toxicity and in 
vitro toxicity screening becomes now important part of 
preclinical drug development process. This includes not 
only screening for acute toxicity but also for more subtle 
and difficult to assess type of toxicity such as reproduc-
tive toxicity, neurotoxicity, and immunotoxicity. We have 
developed and prevalidated methods for immunotoxic-
ity screening that is based on genetically modified lym-
phocytes. This technique is automated, require minimal 
amount of tested substance and is suitable for ADMET 
profiling of novel compounds. 
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Occurrence of natural products in 
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Ergoline (i.e. ergot) alkaloids are a group of physiologi-
cally active natural products occurring in taxonomically 
unrelated fungal and plant taxa, Clavicipitaceae and 
Convolvulaceae. The disjointed occurrence of ergoline 
alkaloids seems to contradict the principle of chemotax-
onomy that identical or at least related natural products 
occur in taxonomically related organisms.
This question has now been resolved by the observation 
that some dicotyledonous plants belonging to the family 
Convolvulaceae such as Ipomoea asarifolia and Turbina co-
rymbosa carry epibiotic fungi. The fungi present on dif-
ferent plant species are not identical albeit taxonomically 
closely related clavicipitaceous fungi. 
Thus, the presence of ergoline alkaloids in dicotyledo-
nous plants is not based on their capacity to synthesize 
ergoline alkaloids but rather on the ability to live in a 
symbiotic association with ergoline alkaloid producing 
fungi. These fungi carry genes known to be responsible 
for ergoline alkaloid biosynthesis. The gene (dmaW) en-
coding the determinant step in ergoline alkaloid biosyn-
thesis has been overexpressed and the resulting enzyme 
characterized.
The fact that important natural products are not only 
present in higher plants but are also produced by plant 
associated microorganisms has also been made for cyto-
static compounds such as paclitaxel, vincristin and camp-
tothecin.
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Biosynthesis and biotechnology of 
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Hyperforin and garcinol are well-known representatives 
of polyprenylated acyl and benzoylphloroglucinols, re-
spectively. The bridged polycyclic compounds possess 
both challenging chemical structures and intriguing phar-
macological properties. Due to this combination, they are 
attractive compounds for biotechnological research. The 
skeletons of acyl and benzoylphloroglucinols are formed 
by type III polyketide synthases (PKSs), such as isobuty-
rophenone synthase and benzophenone synthase (BPS). 
PKS cDNAs were cloned and the recombinant proteins 
functionally expressed in E. coli. Residues of the active 
site cavity of BPS were subjected to site-directed muta-
genesis. A single amino acid substitution altered both 
substrate and product specificities and transformed BPS 
into phenylpyrone synthase, a novel PKS. This change 
in functional behavior was rationalized by homology 
modeling. Monospecific antibodies were used for im-
munofluorescence studies which demonstrated that BPS 
is associated with large translucent glands in Hypericum 
perforatum. In tissue cultures of this medicinal plant, a dif-
ferential accumulation of hyperforin and secohyperforin, 
which lacks a C5 unit, was induced by changes in the hor-
mone composition of the nutrient medium. Polyprenyla-
tion of the skeletons of acyl and benzoylphloroglucinols 
and the concomitant cyclization of the prenyl side chains 
result in the formation of the complex caged compounds. 
The first prenylation step of hyperforin biosynthesis is 
catalyzed by a soluble and Fe2+-dependent dimethylal-
lyl transferase, for which a cDNA is being cloned. Also, 
transformation and regeneration protocols for H. perfora-
tum are being established. These efforts will lay the foun-
dation for metabolic engineering of acyl and benzoyl-
phloroglucinol biosyntheses. Besides polyprenylation, 
simple benzophenones can undergo intramolecular cycli-
zation to give xanthones. These regioselective oxidative 
phenol coupling reactions are catalyzed by cytochrome 
P450 enzymes. Benzoyl-CoA-derived polyketides also in-
clude biphenyls which serve as phytoalexins of apple and 
pear. Biphenyl synthase (BIS) and BPS form the same lin-
ear tetraketide but then catalyze aldol condensation and 
Claisen condensation, respectively. In a phylogenetic tree, 
BIS and BPS grouped together closely. When incubated 
with o-hydroxybenzoyl-CoA, BIS catalyzed the formation 
of 4-hydroxycoumarin.
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Engineering of plant secondary metabolite 
pathways in microorganisms 
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Plants provide a treasure of secondary metabolites with 
medicinal or neutraceutical value, e. g. Vinca indole alka-
loids or various phenylpropanoid compounds including 
flavonoids. These compounds often can not be exploited 
adequately because of quantitative and other limitations. 
Additionally, only a few of these bioactive compounds 
are produced commercially as pure compounds in vari-
ous quantities (Ververidis et al., 2007). The use of cell cul-
tures had been considered for production purposes, but 
failed mostly due to poor performance and cost-benefit 
relations. Therefore, industrial scale production in bio-
reactor systems was only achieved for some few exam-
ples due to several bottlenecks like long and complicated 
pathways, complex regulation mechanisms and the over-
all economic feasibility of such techniques. The progress 
in understanding the genetics, biochemistry and molecu-
lar biology of plant secondary metabolism pave the way 
to novel approaches, such as “metabolic engineering” 
and “molecular pharming”. Detailed knowledge of the 
biosynthesis of selected metabolites, however, enables the 
heterologous expression of multi-step pathways for the 
improvement of food plants or the production of specific 
compounds in both prokaryotic and eukaryotic microor-
ganisms, which attributes a bottle-neck role to the char-
acterization of relevant enzymes and genes. Producing 
natural compounds in engineered microorganisms has 
several economic and qualitative benefits, as high yields 
of a specific product, easy and nearly unlimited techni-
cal up scaling, simple down stream processing, access 
also to high complex pathways and compounds. Several 
compounds with high additive value such as isoprenoids 
and polyketides, flavors and fragrances, terpenoids and 
flavonoids could be the end products of such bioconver-
sions. Prominent examples are the recent production of 
morphin alkaloids or the preparative formation of vari-
ous flavonoids in E. coli. Recent progress concerning the 
production of flavonoids in E. coli and yeast cells is pre-
sented with special emphasis on the regulation of the 
metabolic grid, and the perspectives of this approach are 
summarized. 
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Plant biotechnology for propagation, 
conservation and quality improvement 
of medicinal plants
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Medicinal plants play an essential role in both traditional 
and modern healthcare systems. Since some decades an 
increasing interest in herbal medicinal products can be 
observed in industrialized countries. Not only are more 
and more highly standardized phytopharmaceuticals 
available, but there is also a strong trend towards other 
systems like e.g. Traditional Chinese Medicine or Ayurve-
da. The majority of the used species are still collected from 
the wild habitats. As a result many medicinal plants have 
become rare or even endangered (Lange, 1998). Defor-
estation, erosion, or alterations of the habitat also contrib-
ute to a continuing loss of plant populations. While this 
situation is particularly distinct in developing countries 
like e.g. Nepal with its wealth of partly endemic species 
(Shrestha & Joshi, 1996), some 150 species are threatened 
in one or more European countries, too (Lange, 1998).
It has been realized that a considerable reduction of 
the still dominant exploitation of natural resources and 
a shift to increased field culture is urgent (Pank, 1997). 
Plant tissue culture can help in the conservation of con-
cerned taxa. The “classical” micropropagation techniques 
are of interest when propagation by conventional meth-
ods (seeds, cuttings etc.) is slow or otherwise inefficient: 
In vitro- (clonal) propagation would make it possible to 
produce large amounts of plants for subsequent field cul-
ture. Plantlets from tissue culture are genetically uniform 
and thus yield crude drug material of homogenous qual-
ity. The integration of plant tissue culture can thus result 
in quality enhancement of medicinal plants and prepara-
tions. At the level of field culture a first standardization 
of the product is possible, problems with inhomogenous 
material and availability of medicinal plants can be avoid-
ed. Some examples on the use of in vitro-propagation for 
the production of defined medicinal plant material will 
be presented.
The domestication of medicinal plants which at present 
are collected from the wild is increasingly necessary for 
reasons of plant protection and crude drug standardisa-
tion. The application of plant tissue culture can help to 
make the whole procedure more efficient.
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Sesquiterpene lactones and their biosynthesis 
in tissue culture of some Asteraceae
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Sesquiterpene lactones are plant secondary metabolites 
distributed mainly within the Asteraceae, although they 
have been also isolated from higher plants of Apiaceae, 
Magnoliaceae and Lamiaceae families, liverworts and some 
fungi. Over 7000 structures of sesquiterpene lactones have 
been described. They are divided into several types on 
the basis of the structure of their carbon skeletons. Recent 
findings concerning the biosynthesis of sesquiterpene 
lactones have shown that the compounds may be syn-
thesized in both “classical” mevalonate pathway in the 
cytoplasm, and non-mevalonate (DXP or MEP) pathway 
in plastids. Initially, an interest in the pharmacological ac-
tivity of sesquiterpene lactones has been focused on their 
antitumour and cytotoxic activities. An ecological role of 
the compounds as insect antifeedants and allelochemicals 
has been also extensively investigated. A discovery of the 
molecular mechanism of their anti-inflammatory activity 
as inhibitors of the transcription factor NF-κB, in 1990s, 
has brought about elucidation of the therapeutic effects 
exerted by some herbal remedies, e.g.: arnica, chamomile 
and feverfew. Some of sesquiterpene lactones are of an 
economic importance. A pharmaceutical industry creates 
an increasing demand for artemisinin — a substrate for 
the production of antimalarial drugs useful in the treat-
ment of chloroquine-resistant malaria. An application 
of some sesquiterpene lactones in the therapy of hepa-
titis C has been patented recently. An interesting range 
of biological activities of the compounds, as well as their 
present and potential role as therapeutic agents, have 
been a prerequisite for many approaches of obtaining the 
valuable compounds, in substantial amounts, either by 
a chemical synthesis or by an application of biotechno-
logical methods to improve the productivity of a plant 
material. A short overview of recent research on the phar-
macological activity and biosynthesis of sesquiterpene 
lactones and their production in plant tissue cultures will 
be presented.
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Phytoestrogens-from retrobiosynthesis 
to genetic engineering and from 
callus to bioreactor instalations
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Phytoestrogens and especially isoflavones have been the 
focus of interests of plant physiologists, biotechnologists, 
pharmacologists and clinicians [1,2]. These compounds 
have been classified in the phytoalexin group and they 
are analysed as such in research on defence mechanism 
used by plants. Moreover isoflavones have exceptionally 
interesting, multidirectional therapeutic properties [1]. 
In addition to anti-inflammatory, antifungal and anti-
free-radical activity, they also have features typical for 
compounds which inhibit oestrogen β receptors. For this 
reason they are recommended in menopause symptom 
treatment. Moreover, some consideration is given to the 
possible using isoflavones in the prevention and treat-
ment of cancer diseases dependent on the hormonal bal-
ance within the body. Predominantly limited to soy-bean 
products, the natural sources of isoflavones do not permit 
mass production of substantial amounts of these com-
pounds [1]. Therefore, in recent years a very few reports 
dealing with biotechnological research indicated the pos-
sibility of using in vitro cultures of certain species of the 
Fabaceae family for large scale production of phytoestro-
gens [2]. The biosynthesisof isoflavonoids is stimulated in 
in vitro cultures by using both traditional, as well as more 
advanced biotechnological strategies. Such procedures 
could be mentioned, as the modification of the basic com-
position of the experimental medium and the regulation 
of the growth conditions by controlled lighting and tem-
perature. The natural enzymatic potential of the investi-
gated biomass is also used to induce broadly understood 
bioconversion with the use of direct and indirect precur-
sors, in order to obtain the final product. The biosynthesis 
of phytoestrogens in plant cell is regulated using a wide 
range of biotic and abiotic elicitors [2]. The metabolism of 
isoflavones is also investigated using transgenic biomass 
obtained through genetic transformation with wild or 
pre-designed strains of bacteria or particle bombardment 
[2]. The following presentation, based on current litera-
ture reports, presents the impact of the particular growth 
strategies on the biosynthesis and metabolism of phytoes-
trogens, of isoflavone origin, in in vitro plant cultures.
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a need for Biosimilars?
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After the marketing authorisation of recombinant human 
insulin in 1982 this new class of protein drugs manufac-
tured with the aid of gene technology has grown dramati-
cally reaching a number of nearly 135. Meanwhile pat-
ents of the early developed recombinants expired and the 
question was raised, whether generic copies could be ap-
proved as is regularly the case for low molecular weight 
products.
Initially this was generally denied, since the active drug 
substances are never (even not naturally as highly active 
biomolecules) homogeneous sets of molecules, which 
can be readily described in terms of defined chemical 
and physical parameters. Instead they are always by na-
ture complex mixtures of structural isoforms either due 
to slight molecular modifications — especially when the 
proteins are posttranslationally modified — or with re-
spect to structural modification within a population of 
chemically identical molecules due to the formation of 
aggregates or partly denatured fractions. Based on this it 
was rationalized that an acceptable degree of reproduc-
ibility form batch to batch could only be reached if the 
manufacturing process in every detail is highly specified 
and standardized. The term “the process is the product” 
was coined, which means, that recombinant drugs are not 
just defined by physical and chemical parameters but also 
by the special process which leads to these drugs.
Consequently European regulators recognized years ago 
that follow-on biotech drugs cannot be regulated in the 
same way as their small-molecule counterparts. Dur-
ing the five-year process of formulating the legislation, 
EMEA conceded that exact copies are impossible, and the 
agency made that explicit by ditching the term biogeneric 
in favor of biosimilar.
Meanwhile a legal framework has been established and 
the first seven biosimilars (2 of the human growth hor-
mone somatropin and 5 of human erythropoetin) gained 
marketing authorization.
Moves to create a US regulatory process for generic ver-
sions of biopharmaceuticals that are coming off patent 
were put on hold in November last year. That leaves Eu-
rope in the unfamiliar position of having outpaced the 
US; it has become the first regulated pharmaceuticals 
market to have an approvals system for biogenerics. If it 
can build on that position, there is much to gain, both in 
terms of savings for hard-pressed healthcare systems and 
in the development of a European biogenerics sector.
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Bioavailability enhancement by pharmaceutical, 
industrially feasible nanocarriers: from 
the academic idea to the market
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Many different nanocarriers have been developed in 
pharmacy. Most of them originate from academic research 
groups — proving the importance of academic research 
as a stimulus for industrial developments. However, only 
a limited number of these nanocarriers made it to reach 
the pharmaceutical market, or at least entering clinical 
phases. Reasons for this are that many academic research-
ers focus on the functionality from the academic perspec-
tive, but do not simultaneously consider to the necessary 
extend industrial pre-requisites for a final product. These 
are toxicity of the carriers, regulatory accepted status of 
excipients, and the possibility to produce them on large 
industrial scale. Production lines need to be acceptable by 
the regulatory authorities (i.e. can be qualified and vali-
dated) and should be cost-effective. Typical examples of 
non acceptable carriers are investigations to use non-bio-
degradable, cytotoxic fullerenes or carbon nanotubes for 
drug delivery.
In this presentation two case studies are presented for 
successful introduction of two nanocarrier systems to the 
market/clinical phases: the drug nanocrystals and the li-
pid nanoparticles (SLN, NLC).
The drug nanocrystals are nanoparticles being composed 
of 100% drug (no carrier matrix material). They were de-
veloped in parallel by the company Nanosystems in the 
US (production by pearl milling) and our research group 
in Germany (production by high pressure homogenisa-
tion) at the beginning of the 1990ies. Within less than one 
decade the first nanocrystal pharmaceutical product en-
tered the market. Drug nanocrystals are a carrier system 
for poorly soluble drugs, also for poorly soluble bio drugs 
from plants or biotechnological processes. Around 2000, 
the second generation of drug nanocrystals was devel-
oped by Müller et al., the so called smartCrystals, now 
being the nanocrystal technology of Abbott Laboratories/
US. In 2007 the first cosmetic products based on smart-
Crystals entered the market (Juvena/La Prairie Group).
Polymeric nanoparticles were invented in the middle of 
the 1970ies, however in 30 years of research there are no/
little pharmaceutical products for therapy. The lipid na-
noparticles were developed as an alternative to polymeric 
nanoparticles. The polymer was replaced by a solid lipid 
(Solid Lipid nanoparticles — SLN) or a solid lipid blend 
(Nano Lipid Carriers — NLC). About 30 cosmetic prod-
ucts are world wide on the market, and pharmaceutical 
products are going to clinical phases.
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Novel strategies for peptide delivery
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Biotechnological molecules, such as peptides, proteins 
and genetic materials represent the most promising 
drugs in the pharmacological armamentarium of the next 
future. Unfortunately, all these potential medicines expe-
rience serious physico-chemical and pharmacokinetic is-
sues (i.e., in vitro and in vivo instability, rapid clearance, 
low membrane permeation) that strongly limit their pas-
sage from the bench to the bedside. Many of these prob-
lems may be solved by formulating active compounds 
in micro- and nanocarriers able to protect drugs and to 
modify their pharmacokinetics. Our experience in this 
field includes the development of new loading proce-
dures and different carrier systems for protein and pep-
tide delivery. Capreomycin, an antitubercular peptide, 
was successfully encapsulated within liposomes and suc-
cessively formulated as dry powder for inhalation. The 
peptide was also embedded in polymeric large porous 
particles, produced without pore forming agents, using 
a novel version of the solvent evaporation technique. In 
both cases the produced formulations were suitable for 
pulmonary administration, route with a great potential in 
improving tuberculosis therapy. Other innovative formu-
lation strategies have been successfully applied to Capre-
omycin to increase particle loading and ensure good 
aerodynamic characteristics. To ameliorate the not very 
exciting loading obtained with conventional methods, a 
novel preparation strategy has been successfully pursued 
and a higher entrapment has been achieved. Cycloserine, 
another antibiotic used in the treatment of tuberculosis, 
has been fruitfully encapsulated in biodegradable micro-
particles by using the same procedure. Moreover Insulin, 
used in the treatment of diabetes mellitus, was success-
fully encapsulated in a new biodegradable composite mi-
crocapsule, made of small alginate particles embedded in 
PLGA matrices. The composite system was able to protect 
the peptide during the encapsulation procedure and to 
release it in a sustained manner. The aforementioned sys-
tems are examples of novel formulation strategies able to 
valorize the enormous therapeutic potential of proteins, 
peptides and other pharmacological active molecules 
produced through biotechnological processes.
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Correct laser size analysis in the nano 
range: prerequisite for successful 
formulation and product development
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Particle sizing is one of the most important parameters, 
when characterizing particles.  For the analysis of nano-
particles dynamic light scattering is the most frequently 
applied technique. The advantage of dynamic light scat-
tering is the accurate analysis, however being only pos-
sible for samples in the size range between approx. 3–
3000 nm. Therefore the detection of larger particles (e.g. 
agglomerates or larger crystals) is not possible. Thus in 
practice also an additional technique being able to detect 
larger particles needs to be applied. Laser diffractometry 
has an advantage over all other sizing techniques because 
of its outstanding broad measuring range, which enables 
the analysis of very small particles together with very 
large particles in only one measurement. Therefore for a 
complete characterisation both techniques should be ap-
plied.
However there are pre-requisites to achieve reproducible 
and correct results.
The stability of the sample during the measurement is 
the most important pre-requisite. In case of nanocrystals, 
special caution must be paid to dissolution effects upon 
dilution of the sample. Dissolution effects in a measuring 
cell are not reproducible; therefore to gain valid data, any 
dissolution during a measurement must be avoided.
Laser diffractometry needs correct optical parameters for 
the analysis of sub micron particles. These parameters in-
fluence the particle size, the width of the distribution as 
well as the all over particle size distribution in a very pro-
nounced way. Therefore the analysis using guessed op-
tical parameters or even Fraunhofer approximation will 
lead to incorrect results, which might lead to a failure by 
the interpretation of these data.
In addition, larger particles besides a small sized fraction 
might be overseen by the LD instrument, because addi-
tional techniques (e.g. PIDS in case of the LS 230) overes-
timate the presence of smaller particles. Therefore special 
caution must be paid to this problem, because in most of 
the cases the interest is the detection of possible larger 
particles besides a smaller main population. 
All these problems can be overcome. Dissolution can be 
avoided using saturated media. The optical parameters 
can be assessed, even for solid compounds, by measuring 
the refractive increment dn/dc and an ensured detection 
of larger particles is possible by excluding the additional 
techniques from the laser diffraction measurement.
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Aspects of taxane production in 
Taxus in vitro cultures

Maria Mercedes, Bonfill Baldrich

Faculty of Pharmacy, University of Barcelona
e-mail: Mercedes Bonfill <mbonfill@ub.edu>

Taxol is a compound with intense antitumoral activity ex-
tracted from the Taxus species. However, the difficulty in 
obtaining this compound from yew trees has limited its 
clinical use. An alternative approach for the production of 
taxol and related taxanes is the use of cell cultures. Taxol 
production via cell cultures derived from different Taxus 
species is a commercial reality, achieved empirically by 
the selection of highly productive cell lines, the optimi-
sation of growth and production media and, above all, 
by the use of elicitors to induce secondary metabolism. 
However, little is known about how the biosynthesis of 
secondary compounds is regulated or about the elici-
tors’ mechanism(s) of action. To improve the biological 
production of secondary metabolites, such as taxol, it 
is necessary to understand the relevant biosynthetic 
pathway(s) and to know which enzymes catalyze the 
sequence of reactions, especially the slow steps, and the 
genes encoding these enzymes. As Taxol has a diterpenic 
structure its biosynthesis starts in the formation of iso-
pentenyl diphosphate (IPP), as in all natural terpenoids. 
In plants IPP is synthesized via two pathways. In order to 
know the origin of the IPP involved in the biosynthesis 
of Taxol and Baccatin III in our cell cultures it is neces-
sary to study the contribution of the two pathways to the 
formation of the taxane ring system. To accomplish this 
we have used two inhibitors: mevinolin, which blocks the 
mevalonate pathway inhibiting the synthesis of cytosolic 
IPP, and fosmidomycin that blocks the non-mevalonate 
pathway inhibiting the synthesis of plastidic IPP. We can 
conclude that fosmidomycin reduced the biosynthesis of 
both taxanes more than mevinolin. This suggests that the 
main route leading to the biosynthesis of taxanes, in our 
cell cultures, is the non-mevalonate pathway. However, 
as the reduction of both taxanes is not total, it also sug-
gests that both pathways could be involved. We have also 
studied the effect of the elicitor methyl jasmonate (MeJA) 
on the expression pattern of genes codifying for two key 
enzymes of the taxane biosynthesis: the deoxyxilulose 
synthase gene (ds), which codifies for the first enzyme of 
the non-mevalonate pathway, and taxadiene synthase (ts) 
gene that controls the first step in the taxane skeleton for-
mation. Our results show that MeJA affects the expression 
levels of the ts gene, thus improving taxol production.
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Pro-apoptotic activity of plant 
derived naphtoquinones 
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The objective of this research was to evaluate the cyto-
toxic activity of naphthoquinone: plumbagin and ramen-
taceone on the human tumour cell lines and to determine 
whether cell death induced by them is mediated through 
the induction of apoptosis. Reactive oxygen species (ROS) 
have been recognized as key molecules, which can selec-
tively modify proteins and therefore regulate cellular sig-
nalling including apoptosis. 
Plumbagin exhibiting antitumor activity against HL-60 
(IC50 2.7 mg/ml), is known to generate ROS and has been 
found to inhibit the activity of topoisomerase II (Topo II) 
through the stabilization of the Topo II-DNA cleavable 
complex. As determined by the comet assay, plumbagin 
induced DNA cleavage in HL-60 cells, whereas in a cell 
line with reduced Topo II activity — HL-60/MX2, the 
level of DNA damage was significantly decreased. The 
pretreatment of cells with N-acetylcysteine (NAC) atten-
uated plumbagin-induced DNA damage, pointing out to 
the involvement of ROS generation in cleavable complex 
formation. These results suggest that plumbagin-induced 
ROS does not directly damage DNA but requires the 
involvement of Topo II. The induction of apoptosis was 
significantly delayed in HL-60/MX2 cells indicating the 
involvement of Topo II inhibition in plumbagin-mediated 
apoptosis. Thus, these findings strongly suggest ROS-me-
diated inhibition of Topo II as an important mechanism 
contributing to the chemopreventative properties of 
plumbagin.
Ramentaceone also exhibited high cytotoxic activity, 
with the highest activity observed against leukemic line 
HL-60 (IC50 1.5 mg/ml). HL-60 cells undergoing apopto-
sis indicated typical morphological features, such as cell 
shrinkage, nuclear condensation and DNA fragmentation 
(measured by comet assay). The treatment of cells with 
ramentaceone induced an increase in the sub-diploid 
DNA content, a loss in membrane phospholipid assym-
etry determined by the externalization of phosphatidyl-
serine as well as a loss in mitochondrial membrane poten-
tial. Naphthoquinones are known redox cycling agents, 
therefore the generation of reactive oxygen species by ra-
mentaceone was evaluated in HL-60 cells. NAC reversed 
the toxicity of ramentaceone as well as prevented the in-
duction of DNA fragmentation in ramentaceone-treated 
cells.
The obtained results pointing out to the involvement of 
ROS generation in the mechanism of apoptosis induced 
by plumbagin and ramentaceone.
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Production of drugs in transgenic plants

Jaromir Budzianowski
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Poznań, Poland
e-mail: Jaromir Budzianowski <jbudzian@ump.edu.pl>

The main goal of pharmaceutical biotechnology is pro-
duction of therapeutical peptides and proteins named 
biopharmaceuticals through recombinant DNA technol-
ogy. A number of biopharmaceuticals such as hormones, 
blood factors, trombolytics, enzymes, growth factors, 
interferons, vaccines, monoclonal antibodies and fusion 
proteins, are produced for the pharmaceutical market in 
a few expression systems like bacteria — Escherichia coli, 
yeasts — Saccharomyces cerevisiae, animal, mammalian cell 
cultures — CHO, BHK and, to limited extend, in trans-
genic insects or insect cell cultures. High costs of such 
production and increasing demand for the new biophar-
maceuticals prompt for improvements of existing meth-
ods and development of the new expression systems, like 
transgenic animals and plants. Investigations imply that 
the most significant reduction in the costs of production 
of biopharmaceuticals would occur in the case of produc-
tion in crop cereals, oil plants, legumes, vegetables, fruits 
or tobacco. Numerous experiments showed possibility 
of expression of therapeutical proteins through either 
stable transformation of nuclear or plastid genomes or 
transient transformation of nuclear genome or infection 
with recombinant plant viruses. The expression could be 
targeted to the desired cell compartment, tissue, organ, 
whole plant or exudate (phylloexcretion, rhizoexcretion). 
The highest yields were obtained in plastids but without 
possibility of glycosylation. In turn, proteins expressed 
through nuclear genome have glycans with allergenic po-
tencial. Therefore several strategies have been elaborated 
to achieve humanization of plant N-glycans. The purifi-
cation of currently produced biopharmaceuticals usu-
ally requires costly several-step chromatography, which 
in the case of plant expression systems can be omitted or 
replaced by much cheaper methods, e.g. oilbody-oleosin 
fusion protein or Staphyllococcus aureus protein affin-
ity technologies. Recently, several therapeutical proteins 
— vaccines, antibodies, insulin, alfa-interferon, gastric li-
pase expressed in such plant expression hosts like potato, 
tobacco, safflower, maize, lemna are in clinical testing 
(phases I or II). 
Concerning plant secondary metabolites of therapeuti-
cal value, which are usually biosynthesized in multi-step 
pathways, introduction of single genes encoding impor-
tant stages of biosynthesis resulted in increased yields of 
scopolamine, artemisinin, flavonoids or components of 
the volatile oil.



46            2008Abstracts 

L2.16

Application of hairy root cultures for 
production of useful secondary metabolites
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Plant secondary metabolites are recently widely used as 
pharmaceuticals, flavours, fragrances, dyes and food ad-
ditives. It is estimated, that 25% of medicinally important 
drugs used in developed countries contain substances de-
rived from plants. Content of such metabolites in plants is 
usually low and depends on climate and soil conditions. 
It is also observed, that valuable for medical treatment 
natural products often occur in endangered or endemic 
plants. In this case it is more difficult and expensive to 
obtain plant raw material. Plant in vitro cultures are con-
sidered to be an alternative source for the production of 
valuable secondary metabolites. Recently, the cultures of 
transgenic organs are exploit widely, particularly hairy 
root cultures. These cultures are obtained by genetic 
transformation of plant tissues with the pathogenic soil 
bacterium Agrobacterium rhizogenes. The main advantages 
of hairy root cultures are fast growth in hormone-free 
media, genetic and biochemical stability and high pro-
ductivity for long time of culturing Moreover, hairy root 
cultures are able to produce metabolites, which normally 
occur not only in roots, but in stems, leaves and/or flow-
ers of intact plants. Hairy root cultures may be also used 
for transformed plants production. On the basis of results 
of our investigations the production of some important 
plant secondary metabolites (rosmarinic acid, diterpe-
nes and secoiridoid glucosides) by hairy root cultures of 
several Salvia species and Centaurium erythraea Rafn will 
be performed. Moreover, it will be also presented the 
obtaining of transformed plants with high productivity 
rate from hairy root cultures of Salvia miltiorhiza Bunge, 
C. erythraea Rafn and Rehmannia glutinosa Libosch.

Oral Presentations

O2.1

Expression of Human papillomavirus 
(HPV) epitopes in plants

Hana Hoffmeisterová1,2, Helena Plchová1, Jitka 
Folwarczna1, Tomáś Moravec1, Noemi Čeřovská1 
1Institute of Experimental Botany, Czech Academy of Sciences 
of the Czech Republic, Praha, Czech Republic; 2Department 
of Crop Protection, Czech University of Life Sciences Prague, 
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e-mail: Hana Hoffmeisterova <hoffmeisterova@ueb.cas.
cz>

The optimized expression of recombinant Potato virus A 
coat protein (ACP) carrying two different epitopes from 
Human papillomavirus type 16 (HPV16) was developed. 
Epitope derived from minor capsid protein L2 was ex-
pressed as N-terminal fusion with ACP while an epitope 
derived from E7 oncoprotein was fused to its C-terminus. 
The construct was cloned into Potato X potexvirus (PVX) 
based vector and transiently expressed in plants using 
Agrobacterium tumefaciens-mediated inoculation. To in-
crease the level of expressed protein the transgenic Nico-
tiana benthamiana plants expressing Potato virus A HC-Pro 
gene and transgenic Nicotiana tabacum, cv. Petit Havana 
SR1 carrying Potato virus A P3 protein gene were tested. 
The efect of synergistic infection of PVX carrying the con-
struct (pGR106-L2ACPE7) and Potato virus YO (PVYO) on 
the expression level of L2ACPE7 was compared with the 
situation in plants inoculated with pGR106-L2ACPE7 
only. 
According to PT-ELISA and Western blot analysis results, 
higher amount of recombinant L2ACPE7 was obtained 
from N. benthamiana compared to N. tabacum. The high-
est amount of L2ACPE7 was expressed in transgenic N. 
benthamiana carrying HC-Pro gene. The coinfection of 
pGR106-L2ACPE7 and PVYO led to an increase of the 
amount of L2ACPE7 compared to the amount of L2ACPE7 
obtained from plants infected with pGR106-L2ACPE7 
only. The results from electron microscopy confirmed 
that the ability of L2ACPE7 monomers to selfarrange into 
virus-like particles was not negatively influenced.
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Production of triterpenoid saponins 
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Plant secondary metabolites are unique sources for 
pharmaceuticals, food additives, and other industrial 
materials. Most plant-derived bio-active compounds 
have complex structures, making chemical synthesis an 
economically uncompetitive option. Thus, plant cell cul-
tures (PCC) are an alternative source to whole plant for 
the production of value secondary metabolites. PCC has 
been used in attempts to increase the production of bio-
active secondary metabolites of pharmaceutical interest. 
A particular important potential benefit is the ability to 
manipulate and improve the production of desired com-
pounds within the plant cell through manipulation of 
cultured cells by elicitors, precursor feeding, plant hor-
mones and nutrient composition of the medium. Sapon-
ins are complex molecules made up of sugars linked to 
a triterpene or steroid which are found in great number 
of plant species. Some of this important group of natural 
products have a variety of pharmacological and indus-
trial applications. Because of their structure diversity, 
pharmacological and biological activities and promise of 
commercialization, the study of biotechnological produc-
tion of saponins by plant in vitro cultures are interesting. 
In general very little is known about the production of 
triterpene saponins (TS) in plant tissue cultures. This re-
view deals with the production of TS through PCC shoot 
and root cultures and transgenic roots obtained through 
biotechnological means. In this paper we review recent 
studies on PCC processes focusing on the factors affecting 
the productivity of in vitro cultures and bioactive TS. The 
adopted strategies for enhancing saponin yield in PCC 
have been described in detail with some selected plants. 
In our study we found TS in both callus, cell suspension 
and shoot cultures of Eryngium planum. The objective of 
that investigation was to establish a strategy by which to 
improve saponins productivity in Eryngium cultures. Re-
sults of our preliminary study could suggested that selec-
tion of cell lines, addition of precursors, optimizing nutri-
ent components and the change of growth regulators and 
sucrose levels in the culture medium may be effective for 
increasing the saponins accumulation in cultures. Further 
research will focus on quantitative determination of the 
level of accumulated compounds.
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Introduction: Streptomyces tsukubaensis was isolated from 
a soil sample in the early 1980s near Mt. Tsukuba, Ibaraki, 
Japan. In 1985 S. tsukubaensis was found to produce a 23-
membered macrolide antibiotic — tacrolimus (also FK-
506) [1]. Since the late 1980s, when tacrolimus was first 
introduced into the clinic, it has been clinically important 
immunosuppressive agent. This calcineurin inhibitor is 
widely used in transplantology as well as in dermatol-
ogy and invasive cardiology. Tacrolimus is isolated from 
the whole fermentation broth of Streptomyces tsukubaensis 
bacteria cultivated in submerged culture. The productiv-
ity of tacrolimus by the strain is proportional to the myc-
elial growth of Streptomyces tsukubaensis strain [2].
Aim:  The aim of our research was to examine the influ-
ence of niacin, a cyclic tacrolimus biosynthesis precursor, 
supplementation of culture media on Streptomyces tsuku-
baensis culture growth. 
Materials and methods: The Streptomyces tsukubaensis 
strain (FERM BP-927) was used to investigate the rela-
tionships between the concentration of niacin in cultiva-
tion media and the mycelial growth of bacteria. For this a 
shake flask culture, enriched with different concentration 
of niacin, was cultivated in submarged culture strain. We 
investigated the response to 0.001, 0.0025, 0.005, 0.01 and 
0.02% (v/v) of niacin in fermentation medium.
Results: The addition of niacin in culture medium results 
in higher biomass production of cultivated strain. Niacin 
shows thus stimulating effect on Streptomyces tsukubaen-
sis mycelium growth. From the tested cultures the best 
strain growth was observed in those containing initially 
0.0025% (75 μg/mL) and 0.005% (150 μg/mL) of niacin 
and was equal to 10.08 g/L and 10.21 g/L, respectively.
The curve of biomass productivity, which represents 
obtained dry weight, depending on different concentra-
tions of niacin reaches its maximum with the optimum 
concentration of 0.005% (v/v) of niacin and significantly 
decreases with higher concentrations.
Conclusions
To summarize, the obtained results indicate that there is 
a strong correlation between the concentration of niacin 
in cultivation media and myceliar growth of the Strepto-
myces tsukubaensis strain.The addition of niacin exerts an 
inducing effect on S. tsukubaensis culture growth. 
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Fungal and plant metabolites in in vitro cultures 
– endogenous and biotransformation products
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A search for therapeutically important fungal and plant 
metabolites from in vitro cultures is the leading research 
direction of the Chair and Department of Pharmaceuti-
cal Botany. In the last two years, we have investigated en-
dogenous accumulation of indole compounds, polysac-
charides and fatty acids in in vitro cultures of higher fungi 
(Macromycetes). Mycelial cultures of Xerocomus badius  and 
Tricholoma equestre were analyzed by an HPLC method for 
15 indole compounds. The X. badius mycelia were found 
to contain kynureine sulfate (2.096 mg%), tryptophan 
(0.927 mg%) and tryptamine (0.409 mg%). Five indole 
compounds (tryptophan, serotonin, melatonin, tryp-
tamine, 5-hydroxytryptophan) in the concentration range 
from 0.322 to 1.036 mg% were estimated in the mycelia 
from in vitro cultures of T. equestre. Polysaccharides and 
fatty acids were analyzed in the Sarcodon imbricatus  myc-
elia.Two fractions: fr. A comprising galactose and fructose 
was isolated with 6.15 % yield and fr. B comprising glu-
cose and fructose with 1.26%, respectively.Twenty satu-
rated and unsaturated fatty acids were demonstrated to 
be present at quantities ranging between 0.2–31%. Plant 
in vitro cultures were analyzed for their capability of en-
dogenous accumulation of phenolic acids. The accumu-
lation of these compounds was examined in in vitro cul-
tures of Ruta graveolens (stationary liquid cultures) and 
Ruta graveolens ssp. divaricata * (stationary liquid and agi-
tated cultures). Eight compounds were analyzed: caffeic, 
chlorogenic, ferulic, p-coumaric, p-hydroxybenzoic, pro-
tocatechuic, syringic and vanillic acid.Protocatechuic acid 
was the main metabolite in the R. g. biomass (max. con-
tent 93.2 mg%), while p-coumaric acid dominated in both 
culture types of R.g. ssp. divaricata cultures (max. contents 
112.9 and 89.4 mg%), respectively. Maximum total con-
tent of phenolic acids obtained in the plant cultures under 
study was 108.3 and 138.7 mg%, respectively. Enzymatic 
potential of R. graveolens and R.g. ssp. divaricata cells cul-
tured in vitro was also used for biotransformation of hyd-
roquinone, added exogenously, into its β-D-glucoside, ar-
butin. Maximum content of the product in biomass from 
the cultures of both plants, after optimization of culture 
conditions, was 8.4 g% and 13.6 g%, respectively. 
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Pharmaceutically important and commercially valuable 
recombinant proteins can be produced in transformed 
plants or in plant suspension cells, which can be used as 
an alternative to other expression systems such as micro-
bial fermentation and animal cell cultures. Genetically 
modified plants became an attractive source of variable 
recombinant proteins such as mammalian antibodies, 
blood substitutes or vaccines. 
Our studies were focused on the production of mouse 
granulocyte-macrophage colony-stimulating factor (GM-
CSF) and human interleukine-2 (IL-2) proteins in trans-
genic tobacco plants. Both cytokines were chosen for our 
study because of many clinical applications in human 
diseases including cancers and possibility for using as 
vaccine adjuvants.The cDNA of GM-CSF or IL-2 with 
added sequence encoding KDEL signal were cloned into 
the ImpactVector under the control of RbcS1 promoter. 
The expression cassettes were cloned into the binary 
pBINPLUS vector and used to transform seedlings of 
Nicotiana tabacum cv. LA Burley 21 by Agrobacterium-me-
diated method. The low alkaloid content in LA Burley 21 
allows using plant material for animal feeding in future 
experiments. Transgenic plants producing recombinant 
cytokines (pGM-CSF and pIL-2) were characterized by 
Western blot analysis. The level of recombinant proteins 
production in plant leaves as estimated by ELISA assay 
was about 8-12 μg/g and 50 ng/g of fresh tissue for pGM-
CSF and pIL-2, respectively. The level of expression was 
clearly different for both cytokines, quite high for pGM-
CSF and rather low for pIL-2. With applied ImpactVector 
system carrying RbcS1 promoter which is approximately 
8 times stronger than the commonly used dCaMV-35Senh 
promoter we expected high level expression. Indeed, it 
was in the case of GM-CSF. The expression level of pIL-
2 was not as high as expected probably because of low 
stability of the protein. Moreover, pGMCSF but not pIL2 
was found to be glycosylated that most probably im-
proved its stability. The biological activity of plant-pro-
duced cytokines was confirmed in proliferation assay us-
ing two cell lines FDC-P1 and HT-2 growth-dependent on 
GM-CSF and IL-2, respectively. The experiments aimed 
towards improving expression level are in progress. 
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Production of pure mandelic acid enantiomers
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The production of pure enantiomers of chiral intermedi-
ates has become extremely important in recent years, es-
pecially in pharmaceutical industry. The number of the 
drugs in single enantiomer form is growing annually. The 
high interest in producing optically active substances is 
caused mainly by the greatly different biological activi-
ties displayed by the pair of enantiomers. Usually only 
one enantiomer possesses a desired activity, other may be 
inactive or even produce undesired side effects. 
The single enantiomers of mandelic acid ((S)- and (R)-
a-hydroxyphenylacetic acid) and their derivatives are 
the very valuable chiral building blocks, auxiliaries and 
resolving agents used for the production of numerous 
enantiomericaly pure compounds including pharmaceu-
ticals such as semi-synthetic antibiotics [1], antidepres-
sants [2], anti-tumour and anti-obesity agents [3]. Many 
approaches of production of mandelic acid enantiomers 
have been proposed [4,5], although without satisfactory 
results. 
In the present work kinetics enzymatic resolution of ra-
cemic mandelic acid has been investigated. This tech-
nique bases on a difference in the transformation rate of 
the enantiomers. The separation of mandelic acid enan-
tiomers was carried out by transesterification with vinyl 
acetate catalyzed by Burkholderia cepacia lipase. 
The results of investigation show high selectivity of used 
lipase towards (S)-mandelic acid in diisopropyl ether at 
25°C. As only one enantiomer of mandelic acid is trans-
formed into product, the reaction stops at 50% conver-
sion, providing homochiral enantiomers of unreacted 
substrate ((R)-mandelic acid) and product of transesterifi-
cation ((S)-O-acetylmandelic acid). The formed products 
differ in physical and chemical properties, thus can be 
separated using classical physiochemical methods. The 
extraction of reaction mixture with water was used in our 
investigations to separate enantiomers. The results show 
selective solubility of mandelic acid in water, whereas (S)-
O-acetylmandelic acid remains in the organic phase. The 
partition coefficients of mandelic acid and (S)-O-acetyl-
mandelic acid between water and diisopropyl ether was 
found to be dependent on their concentrations in the re-
action mixture.
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Investigation of protein-protein interaction between re-
ceptors localisated in cell membrane is important for full 
understanding of the organization level of pharmacologi-
cal complexes, regulation of signal transduction in living 
cells and their structure-activity relationships. The fluo-
rescence resonance energy transfer (FRET) methods are 
methods of choice for determining conformations and as-
sociation patterns of biomolecules at the cell surface. One 
of the most effective applications of FRET method is flow 
cytometric energy transfer (FCET) measurement which 
provides investigation of molecular proximities in large 
number of cells with robust statistic[1]. 
Adenosine A2A receptors belong to the heptaspanning 
membrane receptors family A, also known as G pro-
tein-coupled receptors. In human brain they are highly 
expressed in striatum, where they co-exist and co-func-
tion with dopamine D2 receptors [2]. A2A and D2 recep-
tors form pharmacological complexes with reciprocal an-
tagonistic interactions which regulate the function of the 
GABAergic enkephalinergic neurons. Cross-talk between 
these two types of receptors in the central nervous system 
may provide new therapeutic approach for Parkinson’s 
disease, schizophrenia and drug addiction [3]. 
In the present study we demonstrated A2AR-D2R recep-
tors heteromerization in heterologous mammalian ex-
pression system (HEK293 cells). Genes encoding human 
adenosine A2A receptors were ligated into plasmids, bear-
ing enhanced yellow fluorescent protein (EYFP) genes. 
Genes encoding human dopamine D2 receptors were 
ligated into plasmids, bearing monomeric red fluorescent 
protein (mCherry) genes. Cells were transfected using 
Fugene HD reagent (Roche). Protein-protein interaction 
was detected by FCET measurements using LSRII flow 
cytometer (BD Biosciences). Cells cotransfected with 
plasmids encoding fluorescence proteins, but no recep-
tors genes were used as negative control. Cells transfect-
ed with plasmids bearing EYFP-mCherry contactomers 
were used for positive control. For data analysis, we used 
standard FRET algorithms [4]. 
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Crohn’s disease (CD) and ulcerative colitis (UC) are clini-
cal subtypes of the inflammatory bowel disease (IBD). 
Although the etiology of these disorders is not fully un-
derstood, there is strong evidence to suggest that they 
emerge from a combination of constitutional and environ-
mental factors. Many experimental studies are focused on 
genotyping of allelic variants that seem to be important 
elements of IBD pathology. There are some gene poly-
morphisms that influence pharmacotherapy. The aim of 
this study was to find a relationship between thiopurine 
S-methyltransferase (TPMT) and 5,10-methylenetetrahy-
drofolate reductase (MTHFR)-genotypes and clinical 
output of pharmacotherapy with azathioprine in patients 
with IBD. We have used PCR, PCR-REA and “real-time” 
PCR methods to genotyping single nucleotide polymor-
phisms (SNP´s) in TPMT and MTHFR genes. We studied 
association between occurrence of adverse effect of im-
munosuppressive treatment with azathioprine and gene 
variants of metabolic enzymes TPMT and MTHFR. Our 
group contain from 64 patients with diagnosed CD and 
19 patients with UC. All of them were treate with azathio-
prine and in 20 individuals occured leucopenia during 
treatement. We have found statistic association between 
presence of mutant allele TPMT and adverse effect of 
treatment with azathioprine – leukopenia (p=0.001). Our 
study have not prove any association between adverse ef-
fect of treatment and SNP’s in MTHFR.
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Each substance for use in medicinal products before be-
ing marketed is investigated for mutagenic activity. Posi-
tive mutagenicity results indicate the potential of the sub-
stance to present a genetic hazard to man. 
Chosen derivatives of xanthone (I-IV) which influence 
the cardiovascular system [1], were evaluated for their 
mutagenic and antimutagenic potential in Vibrio harveyi 
assay [2-3]. The test is based on genetically modified 
strains of a marine bacterium V. harveyi, that is naturally 
sensitive to neomycin, but mutants resistant to this antibi-
otic can be isolated. The frequency of appearance of such 
mutants increases in the presence of mutagens. Four V. 
harveyi strains (BB7, BB7M, BB7X and BB7XM) are used 
in the assay. 4-Nitroquinoline-N-oxide (NQNO) serves as 
positive controls.
The results of this study show similar mutagenic and 
antimutagenic profiles of compounds II and III. Both of 
them were nonmutagenic to all tested V. harveyi strains. 
At the same time the compounds inhibited the muta-
genic activity of standard mutagen NQNO for three out 
of four strains. We observed both lack of mutagenicity and 
antimutagenic preoperties of chemical compound I toward 
three V. harveyi strains. Somewhat puzzling results were 
obtained for compound IV. The substance showed both 
mutagenic and nonmutagenic nature toward strains 
BB7X and BB7XM. For the remaining two strains it was 
nonmutagenic. 
In conclusion, this study has shown that compounds II 
and III are characterized by beneficial mutagenic and 
antimutagenic profile. In case of compound IV, further 
investigations should be considered, nevertheless its mu-
tagenicity should be taken into account when tested on 
animals. 
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Biological agents may represent an effective tool for an 
environmentally safe control of root-knot nematodes 
(Meloidogyne). The chitinolytic activity of the fungus 
Aphanocladium album (Preuss) W. Gams could result in a 
valuable nematode suppressivity, due to a total or partial 
degradation of cell wall. Nematicidal effectiveness may 
be consistently affected by the fungus multiplication sub-
strate, which represents a fungus feeding site and may 
also directly affect the soil nematophauna. Influence of 
three different substrates on the supressivity of an active 
isolate of A. album MX-95 was tested in a glasshouse ex-
periment on the root-knot nematode Meloidogyne incog-
nita (Kofoid et White) Chitw. on cantaloupe (Cucumis melo 
L.). Conidial suspensions (1.36×107 CFU/ml) of A. album 
were reared on vermiculite, peat or composted fresh ol-
ive pomace for 20 days at 25+1°C, and then added to soil 
infested with M. incognita at the rate of 1:9 (v/v). Mixtures 
were then poured into 1 l clay pots, with ten replicates 
for each treatment. Pots were arranged in a randomized 
block design on benches in a glasshouse at 25+2°C and 
one cantaloupe seedling was transplanted in each pot one 
day later. Root and soil nematode population density were 
determined in each pot two months later. A gall infesta-
tion index was also estimated on the roots of each plant. 
Vermiculite substrate inoculated with A. album resulted 
in a significantly lower number of eggs and juveniles of 
M. incognita on cantaloupe roots and in soil compared to 
non-inoculated substrate, whereas only the number of fe-
males was significantly affected by the presence of fungal 
inoculum on peat. Total nematode population and repro-
duction rate were not significantly lower in the presence 
of A. album on compost and on peat. Formation of galls on 
cantaloupe roots was significantly affected by the pres-
ence of A. album only when fungus was carried on peat. 
Statistically significant effects of substrate and A. album 
presence were found on root and soil nematode popula-
tion densities and reproduction rate. Global comparison 
within each factor showed that nematode reproduction 
was strongly reduced in the presence of A. album, as well 
as peat resulted significantly more suppressive than the 
other two substrates. Formulations of A. album may rep-
resent a valuable option for integrated nematode man-
agement strategies, as providing a progressive reduction 
of infestation level under the damage threshold of the 
targeted nematode species. 
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Physiological activity of polysaccharides is connected with 
their structural peculiarity. In this connection, work out of 
biotechnological methods of isolation and modification of 
polysaccharides in order to obtain polysaccharides with 
the certain properties and structural features is of a great 
interest. The pectic polysaccharide named tanacetan has 
been isolated from the Tanacetum vulgare L. callus culture. 
The yield of tanacetan from dry biomass was 5–7%. The 
residues of D-galacturonic acid (68%), D-galactose (4.4%), 
L-arabinose (5.2%) and L-rhamnose were shown to be the 
main sugar constituents of tanacetan. The galactose/arab-
inose ratio was close to 0.9. Negligible amounts of xylose, 
mannose and glucose were also detected. α-1,4-D-galac-
turonan was shown to be the linear backbone of tanacetan 
and compose about 60% of the carbohydrate chain.The 
molecular weight distributions of pectin were determined 
using ultrafiltration through membranes. Fraction with a 
Mw more than 300 kDa was found to be dominant (yield 
80%). Fractions with a Mw of 100–300 kDa (yield 2.3%) 
and with a Mw of 50–100 kDa (yield 7.6%) were shown to 
be minor fractions of tanacetan. Fraction with Mw more 
than 300 kDa was found to be weakly branched fragment 
which contained 77% residues of D-galacturonic acid. 
The contents of the neutral sugar residues were shown 
to increase while the amounts of the D-galacturonic acid 
residues were found to decrease in the fraction with a 
Mw of 100–300 kDa in a comparison with the dominant 
fraction (Mw more than 300 kDa). Tanacetan was found 
to digest with α-1,4-D-polygalacturonase to furnish the 
digested polysaccharide composed of fragments of dif-
ferent molecular mass. The side chaines of pectin prob-
ably to represent arabinan, galactan and arabinogalactan.
Tanacetan in the dose 200 mg/kg was shown to reduce 
vascular permeability of mouse over 24 hours. Fractions 
with Mw more than 300 kDa and galacturonan was found 
to possess antiinflammatory activity.
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Agastache rugosa (Fischer & C.A.Meyer) O.Kuntze (Lam-
iaceae) is a perennial species widely distributed in Asia 
(Japan, Korea, China) and North America. It is cultivated 
as a medicinal plant in China. Agastache rugosa has been 
used as a wild vegetable and herbal drug for the traetment 
of anorexia, vomiting and other intestinal disorders (Shin 
& Kang, 2003, Lett Appl Microbiol 36: 111–115). The essen-
tial oils from A. rugosa are a promising source for novel 
natural antifungal and antibacterial drugs (Shin & Kang, 
2003, Lett Appl Microbiol 36: 111–115; Oh et al, 2005, Arch 
Pharm Res 28: 305–310; Paulus & Yu-he, 1987, Handbuch 
der traditionellen chinasischen Heilpflanzen, Hang KF, ed, 
Verlag, Heidelberg). The rosmarinic acid extracted from 
roots of A. rugosa demonstrates antybacterial, antivirral, 
antyinflammatory and antioxidant activity (Kim et al, 
1999, Arch Pharm Res 22: 520–523; Petersen & Simmonds, 
2003, Phytochemistry 62: 121–125). Shoot buds isolated 
from in vitro shoot cultures of Agastache rugosa (Fischer 
& C.A.Meyer) O.Kuntze were encapsulated using 3% so-
dium and 50 mM calcium chloride. The morphogenic re-
sponse of encapsulated buds was affected by the presence 
of sucrose (20, 30 and 50 g/l) in the alginate capsules. The 
highest frequency of plantlet germination from encap-
sulated buds with 20 g/l sucrose in the capsules (80.95% 
within 4 weeks) was obtained on Murashige and Skoog 
medium (MS)(Murashige & Skoog, 1962) without growth 
regulators. The process was substantially inhibited by 
cold-storage (4oC) of encapsulated buds. In this case, the 
frequency response ranged from 0% to 60% dependent on 
storage period (7 to 56 days) and the presence of sucrose 
in the alginate capsules. The planlets developed from 
both unstored and stored encapsulated buds of A. rugosa 
and were transplanted to soil and grew in pots to pheno-
typically normal plants.
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Ginkgo biloba L. leaves are a source of pharmacologically 
active lactones of di- and sesquiterpene groups and fla-
vonoid compounds. Phytopharmaceuticals from ginkgo 
leaves are used in medicine mostly in disturbances of 
cerebral and peripheral circulation. Phenolic acids are 
known to occur in many plants, in Ginkgo biloba too. They 
are important compounds that have pharmacological 
activity (especially anti-inflammatory, cholagogic, hy-
polipemic, spasmolytic, fungistatic, bacteriostatic). This 
group of substances have not been studied in Ginkgo biloba 
in vitro cultures before [1,2]. The aim of this study was to 
compare the phenolic acids accumulation in leaves and in 
vitro cultures of Ginkgo biloba. Callus cultures were estab-
lished from male and female leaves explants. Suspension 
cultures were derived from callus cultures. Cultures were 
maintained on Murashige-Skoog medium supplemented 
with picloram (4 mg/l) and BA (2 mg/l). The analyses of 
methanol extracts of leaves and biomass from male and 
female callus cultures and suspensions were conducted 
by HPLC method [3]. Aglycons of phenolic acids were 
detected after hydrolysis of glycosides in 2 M aqueous 
HCl [4]. The results indicated that G. biloba in vitro cul-
tures can accumulate phenolic acids. Five phenolic acids 
(chlorogenic, p-hydroxybenzoic, protocatechuic, syring-
ic, vanillic acids) were detected in all methanol extracts 
of plant and in vitro material. Especially high level of 
protocatechuic and vanillic acids (0.25–0.076 mg/g d.m.; 
0.02–0.045 mg/g d.m.) was found in all extracts without 
male callus cultures, which accumulated the highest con-
tent of syringic and ferulic acids (0.074 mg/g; 0.04 mg/g 
d.m.). Compare to leaves all in vitro cultures accumulated 
p-coumaric acid. Caffeic acid was found only in biomass 
from female callus cultures. 
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Introduction: In vitro in vivo correlation (IVIVC) is defined 
as the direct functional relationship of drug pharmaceu-
tical availability and bioavailability. From the regulatory 
point of view the most suitable level of IVIVC is a lin-
ear level A. It could be used for setting of the dissolution 
specification as well as for the surrogate of bioequivalence 
in vivo studies. 
Aim: The aim of this study was to create IVIVC linear 
level A with retrospective analysis of the in vivo data orig-
inally projected only for bioequivalence assessment and 
not for IVIVC. 
Materials and methods: The in vitro and in vivo data were 
simulated numerically. The data from drug i.v. or the oral 
drug solution administration was not provided. Because 
of that, it was impossible to use numerical deconvolution 
method. The only possible alternative were Wagner-Nel-
son or Loo-Riegelman methods. However, it was impossi-
ble to describe original in vivo data by simple compartmen-
tal modeling, which is the basic condition under which the 
above described methods could be used. Various specific 
data preprocessing procedures, like linear and non-lin-
ear equations, were performed in order to find the way 
to transform the in vivo data to the data set suitable to the 
compartmental modeling. After successful preprocessing 
the in vivo data was fitted to the one-compartment model. 
Based on this model parameters Wagner-Nelson method 
was used for deconvolution. The deconvolved data repre-
senting fraction of drug absorbed in vivo was directly cor-
related with cumulative amounts of drug released in vitro, 
thus resulting in the IVIVC level A.
Results: It was possible to find in vivo profile transforma-
tion suitable for compartmental modeling. The transfor-
mation equation was built on the recurrent logarithmic 
function where three nested logarithms were included: 
C’ = ln(1+ln(1+ln(1+C))). After deconvolution, the IVIVC 
of level A was found, where linear correlation coefficient 
was 0.997. The IVIVC model was internally validated and 
mean absolute prediction error was 6.07%, which ensured 
good modeling quality.
Conclusions: It was possible to create linear IVIVC on the 
level A with use of the in vivo data, which originally was 
not suitable for this task. Recurrent logarithmic transfor-
mation of the concentration-time profile was the appro-
priate procedure to overcome compartmental modeling 
problem. Since this is a simple mathematical equation, 
it could be reversed in order to calculate original in vivo 
profile.
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Preparations derived from Lentinula edodes (Berk.)Pegler 
contains compounds of branched polysaccharide struc-
ture that demonstrate strong anticancer activity. Our goal 
is to obtain a new preparation with even higher antican-
cer activity, derived from selenium (Se)-enriched L. edodes 
mycelium. In our previous studies we demonstrated that 
submerged cultivated mycelium of L. edodes accumulated 
Se from the cultivation medium very effectively, more so 
than yeast [1]. The present study deals with the monosac-
charide composition of Se-enriched EPS and PPS frac-
tions isolated from mycelial cultures cultivated in Se-en-
riched media. Se-enriched polysaccharide fractions were 
isolated from the culture medium and from mycelial bio-
mass by use of simplified Chichara method [2]. The crude 
polysaccharide fractions were obtained by precipitation 
with ethanol in 2-steps procedure, from the concentrated 
mycelial extract or culture medium. Addition of an equal 
volume of ethanol to the concentrated solution gave the 
fibrous substance, fraction I. After removal of this frac-
tion, addition of a further 3 volumes of ethanol, a brown 
powder precipitation, fraction II, was obtained and col-
lected by centrifugation. The polysaccharide fractions 
were purified according to Ng and Yap [3]. Polysaccha-
ride fractions were freez-dried, extracted with boiling wa-
ter and then precipitated with ethanol in 2 steps, as was 
described above. The total selenium content in different 
polysaccharide fractions was determined by RP HPLC. 
Monosaccharide composition of selenated polysaccharide 
fractions was determined, after hydrolysis performed by 
use of TFA, by RP HPLC method. Obtained results were 
compared with that of polysaccharide fractions extracted 
from not enriched in Se mycelium of L. edodes. PPS frac-
tions extracted from not Se-enriched L. edodes mycelium 
contained mainly glucose (38%), xylose (25%) and man-
nose (15%), and lower amount of arabinose, galactose, 
rhamnose, ribose, glucosamine and galactosamine. Se-
enriched PPS fractions contained mainly glucose (34%) 
but only 9% of xylose, 15% of mannose and high amount 
of glucosamine (23%). Se-enriched PPS fractions I and II 
differed mainly in mannose and galactose content. EPS 
Se-enriched fractions contained mainly glucose and man-
nose. Se-containing polysaccharide fractions were worse 
water-soluble and have different monosaccharide com-
position than reference fractions. 
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Lentinula edodes is one of medicinal mushroom from 
which extracted highly purified polysaccharide fraction 
(Lentinan) is an approved drug, used in cancer treatment 
as well as in AIDS research. Hot water extracts from 
L. edodes mycelium and culture media (LEM, LAP) both 
demonstrate strong antitumor activity. Our goal is to ob-
tain a new anticancer preparation derived from selenium 
(Se)-enriched Lentinula edodes mycelium.In our previous 
studies we demonstrated that submerged cultivated myc-
elium of L. edodes accumulated selenium from the culti-
vation medium very effectively, more so than yeast [1]. 
Selenium-containing compounds present in water and al-
cohol mycelial extracts enhanced antioxidant and reduc-
ing power, and free radical scavenging effect for almost 
100% [2]. The present study deals with the speciation of 
selenium in Se-enriched mycelial extracts. The study was 
carried out using RP HPLC method for quantifying se-
lenium. Speciation analysis was carried out by specific 
oxido-reduction reactions. The Se content in tested myc-
elial extracts was equal for water extract — 474 mg/g and 
for methanolic extract — 478 mg/g. The total Se concen-
tration in tested extracts was nearly equal, nevertheless 
speciation of Se-compounds was different. Main part of 
Se in water extract (62%) was in the — II oxidation state, 
in Se-amino acids or in other undefined water soluble or-
ganic compounds. Over 36% of Se content was in 0 oxida-
tion state – probably in nanoselenium colloidal form, or 
combined to lipid or carbohydrate structure. Only 0.6% 
of Se was in inorganic form as Se(IV). In ethanol extract 
predominant part of Se was in  — II oxidation state (86%), 
whereas nearly 14% was in inorganic form: as Se(IV) —
13%, and only 0.6%in 0 oxidation state. Different Se spe-
ciation probably affects different antioxidant activity of 
tested extracts.
References:
1. Turło J et al (2007) Acta Chromatographica 18: 36–46.
2. Turło J, Gutkowska B (2007) Medimond Int Proc, D ed. pp 51–
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Isolated animal cell and tissue cultures are very important 
in the modern biotechnology and biomedical sciences. 
Many attempts are being made to develop new methods 
of mammalian cell in vitro culturing. Oxygen transport to 
culture media is often the limiting factor in animal cell 
cultures. Hydrophobic oxygen carriers are alternative to 
conventional aeration systems. Liquid perfluorochemi-
cals (perfluorocarbons, PFCs) are the most promising 
carriers of respiratory gases used in biotechnology [1,2]. 
The oxygen solubility in perfluorinated components is 
much higher than the solubility in water. PFCs have ex-
ceptional chemical, biological and thermal stability due 
to the strength of the carbon-fluorine bond. They also are 
very strong hydro- and lipophobic. Unique properties 
of liquid PFCs causes that they can be used as a special 
medium for culture of anchorage-dependent animal cells 
[1,3,4]. Interfacial area between water phase of nutritious 
medium and perfluorinated phase of oxygen carrier pro-
vides flexible place for cells adhesion. 
In the present work a feasibility of perfluorodecalin in 
animal cells in vitro cultivation has been investigated. 
Human cells of MG-63 line were cultured with perfluoro-
decalin (C10F18) added to the culture. The PFC were air 
saturated in aseptic conditions before experiments. Weak 
and flexible area of PFC/water system was sufficient for 
osteosarcoma cells to adhere and to 3D growth. MG-63 
cells adhered on the interfacial area, begun cell divisions 
and created multicellular, long aggregates. Morphology 
of the cells were completely different than those cultured 
in traditional conditions on a solid surface. Obtained ag-
gregates of cells can be easy collected by centrifugation 
without the stage of aggresive trypsinization. The studied 
method of animal cells culturing on flexible PFC/water 
interfacial area is desirable especially in 3D cultures of 
spheroids, cocultures or more complicated in vitro mod-
els and in all other cases where the structure of cultured 
multicellular aggregates should be preserved.  
References: 
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D-amino acids are important chiral building blocks for bi-
ologically active compounds including: pesticides, pepti-
domimetics and semisynthetic antibiotics [1]. Many of the 
D-amino acids can be incorporated in place of the natural 
L-amino acids, either at a specific position, or throughout 
the whole peptide to increase peptides stability toward 
proteases. Nonnatural amino acids may also increase 
in vivo half life time and potency of peptides. Because 
of the non-polar nature and steric bulkiness of its side 
chain phenylalanine is one of the preferred amino acids 
in peptidomimetics [2]. Several enantiomers hydroxy- or 
carboxy- derivatives of phenylglycine or phenylalanine 
have been described as potent agonists or antagonists at 
glutamate receptors of the central nervous system. Up 
to date the only one glutamate receptor active phenyla-
lanine derivative, (S)-α-methyl-3-carboxyphenylalanine, 
has been described as mGlu-8 antagonist [3,4].
In our study we present an activity of recombinant D-
hydantoinase (Fluka) towards phenyl ring-substituted 
5-benzylhydantoins. The calibration curves for each sub-
strat were estimated by P/ACE MDQ Beckman Capillary 
Electrophoresis system. D-hydantoinase activity was 
measured as a percent of substrate remaining at the time 
in the reaction mixture. We report also an enzymatic route 
which enables the subsequent hydrolysis of N-cabamoyl-
D-phenylalanine derivatives to the corresponding D-
amino acids, mediated by expressed in recombinant E. 
coli strains N- carbamoylase. Plasmid pAH71 containing 
the N-carbamoylase gene used in this study was kindly 
donated by Prof. Yun-Peng Chao from Department of 
Chemical Engineering, Feng Chia University, Taiwan [5]. 
Enantiomeric ratio (ee%) of the obtained D-phenylalanine 
derivatives were estimated using HPLC equipped with 
Chirosil (RCA+) column. 
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Aim: To produce nanostructured lipid carriers (NLC) 
loaded with omega 3 fatty acids for the treatment of at-
opic eczema.
Introduction: Atopic eczema is a sincere disease and up 
today there is no cure. The treatment in non acute phases 
is the application of emollients, which preferentially cre-
ate occlusion on the skin. Occlusion is desired because it 
increases the water content in the skin and prevents the 
skin from exogenous irritants. Furthermore the applica-
tion of poly unsaturated fatty acids (PUFA), especially 
omega 3 fatty acids is known to have positive effects. 
Problems with PUFA are their fast degradation when in 
contact with oxygen and/or light. Thus the formulation 
of PUFA is problematic. NLC are known to increase the 
chemical stability of compounds by encapsulation into 
their lipid matrix. Upon application on the skin NLC form 
tight lipid films and cause occlusion. Therefore PUFA 
loaded NLC seem to be an ideal system for the treatment 
of atopic eczema.
Material and methods: NLC were produced via high 
pressure homogenization and investigated regarding 
their size and morphology using dynamic light scattering, 
static light scattering and light microscopy Zeta potential 
measurements were performed to estimate the physical 
stability of the systems. 
Results: High contents of PUFA are found in many natu-
ral plant oils. The plant oils, perilla oil (PO), sacha inchi 
oil (SIO), hemp seed oil (HSO), kukui oil (KO) and black 
current seed oil (BCO) were used for encapsulation into 
either bees wax or cetyl palmitate NLC. The encapsula-
tion of PO, SO, KO was more efficient when bees wax was 
used, whereas for HSO and BCO the use of cetyl palmi-
tate was more appropriate. The particle sizes of these sys-
tems are in the range between 150 and 200 nm. The zeta 
potentials are in the range between –64 to –76 mV, indi-
cating a good electrostatic stabilization of the particles. 
The short term physical stability was investigated and 
revealed that, except from the hemp seed oil loaded NLC, 
all the systems are physically stable. The odor for most 
of the PUFA containing oils is very intense. It was found, 
that due to the encapsulation into NLC, the intense smell 
can be masked, which would be a positive feature. Fur-
ther studies will investigate the chemical stability of the 
NLC systems, to proof the principle.
Conclusion: NLC with a high load of PUFA can be pro-
duced via high pressure homogenization, enabling a bet-
ter performance for the treatment of atopic eczema.
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The recently detected human histamine H4 receptor 
(hH4R) approaches to be a prominent target for drug 
development [1,2]. The hH4R shares some homology to 
the histamine H3 receptor and is distinctly expressed on 
basophils, eosinophils, mast cells and dendritic T cells 
suggesting its role in inflammatory and immunologi-
cal processes [2,3]. Therefore, its ligands may provide a 
novel therapeutic approach on immune-modifying drugs 
[3,4]. Recently described highly selective and orally active 
histamine H4 receptor antagonists inhibited the activity 
of both mast cells and eosinophils in vivo, and showed 
potent anti-inflammatory and anti-hyperalgesic effects 
[5]. In this study it was our aim to achieve expression of 
human H4 receptors tagged with a fluorescent protein in 
HEK 293 cells. For this purpose gene encoding human H4 
receptor was firstly cloned into the plasmid pmCherry-
N1 bearing improved monomeric red fluorescent protein 
(mCherry). This construct was then introduced into hu-
man embryonic kidney cells (HEK 293) using FuGene HD 
reagent. Transient expression of fusion hH4R-mCherry 
protein was indicated by means of fluorescence micros-
copy and flow cytometry. In order to verify functional in-
tegrity and activity of the expressed receptor proteins fur-
ther studies, including radioligand binding assay, should 
be carried out.
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Introduction: It is now well established that the biologi-
cal activities of molecules have close relationships with 
their chemical structures and that the chirality of the 
molecule plays an important role in its biological activ-
ity. In b-blockers related to aryloxypropylamines (e.g. 
propranolol) with the single chiral centre, the S-(-)–enan-
tiomer possesses a much greater affinity for binding to 
the b-adrenergic receptor. Bupranololol (BUP) is a non-
selective b-blocker with the structure similar to that of 
most other b-blockers. It demonstrates antagonistic ac-
tivity against all known subtypes of b-adrenoceptors (b-
AR), including the low affinity state of b1-AR. Studies in 
vitro proved that among b-blocking agents — levorota-
tory enantiomer of BUP is the most potent antagonist of 
the low-affinity state of b1-AR. The enantiomers of BUP 
are not available commercially, and according to the lit-
erature data no efforts have been made so far to prepare 
them, or even their chiral intermediates. As the useful-
ness of biocatalyst for the preparation of optically active 
b-blockers is well documented we decided to select one of 
the microbial methods in the preparation of chiral inter-
mediate of BUP – en-P1.
Aim: Selection of the best method of obtaining 
enantiomeric chlorohydrin 1-chloro-3-(2-chloro-5-
methylphenoxy)propan-2-ol (en-P1) with the highest op-
tical purity from the following approaches: 1. deracemi-
sation of rac-P1 with the use of the fungus Cunninghamella 
echinulata; 2. resolution of rac-P1 with commercially avail-
able lipases; 3. whole-cell bioreduction of prochiral ketone 
1-chloro-3-(2-chloro-5-methylphenoxy)propan-2-one (P2) 
with Lactobacillus kefiri.
Methods: A fungus C. echinulata was used to catalyze the 
deracemisation of racemic rac-P1 in different pH. Lipase-
catalyzed transesterification of rac-P1 was conducted in 
organic and was performed with the use of enol esters 
such as iso-propenyl acetate and vinyl acetate, to avoid re-
versibility of the process. The bioreduction of P2 with the 
use of whole cells of L. kefiri was performed with different 
co-substrates to regenerate the NADPH cofactor.
Conclusions: Among tested methods the best results 
were obtained with the use of commercially available li-
pases: bacterial lipase from Pseudomonas cepacia and fun-
gal lipase from Mucor miehei. 
Acknowledgments:
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Phenolic acids are an important group of plant metabo-
lites possessing valuable biological properties, e.g. im-
munostimulatory, anti-inflammatory, spasmolytic, chola-
gogic, hypolipemic and antiaggregative. In our earlier 
studies, we detected several compounds belonging to this 
group in the extracts of biomass from stationary liquid 
cultures of Ruta graveolens ssp. divaricata (Tenore) Gams* 
[1]. The aim of the present studies was to assess the effect 
of growth regulators on the accumulation of free phenolic 
acids in R.g. ssp. divaricata biomass. The stationary liquid 
cultures were maintained under constant artificial light 
(ca. 4 W/m2), at 24 ± 2oC on four variants of Linsmaier-
Skoog (L-S) medium (2) containing the auxin-NAA and 
cytokinin-BAP at the following concentrations [mg/l me-
dium]: 0.1 and 0.1; 1 and 1; 2 and 2, and 3 and 1. The 
contents of eight phenolic acids: caffeic acid, chlorogenic 
acid, ferulic acid, p-coumaric acid, p-hydroxybenzoic 
acid, protocatechuic acid, syringic acid and vanillic acid 
were determined in methanolic extracts of the biomass 
after culture, using RP-HPLC method (3). The contents 
of individual phenolic acids ranged from 1.2 to 113.0 
mg%. p-Coumaric acid was the quantitatively dominat-
ing compound (97.3–113.0 mg%). Maximum contents of 
other acids were decidedly lower and amounted to 11.1 
mg% for protocatechuic acid, 8.0 mg% for caffeic acid, 7.9 
mg% for chlorogenic acid and 4.8 mg% for syringic acid. 
The remaining three compounds under study were not 
detected in the extracts. Total contents of phenolic acids 
ranged from 124.9 to 138.7 mg%. Comparable total con-
tents of phenolic acids of 133.1–138.7 mg% were obtained 
on L-S variants containing equal concentrations of NAA 
and BAP (from 0.1 to 2 mg/l). The L-S variant supple-
mented with 3 mg/l NAA and 1 mg/l BAP was the least 
productive. 
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Introduction: Studies of drug metabolism and the tox-
icity of metabolites are important in drug development. 
However, identifying metabolites from animal sources 
and clinical samples can be hindered by an insufficient 
quantity of material. The metabolism of foreign organic 
compounds by numerous microorganisms (principally 
fungi) parallels that observed in higher organisms. These 
correlations provide a basis for the study of ‘microbial 
models of mammalian metabolism’ [1]. The advantage 
of using microbial models is mainly the ease with which 
milligram quantities of phase I metabolites can be pro-
duced by preparative-scale fermentation, thus enabling 
complete structural elucidation and further pharmaco-
logical and toxicological tests. This is especially signifi-
cant when the metabolites are unavailable or very diffi-
cult to obtain by chemical synthesis [2]. Interestingly, N-, 
O-, S-demethylation, hydroxylation and deracemization 
have been reported using Cunninghamella echinulata [3-5].
Aim: The biotransformation of pentoxifylline (PTX), pro-
pentofylline (PPT) and their racemic hydroxy metabolites 
((±)-OHPTX and (±)-OHPPT) by using the fungus Cun-
ninghamella echinulata NRRL 1384.
Methods and Results: A fungus Cunninghamella echinula-
ta NRRL 1384 was used to catalyse the (S)-selective oxida-
tion of the racemic hydroxy metabolites: (±)-OHPTX and 
(±)-OHPPT and for reduction of PTX and PPT. The first 
oxidation step appears to be selective and relatively fast 
while the second reduction step is slower and more se-
lective with PTX. Modifications involving supplementing 
the bioconversion with glucose give yields and enantio-
meric excess (ee) values similar to those obtained without 
glucose. 
Conclusions: The bioconversion of (±)-OHPTX gave an 
(R)-enantiomer (LSF-lisofylline) with a higher enantiopu-
rity (max. ca. 93% ee) compared to the bioconversion of 
(±)-OHPPT, when the max. ee value for (R)-OHPPT was 
recorded at 83%.
Significance and Importance of the Study: The conver-
sion of (±)-OHPTX and (±)-OHPPT using Cunninghamella 
echinulata can be recognised as a process, which may be 
recommended as an alternative to the methods used to 
obtain (R)-OHPTX and (R)-OHPPT.
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Dracocephalum moldavica L. — moldavian dragonhead 
(Lamiaceae) is an annual plant native in Central Asia and 
naturalized in Central and West Europe. D. moldavica is 
widely used in folk medicine as painkiller and for the 
treatment of kidney complaints. Extracts of the plant 
are used against toothache and colds as poultice against 
rheumatism. The spectrum of activity of dragonhead is 
ascrible principally to presence of essential oil, phenolic 
acids (rosmarinic acid, chlorogenic acid and caffeic acid), 
flavonoids and tannins.
In this study optimum conditions for the micropropaga-
tion of D. moldavica by shoot tips were determined. Shoot 
tips from 4-week-old shoots grown in in vitro culture 
were used as explants. The explants were incubated on 
Murashige and Skoog agar (0.7%) medium with 0.1 mg/l 
IAA (indole-3-acetic acid) and cytokinins: 6-benzylami-
nopurine (BAP), kinetin (KIN) or zeatin (Z) in various 
concetrations: 0.05, 0.1, 0.2, 0.5 or 1.0 mg/l. The best re-
sults were obtained on medium containing BAP. The op-
timum concentration of BAP was 0.1 mg/l. Under these 
conditions 95% of shoot tips formed axillary buds and 
about 8 shoots from one explant were obtained. Obtained 
shoots were rooted on MS medium with NAA 0.1 mg/l 
for 4-weeks and next planted into soil. 
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Several species from the genus Scutellaria are a source 
of biologically active flavones-derivatives of wogonin 
and baicalein. Among them the herb of Scutellaria barbata 
seems to be the most interesting. This plant is clinically 
used in China as anticancer in the treatment of breast, 
digestive system, lung cancers and uterine leiomyoma. 
[1-3]. Regarding the literature data, research on S. barbata 
focus mainly on an explanation of its specific pharmaco-
logical activity. Until now, there is a lack of information 
concerning the biosynthesis of secondary metabolites in 
S. barbata in vitro cultures. The biotechnological research 
concentrated on Scutellaria barbata normal roots and 
stems in vitro cultures. Root cultures were maintained 
for 60 days on an orbital shaker set (121 rpm, 26°C±1) in 
200 ml Erlenmayer flasks. There were used 2 types of liq-
uid media: Schenk-Hildebrandt (SH) and Gamborg (B5), 
with 3% sucrose and both supplemented with 1 mg/l IBA 
(indole-3-butyric acid). Root culture grown on SH liquid 
medium was characterized by an thirteenfold growth 
increase, with growth factor (Gf) about 1200% and pro-
ductivity counted on acteoside 596.6 mg per liter of me-
dium and on the sum of 5 flavonoids (baicalin, baicalein, 
wogonin wogonoside and chrysin): 1522.6 mg per liter of 
medium. Moreover, this culture characterized tendency 
to selective and high biosynthesis of flavone glycosides 
(baicalin and wogonoside). Stem culture was maintained 
in 200 ml Erlenmayer flasks containing liquid Murashige-
Skoog (MS) medium with 3% sucrose and supplemented 
with 0.5 mg/l BAP (benzylaminopurine) for 4 weeks on 
an orbital shaker set (121 rpm, 26°C±1). In comparison 
to root culture of S. barbata, stems were characterized 
by an threefold growth increase and different qualita-
tive composition of flavones with domination of flavone 
— scutellarin. The rate of flavone biosynthesis in normal 
root cultures of S. barbata was comparable to estimated in 
transformed root culture of the another species from the 
genus Scutellaria, namely S. lateriflora.
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Preclinical and clinical examinations are highly expen-
sive. They are also time and work-consuming. One of the 
most state-of-the-art research directions is using of bio-
pharmaceutical methods. Examinations of penetration 
of substances through membranes constitutes one of the 
methods to define the bio-pharmaceutical parameters of 
biologically active substances, including hormones.The 
membranes are semi-permeable barriers that separate 
the environments of different chemical composition from 
each other. One of such membranes is pericardium, con-
taining from three layers by porcine animals.Penetration 
of the selected protein and peptide hormones: gonado-
liberin, calcitonin, prolactin and lutropin through pericar-
dium have been analyzed. The obtained results have been 
compared to insulin – standard protein – penetration. Pa-
rameters describing kinetics of the penetration process: 
entire penetration process rate (V); penetration rate at the 
first (V1) and second (V2) stage. Protein and peptide sub-
stances have penetrated through pericardium differently. 
The conducted examinations suggest that penetration of 
protein and peptide substances through natural mem-
brane – pericardium may be in a great degree connected 
both with their specific and non-specific effect. Identifi-
cation of bio-pharmaceutical properties of the substances 
may constitute a basis for further examinations on their 
action mechanism and opportunity to prepare an efficient 
form of a drug.
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It was worked out the prolonged release drug forms in 
suspension with GnRH analogs like buserelin and dalare-
lin. There has been shown the prolonged effect of prepa-
rations in comparison with analogs injection forms. There 
were analyzed release profiles of: lutropin (LH), folliculo-
tropin (FSH) and estradiol. The experiment was carried 
out on Wistar pseudo-pregnant female rats, of 48–52 g 
body weight.There were performed also the studies con-
cerning these preparations use in acceleration in repro-
ductive performance of sows. Sows at body weight of 
85–90 kg were administered PMSG and hCG in injections, 
and after 80 h the GnRH analogs. The analogs were given 
in doses from 12.5 to 50 μg. The sows were inseminated 
after 24 h and again reinseminated after 12 h from the 
first insemination. It was stated, that the best effect was 
obtained when dalarelin and buserelin were used in dose 
of 25 μg. It was gained also the acceleration in reproduc-
tive performance of sows about 70 days by the simultane-
ous, comparable productive indexes. Increased release of 
FSH, LH and progesterone accompanied by sows matu-
ration acceleration.
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Glycopeptides and glycoproteins possess a wide range 
of biological activities. Glycoproteins of the outer cell 
membrane are decisive ligands and receptors involved in 
biological recognition processes including, for instance, 
immunodifferentiation, cell adhesion, cell differentiation 
and regulation of cell growth [1-3]. Moreover a nonenzy-
matic glycation of peptides and proteins by D-glucose has 
an important implications in the pathogenesis of diabetes 
melitius, particulary in the development of the diabetic 
complications [4]. Finally, glycoproteins establish a large 
group of enzymes, which enzymatic activity or inhibition 
is implied by divalent metal ions [5]. In this work the co-
ordination abilities of selected group of peptides towards 
Cu2+ ions is presented: Asp-Thr-Glu-Lys-Gln-Ile-Lys-Lys-
Gln-Thr (1) and Asp-Thr-Glu-Lys(Glc)-Gln-Ile-Lys-Lys-
Gln-Thr (2). As far as for 1 a tipical for peptide coordina-
tion is determined, a detailed analysis of obtained results 
suggests an unusual coordination mode for analog with 
glycation.
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This work is focused on phenolic acids, a therapeutically 
important group of compounds that were proven to pos-
sess immunostimulatory, anti-inflammatory, spasmolytic, 
cholagogic, hypolipemic and antiaggregative properties.
Preliminary studies conducted in our biotechnological 
laboratory have indicated that Ruta graveolens ssp. di-
varicata (Tenore) Gams biomass cultured in a stationary 
liquid phase* accumulated compounds of this group [1]. 
This research attempted to test another type of an in vitro 
culture of this plant, i.e. agitated cultures, and to deter-
mine the effect of concentrations of growth regulators 
on the accumulation of free phenolic acids.The agitated 
cultures were maintained under constant artificial light 
(ca. 4 W/m2), at 24 ± 2oC on four variants of Linsmaier-
Skoog (L-S) medium (2) containing the auxin - NAA and 
cytokinin — BAP at the following concentrations [mg/l 
medium]: 0.1 and 0.1; 1 and 1; 2 and 2, and 3 and 1. The 
contents of eight phenolic acids: caffeic acid, chlorogenic 
acid, ferulic acid, p-coumaric acid, p-hydroxybenzoic 
acid, protocatechuic acid, syringic acid and vanillic acid 
were determined in methanolic extracts of the biomass 
after culture, using RP-HPLC method (3). p-Coumaric 
acid was the quantitatively dominating metabolite (max. 
content 89.4 mg%). The contents of syringic, caffeic and 
protocatechuic acids were also marked: 16.3, 15.5 and 
13.2 mg%, respectively. Ferulic acid was not detected. On 
the other hand, the contents of the remaining 3 analyzed 
compounds did not exceed 5 mg%.Total contents of phe-
nolic acids were diverse from 20.8 to 103.2 mg%. Maxi-
mum total content of the metabolites was obtained on L-S 
variant containing 1 mg/l NAA and 1 mg/l BAP. 
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Phenolic acids are an important group of plant metabo-
lites from therapeutic point of view. Different compounds 
of this group possess remarkable biological properties, 
including anti-inflammatory, immunostimulating, anti-
oxidant, hepatoprotective, hypocholesterolemic, antiag-
gregative and spasmolytic [1].The presented research 
attempted to isolate and identify selected phenolic acids 
from biomass of Ruta graveolens L. and Ruta graveolens 
ssp. divaricata (Tenore) Gams* cultured in vitro. Cultures 
of both plants were maintained in stationary liquid phase 
on Linsmaier-Skoog medium [2] variants differing in con-
centrations of growth regulators — NAA and BAP (rang-
ing from 0.1 to 3.0 mg/dm3), under constant artificial light 
(ca. 4 W/m2), at 24±2oC.Biomass of R. graveolens and sub-
species R. g. ssp. divaricata collected after 4-weeks growth 
cycles was dried and extracted with methanol. Extracts 
components (after acid hydrolysis) were coarsely separat-
ed using chromatography methods (TLC, HPLC). Prep. 
TLC was used to isolate compounds (A) and (B) from 
biomass of the cultures under study. The compounds (A) 
and (B) were purified by HP-TLC. Based on chromato-
graphic parameters: Rf (TLC), tR (HPLC) and compara-
tive analysis with reference compounds, the compound 
(A) was preliminarily identified as protocatechuic acid, 
and compound (B) as coumaric acid.Identity of these 
compounds was confirmed by spectral analysis (El-MS 
and1H-NMR)**. Compounds (A) and (B) were isolated 
from the biomass of in vitro cultures of both plants under 
study for the first time [1,3].
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Optically active alcohols of 2-substituted benzoazole de-
rivatives are well known as important building blocks in 
the synthesis of β-blokers, substances with antifungal and 
antibacterial activity, optically active tiiranes and insect 
pheromones. Microbiological reduction of prochiral ke-
tones to the corresponding optically active alcohols was 
the key reaction of our investigation. Biotransformations 
were carried out using whole cells of the fungi Mortierella 
isabellina, Geotrichum candidum, Debaryomyces hansenii and 
Zygosaccharomyces rouxii. The aim was to verify the ability 
of microorganisms to be efficient biocatalysts. All of them 
indicated enzyme activity. The scale-up process allowed 
to separate and analyze the products. The asymmetric 
bioreduction of ketones gave optically active β-hydrox-
ysulfides with medium to high yields (55.4–90.60 %) and 
high enancioselectivity ranging between 87.42–99.04 %. 
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Formation of free radicals and reactive oxygen species 
(ROS) is an integral part of human metabolism. The inten-
sification of the speed of ROS formation and inhibition of 
the antioxidant mechanisms leads to so called oxidative 
stress which is an important element of the pathogenesis 
of many diseases, including psychic disorder and neuro-
degenerative diseases. The conducted research concerns 
individual low-molecule antioxidants, the activity or con-
centation of which correlate with the course of freeradical 
reactions [1,2]. β-carboline derivatives are potential lig-
ands of 5-HT1A and 5-HT2A serotonin receptors. Pro- or 
anti-oxidant properties of this group of compounds may 
influence the antioxidant balance. The research evaluat-
ing the complete antioxidant activity of β-carboline deriv-
atives provides information on antioxidant effect of the 
non-enzymatic systems, that is the ability to counteract 
the ROS formation.
Antioxidant properties of the researched group of com-
pounds were marked with the DPPH test and the FRAP 
method was also applied to mark the complete ability 
of β-carboline derivatives to reduce Fe3+ ions, with the 
modification of Benzie and Strein’s method [3,4]. The 
compounds marked as MC311, MC 315, MC 316 and 320 
are the β-carboline derivatives which showed the strong-
est antioxidant properties. MC 322 is the compound with 
prooxidant properties.
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Introduction: The main mechanism underlying an ac-
quired QT syndrome and a potentially fatal arrhythmia 
called torsades de pointes (TdP) is the inhibition of po-
tassium channel encoded by hERG (the human ether-
a-go-go-related gene). A concentration producing half-
maximal block of the hERG potassium current (IC50) is a 
surrogate marker for pro-arrhythmic properties. The IC50 
values, obtained from data collected during electrophysi-
ological studies, are highly dependent on experimental 
conditions (i.e. model, temperature). Therefore the main 
objective of our work was to collect and analyze the hERG 
IC50 data available in accessible scientific literature to de-
velop the extrapolation factors allowing inter-system and 
inter-conditions IC50 values comparison. HEK model 
with measurement done in physiological temperature 
was chosen as a standard procedure.
Data and Methods: Approaches used to quantify drug-
hERG interactions include different in vitro procedures. 
Cell lines utilized as expression system for hERG include 
HEK 293 cells (human embryonic kidney), CHO cells 
(Chinese Hamster Ovary) or XO cells (Xenopus laevis 
oocytes). The final database contains 360 IC50 values for 
173 different molecules. Data records covering different 
in vitro models for single substance were chosen. Ratios 
for different IC50 values were calculated for every single 
pair of models (XO/HEK and CHO/HEK) and different 
temperature (room/physiological) — as the most sensitive 
variable — were computed. High risk value of IC50 was 
set to 1 for HEK model in physiological temperature.
Results: Median was chosen as the expected value of a 
random variable to avoid mean value sensitivity to the 
extreme IC50 values. Table and graph below presents in-
ter-system extrapolation factors with median absolute 
deviation (MAD) values. Room-to-physiological temper-
ature factor was set to 1.69 (MAD 1.08).

XO/CHO XO/HEK CHO/HEK 
n 115 111 80 
FACTOR 11.36 20.46 1.15 
MAD 9.17 15.2 0.74 

Examples and Conclusions: All IC50 values obtained in 
conditions different then HEK at the physiological tem-
perature were recalculated to enable direct comparison. 
78 records (22%) have changed their class from the low to 
the high risk group. The factors founded are useful tools 
for the hERG blockage IC50 values comparison and in vivo 
extrapolation.
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The aim of the study was to determine the total content 
of phenolic compounds and to compare the antioxidant 
activity of the extracts from biomass obtained from in 
vitro cultures of the Sarcodon imbricatus (L.) P. Karst. (Ba-
sidiomycetes) with fruit bodies, growing naturally in the 
forests of southern Poland. Furthermore, the qualitative 
and quantitative content of phenolic acids was specified. 
The objects of the study were the submerged in vitro cul-
tures cultivated on the optimalized liquid medium as 
well as the fruit bodies gathered from their natural state. 
Total phenolics (TP) were determined colorimetrically 
using Folin-Ciocaltea reagent, as described by Emmons 
et al. (1999). The antioxidant activity was determined 
by the FRAP (Ferric Reducing Ability of Plasma). In the 
experimental samples the phenolic acids contents were 
determined by HPLC (high-performance liquid chroma-
tography) method too. The total content of phenolic com-
pounds was 13.03 mg/g in the fruit bodies and 2.61 mg/g 
in the biomass from in vitro cultures. The extract obtained 
from the in vitro cultures showed the FRAP activity in the 
20.8 μM concentration, while the fruit bodies extract FRAP 
activity was found in the 508.29 μM concentration. In the 
extracts from in vitro cultures, five different phenolic ac-
ids and six ones in extracts from fruit bodies were deter-
mined quantitavely. In both of the examined extracts the 
protocatechuic acid (0.0062 mg/g d.w., 0.0242 mg/g d.w.) 
and the hydroxybenzoic acid (0.015 mg/g d.w., 0.0227 mg/
g d.w.) were found to dominate quantitatively.
References:
Benzie IFF et al (1996) Anal Biochem 239: 70–76.
Ellnain-Wojtaszek M et al (1999) J Liq Chrom Technol 22: 1457–
1471.
Emmons CL et al (1999) J Agricult Food Chem 152: 118–133.

P2.26

Effectiveness of modified liver 
preservation solutions

Florian Ryszka1, Lech Cierpka2, Zdzisław 
Smorag3, Grzegorz Budziński2, Barbara 
Dolińska2, Aneta Ostróżka-Cieślik2 
1„Biochefa” Pharmaceutical Research and Production Plant, 
Sosnowiec, Poland; 2Medical University of Silesia, Katowice, 
Poland; 3National Research Institute of Animal Production, 
Balice, Poland
e-mail: Aneta Ostróżka-Cieślik <aostrozka@wp.pl>

Studies on the effectiveness of original and modified by 
addition of prolactin (PRL) liver perfusion and preserva-
tion solutions were performed on ex vivo isolated rab-
bit and pig livers. Extent of cell structures injury during 
organ preservation was determined by the amount of 
the enzymes released into blood and intercellular space 
such as alanine aminotranferase ALT and aspartate ami-
notransferase AST.
It was proved that use of HTK solution slows AST and 
ALT release in comparison with other solutions, that is 
the reason of choosing it for further PRL effectiveness 
studies. Amount of released enzymes increased both in 
group of original HTK solution and in group of solution 
with addition of PRL. Although, addition of PRL in solu-
tion slows enzymes release. In case of ALT – the slowness 
was significant — 4.4 times in solution with PRL, in that 
one without PRL — 2.9 times. Similar results were ob-
tained for AST. Amount of released enzyme into solution 
with PRL increased 2.2 times and into solution without 
PRL – 1.3 times. These results prove that addition of PRL 
significantly effects on elongation of liver preservation 
time.
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Brassinosteroids belong to steroidal plant hormones 
which can regulate plant growth, the division of isolated 
protoplasts, the rate of photosynthesis, sugar uptake, up-
take and translocation of K+ and PO4- ions. The presence 
of steroidal sex hormones, like androgens and estrogens, 
in plants is a matter for debate but that selected steroids, 
applied exogenously to plants stimulate growth, flower-
ing, cell division and pollen germination (Janeczko et al. 
2003; Janeczko & Skoczowski, 2005).The aim of our work 
was to study the influence of 24-epibrassinolide and ani-
mal sex hormones: estrone and androsterone on the in 
vitro development of unpollinated pistils of Arabidopsis 
thaliana and Brassica napus cv. Topas. 24-epibrassinolide at 
a concentration of 5 μM stimulated the correct growth of 
female gametophytes inside ovules and induced autono-
mous endosperm (AE) development in 10.5% of unferti-
lized ovaries of Arabidopsis. The embryological analyses 
of plant material cultured on the media with addition 
of androsterone or estrone are in the course of prepara-
tions.
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The pharmaceutical industry is vigorously exploring 
processes of transformation of steroids for production 
of steroid hormones and steroid drugs, which possess 
mainly anti-inflammatory, anti-allergic, anti-cancer and 
anti-HIV properties [1].
A group of useful routes to obtain these compounds are 
biotransformations, which comprise mainly transforma-
tion with microorganism’s enzymatic systems or isolat-
ed enzymes. For example the 11β-hydroxylation is im-
portant in pharmaceutical industry for producing large 
amounts of glucocorticoids, which regulate or support 
a variety of metabolic and immunologic functions. The 
7α- and 7β-hydroxylation has also potential of industrial 
exploitation: 7α-hydroxylated DHEA may be helpful in 
some kinds of cancer and Alzheimer disease treatment, 
while 7α-hydroxypregnenolone is an effective activator 
of immune processes [2-5]. 
The abovementioned confirmed biological activity of 3β-
hydroxy-5-en-steroids and their derivatives had encour-
aged us in the presented work to investigate microbial 
transformations of 16α,17α-epoxypregnenolone and 16β-
methyl-16α,17α-epoxypregnenolone.
Transformations of these compounds were investigated in 
the Umbelopsis isabellina (Mortierella isabellina AM212) fungi 
cultures. We obtained and identified by chromatographic, 
spectroscopic and crystallographic methods the following 
derivatives which have potential biological activity and 
can be useful in pharmacology: 9,11α-dihydroxy-16α,17α-
epoxyprogesterone and 7α,9-dihydroxylated derivative 
from 16α,17α-epoxypregnenolone, and 7β,9-dihydroxy-
lated together with 7α,9-dihydroxylated derivatives from 
16β-methyl-16α,17α-epoxypregnenolone.
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For a number of years, it has been known that various 
microorganisms exhibit biological activity so as to be use-
ful to control plant diseases. Although progress has been 
made in the field of identifying and developing biological 
pesticides for controlling various plant diseases of agro-
nomic importance, most of them in use are still synthetic 
compounds. Biological control offers an attractive alter-
native to synthetic chemical compounds. Biopesticides 
(living organism and the naturally produced compounds 
secreted by these organisms) can be safer, more biode-
gradable, and less expensive to develop. 
Thereby, among of 650 strains of Bacillus genus, previ-
ously isolated from soil, two of them were tested for their 
ability to control the phytopathogenic bacterium Dickeya 
dianthicola (former name Erwinia chrysanthemi), cause of 
blackleg in potato plants in the field and soft rot of tu-
bers in storage. In vitro pathogenicity assays showed that 
Bacillus subtilis strains MB73/2 and MB5 strongly inhibit 
potato tissue maceration and growth of the pathogen.
Dickeya dianthicola growth was inhibited by whole broth 
and cell-free filtrates, suggesting that the inhibitory activ-
ity was due to extracellular metabolite(s) present in cell-
free supernatant fluids of cultured broth. After treatment 
with proteinase K, the antagonistic activity of cell-free 
supernatants was lost completely. Moreover, they were 
stable over a wide range of pH (4 to 9) and the optimum 
pH for the activity was about 6.5. The heat stability test 
(100°C for 15 min) showed that those strains produced 

heat-labile inhibitory compounds.
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Armillariella mellea is used in traditional Chinese medicine 
for the treatment of dizziness, headache, neurasthenia, in-
somnia, numbness in limbs and infantile convulsion and 
also used for the treatment of infectious diseases or can-
cers. The nonselenated and selenated mycelia of Armillar-
iella mellea were obtained from fermentation operations. 
One of mycelial culture was cultivated in media enriched 
in selenium — by addition of sodium selenite in concen-
tration 10mg ml-1. Selenium concentration in cultivated 
mycelial biomass under submerged conditions was de-
termined by RP HPLC method.The antioxidant proper-
ties and reducing power of aqueous and also methanolic 
extracts from obtained cultures were studied. Using the 
conjugated diene method (AOA), the antioxidant activity 
of aqueous and methanolic extracts from selenated myc-
elia were better than those from nonselenated mycelia. 
The methanolic extract had higher antioxidative activities 
than that of aqueous extract. The selenated mycelia were 
efficient in the reducing power and selenated aqueous ex-
tract showed significantly lower values. It seems that the 
enrichment of culture of Armillariella mellea with selenium 
has a good effect on the antioxidant activity and the re-
ducing power and may be used to help the human body 
reduce oxidative damage. 
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A high-throughput liquid chromatography-tandem mass 
spectrometry (LC/MS/MS) technique plays the important 
role in the evaluation of the pharmacokinetics (ADME) 
of drugs and exposure response in animals and humans. 
This method allows to analyze the number of samples 
for the quantitative determination of both drugs and its 
putative metabolites in commonly used biological matri-
ces, such as blood, plasma, serum, urine and also in some 
rare matrices, such as bile, bone and human milk. Intro-
duction of this technique increased sensitivity, specifi-
city, selectivity and speed of the bioanalytical methods. 
Moreover the hybrid LC/MS/MS systems allowing for 
analysis of multiple drugs in the same run are more reli-
able and cost-effective for routine use in biological sam-
ple analyses. Measurement of kinetics of drugs and their 
metabolites provides valuable information about their 
behavior in biological systems and can lead to optimiza-
tion of dosage regimens, estimation of drug interactions 
and adverse events and assessment of influence of genetic 
factors on pharmacokinetic profile of drugs. The LC/MS/
MS technique allows also for identification of molecular 
biomarkers of diseases and pharmacological effects. Cor-
relation between drug and biomarker concentration is 
the basis of the pharmacokinetic-pharmacodynamic (PK/
PD) modeling and plays important role in drug devepol-
ment. These applications will be presented on selected 
examples, concerning concentration analysis of new com-
pounds having amino alcohol moiety, pharmacologically 
effective as β-adrenergic blocking agents, N-methylnico-
tinamide and endothelin-1, the biochemical marker of the 
progression of pulmonary hypertension in rats. 
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Sarcodon imbricatus (L.) P. Karst. and Sparassis crispa Wulf.: 
Fr. are species of fungi belong to Aphyllophorales (Ba-
sidiomycetes). Both of this species are under legal protec-
tion in Poland. The aim of this study was to optimize of 
submerged culture conditions for mycelial biomass incre-
ments (MBI) during 4 weeks cycles of culture. Sarcodon 
imbricatus and Sparassis crispa in vitro cultures were estab-
lished from fruit bodies growing naturally in the forests 
of southern Poland. The optimal medium composition for 
submerged culture was determined. To investigate the ef-
fect of carbon and nitrogen source on hyphal growth, the 
mycelium was cultivated on the medium containing vari-
ous carbon (fructose, glucose, maltose, lactose, sucrose,) 
and nitrogen (amonium nitrate, sodium nitrate, hydroli-
zate of casein, malt extract, yeast extract) sources. Addi-
tionally the optimum initial value of pH and optimal tem-
perature for mycelial increments were determined. The 
optimal medium composition for biomass increments of 
Sarcodon imbricatus was 5% fructose (MBI=8.0 g d.w/dm3) 
and 1% hydrolizate of caseine (MBI=9.6 g d.w/dm3). Max-
imal growth of biomass was observed at initial value of 
pH=6.0 (MBI=4.8 g d.w/dm3) and optimal temperature of 
incubation was 30oC (MBI=9.4 g d.w/dm3). The optimal 
medium composition for biomass increments of Sparassis 
crispa was 5% glucose (MBI=13.7 g d.w/dm3), 1% hydroli-
zate of caseine (MBI=7.95 g d.w/dm3). Maximal growth of 
biomass was observed at initial value of pH 6.0 (MBI=9.92 
g d.w/dm3) and optimal temperature of incubation was 
30oC (MBI=7.95 g d.w/dm3). The obtained results show 
that submerged in vitro cultures of Sarcodon imbricatus and 
Sparassis crispa could be useful object for future chemical 
analysis. 
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The overground parts of St. John’s Wort, Hypericum perfo-
ratum (Hypericaceae) among of hypericin, phenolic acids, 
aromatic oil and other compounds contain also the flavo-
noids. They have monomer and dimer structures. 
The aim of the present studies was qualitative and quan-
titative analysis of flavonoids and biflavonoids in extracts 
from biomass from in vitro cultures of H. perforatum. For 
comparison the overground parts of St. John’s Wort were 
analysed. In vitro cultures were maintained on solid Mu-
rashige-Skoog (MS) medium supplemented with growth 
regulators: BAP — 1 mg/l and NAA — 0.5 mg/l, under 
constant artificial light (4W/m2). Contents of flavonoids 
(quercetin, kaempherol, myricetin, apigenin, luteolin) 
and biflavonoids (amethoflavon) were determined using 
HPLC method.
As well as in biomass from in vitro cultures and Hyperici 
herba all monomer compounds and amentoflavon were 
identified.
Myricetin (0.277 mg/ 100g d.w.) was the major metabolite 
in the biomass from in vitro cultures however, in over-
ground parts from St. John’s Wort the major metabolite 
was apigenin (12.902 mg/ 100g d.w.). Total amount of 
monomer flavonoids were higher in Hyperici herba (37.163 
mg/100 g d.w.) than in in vitro cultures (0.743 mg/100 g 
d.w.). The content of dimer flavonoid — amentoflavon 
was estimated only in biomass from in vitro cultures 
(0.324 mg/ 100g d.w.).
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Acyclovir-resistant herpes simplex infection is one of the 
most actual problems for immunocompromised patients. 
We have made special computer algorithms for checking 
acyclovir-resistance of HSV1 and HSV2 on the molecu-
lar level of viral thymidine kinase (available on: www. 
barkovsky. hotmail. ru). We revised the data of active 
sites and conserved regions mapping [1,2] using all avail-
able in GenBank nucleotide sequences of genes coding 
for thymidine kinases from simplex and varicello viruses. 
For checking the acyclovir-resistance one should simply 
paste the nucleotide sequence of the gene coding for thy-
midine kinase into the special cell on the “sequence2” list. 
The answer “This thymidine kinase is resistant to acyclovir” 
will appear on the “RESULT” list in case of: i) frameshift 
mutations, ii) nonsence mutations, iii) altering of ATP-
binding or nucleoside-binding sites, or iv) occurrence of 
critical mutations included in our data base. When there 
is a substitution in active site of thymidine kinase that 
leads to the appearance of amino acid residue observed 
in phylogeny, or when amino acid substitutions have 
not taken place in conserved regions and they are not in-
cluded neither in our data base of polymorphism nor in 
our database of critical mutations, the answer would be 
the following: “This thymidine kinase is likely to be sensitive 
to acyclovir”. The answer “This thymidine kinase is likely to 
be resistant to acyclovir” will appear if substitutions took 
place in conserved regions but not in the active sites of 
thymidine kinase. The answer “This thymidine kinase is 
sensitive to acyclovir” will appear in case of polymorphic 
and synonymous substitutions. There are 54 sites of poly-
morphism and 21 critical mutations known for HSV1 thy-
midine kinase, while there are only 2 polymorphic sites 
and 19 critical mutations discovered for HSV2 enzyme. 
We have also found 7 amino acid residues conserved 
in all thymidine kinases from simplex and varicello vi-
ruses that have not been mentioned previously as con-
served ones. Options for checking acyclovir-resistance of 
thymidine kinases with untranslated first 45 amino acid 
residues and HSV2 thymidine kinases with proline 271 
deletion are also included. On the “information” list one 
can find all necessary data about types of observed muta-
tions. 
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Chymotrypsin-like serine proteases such as human mast 
cell chymase, cathepsin G and microorganisms’ subtilisin 
are considered as the attractive targets for new inhibitor 
development and design of new potential drugs. It was 
shown that inhibition of subtilisin-like enzyme of the 
Cryptosporidium spp. parasite significantly diminished in-
fection in cell culture emphasizing the potential of this 
family of enzymes as a drug target [1]. A dual-active in-
hibitor of leukocyte protease cathepsin G and mast cell 
chymase has been proposed as a drug candidate for the 
simultaneous treatment of asthma and chronic obstruc-
tive pulmonary disease [2]. One of the selective human 
mast cell chymase inhibitors was active as an anti-inflam-
matory agent in several animal models of inflammation 
[3]. The inhibitors of mast cell chymase may be also use-
ful for preventing cardiovascular disease and many com-
pounds, including phosphonate-type chymase inhibitor 
Suc-Val-Pro-PheP(OPh)2, proved their activity in several 
animal models [4]. In this report we describe the series 
of new derivatives substituted at phenyl diester rings – 
phosphonic analogues of phenylalanine and leucine – as 
inhibitors of chymotrypsin and subtilisin. The chemical 
nature and position of examined substituents clearly dem-
onstrated a strong structure-activity relationship. Among 
all synthesized compounds the most potent phosphonic-
type inhibitors of subtilisin and chymotrypsin were iden-
tified, with the k2/Ki values 114 380 M-1s-1 and 307 380 
M-1s-1, respectively. 
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Hesperitin is a poorly soluble plant molecule (flavonone) 
with anti-oxidative capacity, it is also a phospholipase A2 
inhibitor, therefore of high interest for dermal cosmetic 
and pharmaceutical products. It has also other pharmaco-
logical activities such as anti-inflammatory, anti-allergic, 
and vasoprotective, and also considered to be anti-car-
cinogenic. However, due to its poor solubility in water 
and in oils, the penetration into the skin is low, and it has 
a poor oral bioavailibility. Therefore nanocrystals were 
produced, which possess a higher kinetic saturation solu-
bility and an increased dissolution velocity. For example, 
nanosuspensions increased the dermal bioactivity of the 
poorly soluble rutin by a factor of 500 compared to the 
water soluble synthetic derivative rutin-glucoside.
Hesperitin nanocrystals were produced by dispersing the 
hesperitin powder in surfactant/stabilizer solutions. The 
obtained macrosuspensions were subjected to high pres-
sure homogenization applying a pre-milling at increasing 
pressures followed by 20 homogenisation cycles at 1500 
bar (LAB 40 homogenizer, APV Deutschland, Germany). 
The effect of the type of stabilizer and the number of 
homogenisation cycles on the nanocrystal size and size 
distribution was studied. Stabilizers used were Tween 
80, Plantacare 2000, and as primarily steric stabilizers 
Poloxamer 188 and Inutec. Size analysis was performed 
by photon correlation spectroscopy (PCS, Zetasizer Nano 
ZS, Malvern Instr., UK) and laser diffractometry (LD, vol-
ume distribution, Malvern Mastersizer 2000). The PCS 
diameters achieved after 20 cycles were in the range of 
about 320 nm to 380 nm, the minimum PCS size being 
typically achieved after 15 cycles. Poloxamer proved to be 
the most efficient stabilizer for preserving the nanocrys-
tal size directly after the production process (320nm). A 
cycle number higher than 15 mainly removed remaining 
larger sizes crystals or crystal aggregates, thus narrowing 
the size distribution, as seen by the decrease in the LD 
diameter 99%.
The obtained nanosuspensions were investigated in a 
short term stability study storing them at 4–8°C, room 
temperature and at 40°C. In this study, especially at 40°C, 
Plantacare 2000 and Inutec preserved best the nanocrys-
tal size. Based on this, they are best suited for dermal 
products such as creams. However all four differently 
stabilized nanosuspensions can be used for the produc-
tion of oral dry dosage forms (tablets by granulation with 
the nanosuspension).
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Today UV protection via dermal application is an impor-
tant issue, as it is well recognized that UV exposure not 
only promotes accelerated skin aging but also severe dis-
eases, e.g. skin cancer. Sunscreens are an effective tool to 
avoid skin damage. Traditional sunscreens have several 
disadvantages, e.g. undesired penetration of the UV ab-
sorbers into the skin, where they can cause irritations, or 
degradation of the UV absorbers due to UV or oxygen ex-
posure. These problems could be overcome by encapsu-
lating the actives into small vehicles. A suitable formula-
tion principle are Nanostructured Lipid Carriers (NLC). 
Advantages of NLC over other nanoparticles are a high 
active load, skin protecting properties and the fast pro-
duction method using high pressure homogenisation.
The UV absorbers Parsol MCX, Tinosorb S and Uvinul 
T150 were used as a fixed mixture (ratio: 7:1:3) for the in-
corporation into the NLC. Plantacare 2000 was used as 
surfactant.
Among tested lipids, carnauba wax based NLC showed 
highest melting point (>80˚C), making them suitable for 
dermal application and sun exposure. Carnauba wax 
based NLC have also other benefits, e.g. good long term 
stability. This is due to a very high zeta potential >|65| 
mV of the dispersed particles. A hormone like activity 
has been reported for some sunscreens, when absorbed 
through the skin. Therefore, the in vitro release has been 
assessed, using Franz diffusion cells, in order to compare 
NLC encapsulated UV filters and an emulsion containing 
the same quantity of the mentioned actives. The results 
show that the release from the particles is 4-fold lower. 
The release profile from the two formulations confirms 
the ability of the NLC formulations to offer a controlled 
release, while the tested emulsion showed a burst release. 
Two formulations, a traditional emulsion and an NLC 
based sunscreen, have been tested for SPF. An SPF of 
about 7 has been reached using only 2.4% of the UV fil-
ters mixture in the NLC formulation, while the same SPF 
value could be reached with 3.2% of the UV filters when 
incorporated in a traditional cream. This is due to a dual 
mechanism of action of the NLC based sunscreens: UV 
filtering, due to the UV filters, and light reflection, due to 
the solid nature of the NLC. The NLC dispersion can be 
easily incorporated into consumer appealing final formu-
lations. In conclusion: Entrapped UV blockers in NLC are 
an effective carrier system for enhanced but safe of UV 
protection.
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Introduction: Poor solubility and slow dissolution veloc-
ity is often associated with poor bioavailability, because 
slow dissolution is the rate limiting step for absorption 
(class II drugs of the biopharmaceutics classification sys-
tem (BCS)). The transformation of macro-sized drug pow-
ders into nano-sized particles increases the solubility and 
the dissolution velocity. Thus the oral bioavailability of 
BCS class II drugs can be increased by the production of 
nanocrystals. The nanonization process leads to aqueous 
nanosuspensions, being inconvenient for oral administra-
tion. Thus the transformation of aqueous nanosuspension 
into a solid dosage form is highly important.
Methods: A rutin nanosuspension was produced via 
high pressure homogenization (HPH) and transferred 
into nanocrystals powder by lyophilization. Photon cor-
relation spectroscopy (PCS) and laser diffraction (LD) 
were employed to determine the particle size. The re-
dispersability and the saturation solubility (cs) were also 
determined.
Results: The aqueous nanosuspension revealed a mean 
particle size of 728 nm and a polydispersity index (PI) 
of 0.265. HPH did not change the crystalline state. The 
lyophilized rutin nanocrystals could be re-dispersed in 
water completely. After re-dispersion, the PCS size was 
721 nm and the PI was 0.288, indicating that the nanoc-
rystals did not change during the lyophilization proc-
ess. The cs of lyophilized rutin nanocrystals in water was 
133.3 μg/ml, being distinctly higher than the cs of rutin 
microcrystals (124.4 μg/ml). Dissolution of lyophilized 
rutin nanocrystals were dominant compared to the raw 
material. Rutin nanocrystals were dissolved completely 
within 15 minutes in water and buffers having a pH of 1.2 
and 6.8. Whereas the raw material after 15 minutes were 
dissolved only 65%, 78% and 81% in water and buffers 
having a pH of 1.2 and 6.8, respectively.
Conclusions: The transfer of aqueous nanosuspensions 
into solid dosage forms is possible via lyophilization. Ly-
ophilized rutin nanocrystals provide superior physico-
chemical properties when compared to microcrystals and 
enable a much more convenient oral application, when 
compared to aqueous nanosuspensions.
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The antioxidant properties of rye bran alkylresorcinols 
(homologues from C15:0 to C25:0) and the extracts from 
whole-grain cereal products were evaluated using radi-
cal-scavenging activity on DPPH and the chemilumines-
cence method (CL). The DPPH radical reduction varied 
from ~10% up to ~60% for alkylresorcinol homologues at 
concentration from 5 μM to 300 μM, and was not depend-
ent on the length of alkyl side chain of particular homo-
logue. The differences between the EC50 values, obtained 
from the DPPH method, were not statistically significant, 
and varied from ~150 μM for homologue C23:0 up to ~190 
μM for homologue C15:0. Moreover, the EC50 values for 
all alkylresorcinol homologues were significantly higher 
than for Trolox and α-, δ-, and γ-tocopherols, compounds 
used as positive controls. This observation confirmed that 
alkylresorcinols posses antioxidant activity but about ten 
times lower than tocopherols and Trolox. The lumines-
cence inhibition was evaluated for all tested alkylresorci-
nol homologues at concentration of 5 μM and 10 μM, and 
varied from ~27% for homologue C15:0 up to ~60% for 
homologue C19:0 at concentration of 5 μM, and from ~61% 
for homologue C21:0 up to ~77% for homologue C17:0 at 
concentration of 10 μM. The antioxidant activities of the 
extracts from whole-grain products were tested and com-
pared to the total amount of alkylresorcinols evaluated in 
the extracts. The DPPH radical reduction for whole-grain 
breads varied from ~7% up to ~17% and for whole-grain 
breakfast cereals from ~12% up to ~43%. The lumines-
cence reduction for whole-grain breads varied from ~37% 
up to ~77% and for whole-grain breakfast cereals from 
~42% up to ~91%. In the case of the extracts from whole-
rye and whole-grain breads we could not obtained clear 
dependence between the DPPH radical and CL reduction 
levels and the amount of total alkylresorcinols. Such de-
pendence was, however, obtained for whole-grain break-
fast cereals in which the DPPH radical and CL reduction 
level decreased in the order rye>wheat>mixed>barley 
breakfast cereals. Therefore, it may be considered if anti-
oxidant activity of alkylresorcinols could be of potential 
importance to food industry, continuously searching for 
natural antioxidants, used for protection of food products 
during their processing and storage.
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The genus Mentha belonging to the family Lamiaceae con-
sists of about 25 species and many varieties. These spe-
cies are widely distributed all over the world and can be 
found in many environments. Mint is important agricul-
tural crop because of their culinary, fragrance as well as 
medicinal properties. In folk medicine mint was used to 
aid digestion, to treat stomach aches and chest pains. It 
also posses diuretic properties. Mint is a rich source of 
many phenolic compounds which have been associated 
with several health benefits. They possess antioxidant 
and free radicals scavenging properties and show anti-
inflammatory effects. The most common and popular for 
cultivation mints are Mentha piperita and Mentha longifo-
lia, which were the objects of this study. The presented 
experiment was to work out a method of obtaining cal-
lus tissues which may be used for synthesis of flavonoids 
in mints and to characterize the chemical composition 
of phenolics. Materials of the research were Mentha pip-
erita and Mentha longifolia plants growing on a field as 
well as those coming from in vitro cultures. Fragments of 
their leaves were also used to maintain callus cultures. 
Crude extracts were obtained through the extraction of 
lyophilized plant material with ethanol. The flavonoid 
fractions were purified by Solid Phase Extraction (SPE). 
These extracts were sucked through C18 short column. 
To elute flavonoids these columns were washed with 40% 
ethanol. Flavonoids fractions were then analyzed. The 
phytochemical analysis was carried out by the ultra per-
formance liquid chromatography technique. The analysis 
was performed on an UPLC BEH C18 column (1.7 mm, 50 
mm × 2.1 mm) utilizing a gradient elution profile and a 
mobile phase consisting of 0.1% CH3COOH in water and 
40% AcN. The column was maintained at 50°C.Obtained 
UPLC chromatograms showed considerable differences 
in the synthesis of secondary metabolites between plant 
coming from field, those from in vitro conditions and 
callus tissues derived from them. Plant tissues coming 
from field cultivation (both M. piperita and M. longifolia) 
contained several phenolics compounds, whereas plants 
from in vitro conditions and similarly callus tissues con-
tained only a few of them, moreover one compound was 
dominated. This results show that under in vitro condi-
tions the metabolism of phenolics undergoes a funda-
mental change.
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It is known all around the world that eating fruit and 
vegetable have positive effect on human’s health. Those 
are valuable source of natural antioxidants. Antioxidants 
protect cells from damage caused by unstable molecules 
known as free radicals. It is needed to supply organism 
with antioxidants. Antioxidants effectiveness system then 
depends to receipts antioxidant and their antecedent in 
food. Determination of antiradicals’ activity in greengro-
cery, and anthocyans in darkness sort fruits was the aim 
of this report. Content of anthocyan colours was set on 
Spekol 11, Carl Zeiss Jena. Anthocyan pigments were af-
ter extraction from tought materials with oxidized etha-
nol or after directly solution of liquid samples with HCl in 
ethanol stated with spectrophotometric measurement of 
absorbance in absorbent maximum. To evaluate the anti-
oxidant activity by method based in reaction of antioxi-
dants with a stable radical (2,2-diphenyl-1-picrylhydra-
zyl (DPPH°) in methanol solution was used. Maximum 
quantity of anthocyans between darkness fruits are meas-
ure in bilberries (8.34 g×kg-1), than in black cherry vari-
ety Morela late (6.17 g×kg-1) and black chokeberry (5.12 
g×kg-1). Antiradical’s activity (% inhibition) in darkness 
sort fruits was relatively high. Maximum antioxidant ac-
tivity was finding in cornelian cherry (88.1% inhibition), 
in mulberry (82.39% inhibition) and in rowan (76.84% in-
hibition). Additional species greengroceries are inserting 
for extension spectrum antioxidant activities. Following 
genera account antioxidants activity even though, that 
doesn’t contain anthocyan pigments. Maximum percents 
inhibition was reached: grape rizling vlaśský (79.2% in-
hibition), apple variety Transparent glistening (73.53 % 
inhibition) and from vegetable it was capsicum variety 
Imeľská red and green too, next by pumpkin variety Kve-
ta. Scientific research certify aptitude for greengroceries 
recapturing free radicals. Prevention oncological and next 
disease contiguous with antioxidant status may provide 
for more supply fruits and vegetables.
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Human prostatic acid phosphatase (PAP) catalyses hy-
drolysis [EC 3.1.3.2] of many phosphoesters (nucleotides, 
phospho-sugars, -lipids and -proteins on phospho-serine, 
-threonine and -tyrosine residues). Moreover PAP dis-
plays transferase and protease catalytic activities. In sem-
inal fluid PAP dephosphorylates semenogelins and LPA. 
In prostate cells PAP dephosphorylates in vivo receptor 
cErbB2 at tyrosine residues diminishing its kinase activ-
ity. In prostate cancer cells the level of PAP is decreased 
and hyperphosphorylation of cErbB2 at tyrosine residues 
and activation of the downstream extracellular signal-
regulated kinase (ERK)/mitogen activated protein kinase 
(MAPK) signaling is observed, which results in prostate 
cancer progression. Thus PAP is a prostate tumor sup-
pressor. PAP was found by us to belong to regulatory 
(homoallosteric) enzymes: it exhibits positive cooperativ-
ity in substrate binding; substrates are activators (homo-
tropic positive effectors) of PAP. Degree of cooperativity 
grows when PAP concentration increases and depends on 
the chemical nature of the substrate molecule [1]. The co-
operativity exhibited by PAP is dependent on its quater-
nary structure alterations (ligand-induced, concentration-
dependent dissociation/association of catalytically active 
PAP oligomeric forms) [2]. Models of Frieden, of Nichol 
and of Kurganov describe the best cooperative and al-
losteric properties of PAP. Models of MWC and KNF are 
therefore not adequate. The detailed studies on inhibition 
of PAP catalytic activity by L(+)-tartrate and metavana-
date when phenyl phosphate (FP) was used as artificial 
substrate were performed by us. L(+)-tartrate, an anion 
of trigonal bipyramide structure, analogous to transition 
state of substrate, is a known stereospecific inhibitor of 
PAP, used for many years in clinical diagnostics. Vanad-
ate, inhibitor of many enzymes concerned with metabo-
lism of phosphate, is able to adapt to pentacoordinate 
complex at the active site which resembles the transition 
state for phosphoryl transfer. L(+)-tartrate was found to 
be a linear competitive inhibitor of PAP-catalysed hydrol-
ysis of phenyl phosphate that diminish the cooperative 
character of PAP. Metavanadate was found to be a nonlin-
ear competitive inhibitor of PAP that does not change the 
cooperativity in substrate bindng exhibited by PAP.
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Ribosome is the ribonucleoprotein complex, composed of 
two subunits, called 30S (Procaryota) or 40S (Eucaryota) 
– small subunit and 50S (Procaryota) or 60S (Eucaryota) 
– large subunit. The small subunit 30S contains a single 
rRNA 16S (about 1500 nucleotides of length) and about 20 
proteins, 40S comprises a 18S (about 1800 nt) and about 
25 proteins; large subunit 50S form a 23S and 5S rRNA 
(about 2900 nt) and about 30 proteins, 60S contains a 23S, 
5S and 5.8 S rRNA (about 3500, 120 and 158 nt) and about 
40 proteins. The function of ribosome is decoding the ge-
netic message, what occurs in a small subunit and next 
catalyzing the formation of peptide bonds, that is taking 
place in a large subunit. Protein synthesis is a dynamic 
process during that, tRNA and mRNA are translocated 
through the ribosome, what is catalyzed by elongation 
factor G (EF-G or EF2). 
Ribosomal subunits, small and large, are joined by a se-
ries of bridges that are conserved among mitochondrial, 
bacterial and eucaryal ribosomes. Bridges have many 
roles, to joining the subunits together during the initia-
tion phase of protein biosynthesis, factors and ribosome 
interactions, transmission of signals between the func-
tional center and of the two subunits, mediation of rela-
tive movement of subunits during translations, and mod-
ulation of tRNA — ribosome interactions. 
The most important for understanding of the translation-
al mechanism is how the ribosome subunits interact. In 
order to be useful in ribosomal function, there are specific 
regions in rRNA (highly conserved, single stranded) in-
volved in ribosomal subunits bridges formation. We test 
the changes of the interactions between ribosomal subu-
nits in ribosomes from plants, which were under herbi-
cide stress in comparison with non-stressed plants. We 
dispose 3 lines of Zea mays behandelts herbicides Round 
Up and Titus, which drew a distinction of the reaction 
on the stress conditions. We selected in sequence of Zea 
mays specific regions of rRNAs which are highly con-
served, single stranded and involved in ribosomal bridg-
es formation and project an antisense oligonucleotides 
2’OMe-RNA to be use as a research tool. Specificity of the 
a-RNA/ribosome interactions was assured using bioin-
formatics algorithms and the analysis of the free energy 
(ΔG) of RNA/RNA duplexes. 
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Antibodies and their fragments (Fab and scFv) can be 
used for co-crystallization of various proteins that are 
otherwise difficult to crystallize such as membrane pro-
teins. Specific antibodies may stabilize native structure of 
proteins and extend hydrophilic regions of contact within 
the protein which are crucial for the successful and effi-
cient crystallization.
The aim of this work was to use phage display method to 
generate scFv fragments specific towards photosystem II 
core complex (PSIIcc) that would potentially permit crys-
tallization of this membrane proteins complex.
The scFv were isolated from two large (~1×108) synthetic 
cDNA libraries Tomlinson I+J. Three rounds of immu-
noselection were followed by production and screening 
of sixty different monoclonal scFv. Twenty out of sixty 
tested scFv showed high and medium affinities towards 
PSIIcc. One selected positive scFv fragment named ID1 
was produced in larger scale and exhibited high affinity 
towards PSII and PSIIcc which was demonstrated with 
ELISA. In conclusion the isolated ID1 antibody fragment 
could be eventually used in attempt to crystallize PSIIcc 
as well as PSII.
Reference:
1. Marks J.D et al (1992) J Biol Chem. 267: 16007–16010.
2. Smith G.P et al (1997) Chem Rev 97: 391–410.
3. De Wildt R. et al (2000) Nature Biotech 18: 989–994.
4. Hunte C. et al (2000) Structure 8: 669–684.
5. Evans P. et al (2008) Acta Cryst D64: 1–10.


	Lectures
	L2.1
	L2.5
	L2.10
	L2.15

	Oral Presentations
	O2.1
	O2.5

	Posters
	P2.1
	P2.5
	P2.10
	P2.15
	P2.20
	P2.25
	P2.30
	P2.35
	P2.40


