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Application of mycorrhiza in crop 
production, bioremediation and 
bioenergy sector based on in 
vitro production technology
Alok Adholeya
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Arbuscular mycorrhizal fungi (AMF), a rhizospheric fungi 
forms an obligate symbiotic association with a majority of  
terrestrial plants. It acts as finer root hairs increasing the area 
of  interaction with soil and as a result accruing multifari-
ous benefits for the host ranging from enhanced nutrient 
uptake, drought resistance, disease resistance and soil im-
provement leading to higher plant productivity. AMF is be-
ing effectively used in agriculture, forestry, and horticulture 
among other multitude of  applications in different parts of  
the world. In spite of  these well-known advantages AMF is 
not fully exploited for its use with one of  the reasons be-
ing the lack of  awareness among farmers and insufficient 
visibility accorded to the gains achieved by AMF. Another 
reason is also the difficulty faced in producing high qual-
ity AMF in a large scale. AMF is being currently produced 
in soil-based systems, which faces space constraints, short 
shelf  life as well as contamination from other microbes. 
We have successfully overcome these lacunae and devel-
oped an in vitro based mass production technology. The 
inoculum produced using this technology is pure and yields 
are high. Small concentrated doses can be utilized in large 
areas using formulations suited to the application solving 
many problems associated with pot based inoculum. Vast 
numbers of  field trials have been laid out for Agriculture, 
Forestry, Bioremediation needs as well as bioenergy yield-
ing plantations to successfully demonstrate the advantages 
of  high yield, fertilizer savings and environmental cleaning. 
These trials have also resulted in generating an increased 
awareness as well as acceptance among users. Considering 
all the aspects of  in vitro based AMF, it can safely be said it 
is the biofertilizer of  the future.
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Plants and their potential to remediate 
heavy metal contaminated soil
Irene K. Lichtscheidl, Wolfram Adlassnig

University of Vienna, Cell Imaging and Ultrastructure Research, Vienna, 
Austria
e-mail: Irene Lichtscheidl <irene.lichtscheidl@univie.ac.at>

Some heavy metals, including Cu, Zn and Fe, are essential 
micronutrients in all organisms, required for a wide variety 
of  physiological processes; at supraoptimal concentrations, 
however, they are toxic. The maintenance of  the internal 
concentration of  essential metals between the limits of  
deficiency and toxicity, and the ability to detoxify nones-
sential metals is referred to as “homeostasis”. Like all other 
organisms, plants and plant cells have evolved sophisticated 
mechanisms to control metal homeostasis at the level of  
uptake, distribution, sequestration, and export. Toxic con-
centrations of  heavy metals in the soil occur either from 
natural ore outcrops or from man-made metal mining and 
industry. Whereas most plants cannot grow in these habitats 
(“metal-sensitive plants”), a limited number of  plant species 
has been able to evolve mechanisms of  metal tolerance and 
to grow in such metalliferous soils (“metal-tolerant plants”), 
resulting in vegetation patches that clearly differ from the 
surroundings. They possess naturally selected higher levels 
of  tolerance that are mostly specific for certain metals. The 
main components of  plant metal tolerance and homeostasis 
are uptake, transport, chelation and sequestration process-
es. The molecular mechanisms of  these processes are being 
unravelled with most of  the progress being made in Ara-
bidopsis. Several metal transporters suggested to function in 
metal uptake from soil and candidate transporters for in-
tracellular compartmentalisation have been cloned. Genes 
have been identified that encode plant metal chelators or 
chelator producing ezymes which contribute to metal de-
toxification by buffering cellular metal activities. Evidence 
of  chaperones and intracellular metal trafficking pathways 
is emerging. Some plants do not only tolerate high levels of  
metals in the soil but they even hyperaccumulate them. About 
400 species belonging to different taxa have been described 
as hyperaccumulators. They are characterised by enhanced 
metal uptake, as well as enhanced metal translocation to 
the shoots, resulting in heavy metal concentrations up to 
2%. The mechanisms underlying these traits are not yet un-
derstood. Understanding of  the physiology and molecular 
genetics of  hyperaccumulators is a pre-condition to utilize 
such plants and their specific genes for the amelioration of  
the soil (“phytoremediation”). Based on practical experi-
ence, we will discuss the potential of  plants for remediation 
of  areas polluted by heavy metals. 
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Arbuscular mycorrhizal fungi as 
key actors in agro-ecosystems
hervé Dupré de boulois

Université catholique de Louvain (UCL), Earth and Life Institute (ELI), 
Mycology, Belgium
e-mail: Hervé Dupré de Boulois <herve.dupre@uclouvain.be>

Within plant communities, roots are intimately associated to 
arbuscular mycorrhizal fungi. Due to their central position 
at the soil and plant interface, these obligate symbionts play 
key roles in ecosystem functioning (e.g. nutrient cycling, 
plant community composition). Here, their importance will 
be discussed in the context of  sustainable agriculture. We 
will also review some of  the anthropogenic constraints that 
impact these fungi, and discuss biotechnological advances 
that could enable the application of  safe and reliable myc-
orrhizal inoculum.
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Products from plants used 
in phytoremediation
M. N. V. Prasad
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Plant based technologies (= phytoremediation) for environ-
mental contamination assessment and abatement of  pollu-
tion are considerably gaining significance both in develop-
ing and developed nations. In India alone it is estimated 
about 20 000 abandoned mine sites covering about 60 dif-
ferent kinds of  minerals. Biological interventions mediated 
by wide array of  species are able to remove unwanted com-
pounds from the biosphere, thus contribute significantly 
to pollution abatement. Plants are able to indicate, exclude, 
accumulate hyperaccumulate or metabolise toxic inorganic 
or organic substances. Thereby they contribute significant-
ly to the fate of  chemicals, and they can be used to remove 
unwanted compounds from the biosphere. On the other 
hand, chemicals can enter the food chain via plants, which 
cause unwanted/causing harmful effects. 
As of  February 2010, about 15 000 articles have been pub-
lished on various aspects of  bioremediation starting with 
only 11 in 1989. Thus, there has been a steep rise in scien-
tific investigations and a real knowledge explosion in phy-
toremediation for pollution abtement and environmental 
solutions. 
Phytoremediation is the use of  plants to accumulate, re-
move or render harmless toxic compounds contaminating 
the environment. Plants absorb/adsorb/exclude, transloca-
tion, store or detoxify inorganic and organic contaminants. 
There by they contribute significantly to the fate of  these 
contaminants from the biosphere. Thus, contaminants 
(inorganic and organic) can enter the food chain when 
bioavailability, which would cause unwanted effects. Many 
think that phytoremediation is a temporary solution and of-
ten scientists and regulators have expressed apprehensions 
about phytoremediation. The following are the frequently 
asked questions 
a) How does phytoremediation it works? 
b) How to select plants suitable for fostering remediation? 
c) Will phytoremediation work on every heavy metal con-
taminated/ polluted site? 
d) How to dispose of  the plants contaminated in this de-
contamination process? 
e) How to manage the risk based phytoremediation? 
The above questions will be answered by choosing selected 
“model plants of  phytoremediation”.



Abstracts6            

L1.5

Yeast metabolic engineering 
for improvement of current 
producers of biofuels
A. A. Sibirny1,2
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Department of Biotechnology and Microbiology, Rzeszow, Poland
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Yeast Saccharomyces cerevisiae is used for industrial produc-
tion of  the first generation biofuels (ethanol from sucrose 
or starch), however, ethanol yield does not exceed 93%. To 
increase the ethanol yield, in baker’s yeast S. cerevisiae, genes 
coding for ATPases have been cloned and overexpressed 
resulting in increase of  ethanol yield and simultaneous de-
crease of  glucose conversion to biomass. Production of  
the second generation biofuels from plant biomass requires 
metabolic engineering of  the yeast strains for efficient al-
coholic fermentation of  pentoses, xylose and l-arabinose. 
S. cerevisiae strains fermenting xylose have been isolated 
ether by introduction of  heterologous genes XYL1 and 
XYL2 from natural xylose-fermenting yeast Pichia stipitis, 
or introduction of  bacterial or fungal genes coding for 
xylose isomerase. l-Arabinose-fermenting S. cerevisiae has 
been constructed by introduction of  genes coding for bac-
terial pathway of  this pentose metabolism. Simultaneously, 
strains of  thermotolerant yeast Hansenula polymorpha with 
improved xylose ethanolic fermentation at high tempera-
tures (45–48oC) have been isolated either by expression 
of  bacterial xylose isomerase or by overexpression of  en-
gineered own xylose reductase XYL1m and native xylitol 
dehydrogenase XYL2, xylulokinase XYL3 and pyruvate 
decarboxylase PDC1. Efficiency of  xylose fermentation 
can be further increased also in the best natural xylose fer-
menting yeast P. stipitis by overexpression of  modified xy-
lose reductase XYL1m, xylitol dehydrogenase XYL2, xylu-
lokinase XYL3 or alcoholc dehydrogenase ADH1 together 
with pyruvate decarboxylase PDC1. Yeast strains directly 
fermented starch, xylan and cellulose also have been iso-
lated. Higher alcohols have some advantages to be used as 
biofuels as compared to ethanol. Engineered strains of  S. 
cerevisiae producing isobutanol instead of  ethanol have been 
constructed by deletion of  pyruvate decarboxylase PDC1 
and overexpression of  own enzymes involved in synthesis 
of  fusel alcohol isobutanol through valine catabolic path-
way. Yeast S. cerevisiae could be a promising organism for 
heterologous expression of  hydrogen-producing hydroge-
nases. Perspectives in construction of  advanced yeast pro-
ducers of  alcohols and biohydrogen will be discussed.

Oral Presentations
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Use of mycorrhizal fungi in commercial 
production of temperate, terrestrial orchids
Grzegorz Wojtczak

Jagiellonian University, Institute of Environmental Sciences, 
Gronostajowa 7, 30-387 Kraków, Poland
e-mail: Grzegorz Wojtczak <G.Wojtczak@gmail.com>

Orchids are one of  the largest and most diverse plant fami-
lies. All 25 000 species are thought to depend upon mycor-
rhizal fungi during germination and/or seedling stage. This 
dependency is caused by a reduced seed size and the lack of  
seed storage tissue. Orchid mycorrhizal fungi, although eas-
ily cultivated under laboratory conditions, haven’t been yet 
applied for commercial propagation of  those plants. Ap-
proximately 80% of  orchids belong to epiphytes and live in 
tropics. Seedlings of  those species rely on photosynthesis 
to much greater extent than in case of  terrestrial orchids. If  
raised from seeds in artificial conditions, epiphytic orchids 
can develop without mycorrhizal fungi on a nutrient-rich 
medium with organic additives. Still however, relatively lit-
tle number of  species has been brought into culture. Also, 
commercial market almost exclusively relies on tropical or-
chids species and hybrids, easily raised without symbiotic 
fungi. Minor attention has been paid to terrestrial, temper-
ate (TT) species, less successfully propagated asymbioti-
cally. Most probable factors involved in this partial-failure 
are: stronger intimacy of  orchid-fungus relationship (more 
complicated growth requirements) and less hospitable soil 
environment (tropical species are raised for pot cultivation 
while target product of  TT orchids are garden perennials). 
Also, asymbiotic techniques, even if  useful for TT orchids, 
are more time and costs consuming. 
Acknowledgements:
Project operated within the Foundation for Polish Science Ventures Pro-
gramme co-financed by the EU European Regional Development Fund.
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Insect peptide hormones — biopesticides?
Paweł Marciniak1, Monika Szymczak1, Małgorzata Słocińska1, 
Mariola Kuczer2, Danuta Konopińska2, Grzegorz rosiński1

1Department of Animal Physiology and Development, Adam 
Mickiewicz University, Umultowska 89, 61-614 Poznan, Poland; 2Faculty 
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Peptide hormones regulate behavioral, developmental 
and reproductive processes in insects. Recently, extensive 
research on usage of  those molecules is conducted in 
medicine and agriculture. Special emphasis has been put 
on designing, on the basis on newly discovered peptide 
hormones, biostable pseudopeptide analogues and peptide 
mimetics, which can be applied as environmentally friendly 
biopesticides. At present, synthetic mimetics of  hormones 
from several peptide families, such as kinins, pirokinins, 
myosupressins are successfully used for pest control. 
For a few years, studies on the physiological role of  the 
Led-NPF-I (ARGPQLRLRFa) peptide in the Department 
of  Animal Physiology and Development have been con-
duced. For the first time, this hormone has been isolated 
from the Colorado potato beetle Leptinotarsa decemlineata as 
a gonadoactive factor. We discovered its new cardioinhibi-
tory activity in the beetles. In structure-activity studies, the 
active core (-LRLRFa) has been characterized. It interacts 
with the receptor in the myocardium. Moreover, we tested 
over thirty chemically synthesized analogues in the screen 
for the structural modifications. They can be used to de-
sign its new synthetic mimetics. For example, we showed 
that R residues in positions 7 and 9 play crucial role in car-
dioinhibitory activity of  Led-NPF-I in the beetles. In addi-
tion, the amidation of  the last phenylalanine seems to be 
crucial for the bioactivity. However, substitution of  NH2 
with (NO2, NH2, NMe2) located at the 4th position of  the 
aromatic ring of  phenylalanine showed agonistic activity.

O1.3

Integrated process of mercury 
bioremediation in the industrial wastewater
Paweł Głuszcz, Jerzy Petera, Stanisław Ledakowicz

Technical University of Lodz, Faculty of Process & Environmental 
Engineering, Lodz, Poland
e-mail: Stanislaw Ledakowicz <stanleda@p.lodz.pl>

For mercury remediation from industrial wastewaters a 
unique biotechnological method based on the enzymatic 
reduction of  Hg(II) compounds to water-insoluble Hg(0) 
by live mercury resistant bacteria has been proposed by 
Helmholtz Centre for Infection Research, HZI, former 
German Research Centre for Biotechnology (GBF). The 
technology was then further developed at Technical Uni-
versity of  Lodz (TUL), Poland, by process integration of  
the mercury bioreduction and adsorption onto activated 
carbon filling a fixed-bed bioreactor. The integrated biore-
mediation technology was applied in industrial scale in one 
of  Polish chemical companies in Tarnow, Poland, for mer-
cury removal from wastewater coming from a chlor-alkali 
plant.
The mathematical model of  the integrated process of  mer-
cury contaminated wastewater bioremediation in a fixed-
bed industrial bioreactor is presented. The model includes 
three basic stages of  the bioremediation process: mass 
transfer in the liquid phase, adsorption of  mercury onto 
activated carbon and ionic mercury bioreduction to Hg(0) 
by immobilized microorganisms. Model calculations were 
verified using experimental data obtained during the proc-
ess of  industrial wastewater bioremediation in the bioreac-
tor of  1 m3 volume. It was found that the presented model 
reflects the properties of  the real system quite well. Nu-
merical simulation of  the bioremediation process proved 
the positive, synergistic effect of  the integration of  ionic 
mercury adsorption and bioreduction in one apparatus.
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Use of mycorrhizal plants 
in phytoremediation
Przemysław ryszka1, Grażyna Szarek-
Łukaszewska2, Katarzyna turnau1

1Jagiellonian University, Institute of Environmental Sciences, Kraków, 
Poland; 2W. Szafer Institute of Botany, Polish Academy of Sciences, 
Kraków, Poland
e-mail: Przemyslaw Ryszka <przemyslaw.ryszka@uj.edu.pl>

Mycorrhizal fungi are known as plant growth- and vitality 
promoters in almost all terrestrial ecosystems. They can be 
a crucial factor for vegetation development in extreme or 
degraded habitats. We studied mycorrhiza of  plants colo-
nizing different Zn/Pb tailings in southern Poland. This 
extreme habitat is very difficult for biological reclamation 
due to the mobility of  substratum particles, their toxicity 
and lack of  water and organic matter. Molecular and mi-
croscopic analyses showed species-rich and abundant my-
corrhizal colonization within roots of  plant forming stable 
cover on older part of  tailings (20–30 years after deposi-
tion). However, freshly deposited wastes lacked arbuscular 
mycorrhizal fungi (AMF) thus being unfavorable for estab-
lishment of  many plant species. Different strategies aiming 
at improvement of  plant cover formation on freshly de-
posited tailings were tested. This led to selection of  plants 
that might be introduced together with AMF into bare 
substratum and resist long periods of  drought or rainfalls. 
These plants showed high levels of  mycorrhizal coloniza-
tion, high photosynthetic activity and low accumulation of  
heavy metals within.shoots. Substratum stabilization and 
resistance to water/wind erosion was also noticed. Intro-
duced plants were attracting other organisms (i. e. ants), 
increasing local diversity and stimulating soil-formation 
processes.
Acknowledgements:
This study was supported by the Polish Ministry of  Science and Higher 
Education (Nos. N N304 096234 and 197/N-COST/2008/0).
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methylotrophic pathway in non-
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Methylotrophic yeasts are capable of  growth on methanol 
and are able to utilize other C1 compounds that serve as 
intermediates in energy-yielding processes. Methylotrophy 
is not widespread among yeasts and is limited to several 
species of  the genera Pichia, Candida, and Torulopsis. In gen-
eral, the enzymatic pathway referred to as a “conventional” 
methylotrophy, consists of  anabolic and catabolic parts. In 
assimilation reactions, formyl groups are used to synthe-
size carbohydrates, and in dissimilation processes, energy 
is produced upon formaldehyde and formate dehydrogena-
tion. The activity of  a peroxisomal alcohol (methanol) oxi-
dase is crucial for this pathway, and formaldehyde formed 
upon methanol oxidation is a key metabolic intermediate. 
Detailed studies revealed the presence of  some additional 
mechanisms that may contribute to yeast methylotrophy. 
These include: the action of  other alcohol and aldehyde 
dehydrogenases, involvement of  tricarboxylic acid cycle, 
and media acidification resulting from formate exclusion. 
Recently, we have isolated several environmental yeasts be-
longing to the genera Candida and Trichosporon that could 
utilize oil-derived hydrocarbons, biodegrade formaldehyde, 
and grow on methanol. The “non-conventional” metylo-
trophy of  these yeasts has not been fully explained, yet. 
However, preliminary experiments point to different regu-
latory mechanisms and reveal unique and novel enzymatic 
activities. Among these are: lack of  the alcohol oxidase 
activity, presence of  new aldehyde and formaldehyde de-
hydrogenases, occurrence of  some new enzymatic induc-
tion mechanisms and peculiar physiological adaptation 
processes. It is concluded that the newly isolated strains or 
their purified enzymes may be of  great industrial value due 
to application potential for environmental biotechnology, 
biosensor construction, or xenobiotic biotransformation.
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Biotechnological valorization of 
crude glycerol discharged from 
bio-diesel units for the production 
of citric acid and erythritol
Waldemar rymowicz, Anita rywińska, 
Izabela Musiał, Piotr Juszczyk
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Crude glycerol, by-product from biodiesel process, is used 
as a carbon substrate in several biotechnological applica-
tions. As the biodiesel production is increasing exponen-
tially, the crude glycerol generated from the transesterifica-
tion of  vegetables oils has also been generated in a large 
quantity. Biodiesel waste, which contains glycerol (up to 
80%), oil residue, free fatty acids (about 1%), sodium and 
potassium salts, and water, may serve as raw material for 
various processes of  biotechnological bulk metabolites, in 
particular citric acid and erythritol. Many research projects 
and studies have been conducted and innovative utilizations 
of  the crude glycerol are under investigations. Although 
utilization of  crude glycerol in the fermentation medium 
without prior purification offers a remarkable advantage 
against the traditional use of  pure glycerol. Through utili-
zation of  crude glycerol discharged from bio-diesel units, 
for the production of  citric acid and erythritol we could 
recycle the by-product, decreasing significantly the produc-
tion cost of  the whole process.. The possibility of  using 
glycerol-containing waste from biodiesel manufacture for 
the production of  citric acid and as well erythritol by se-
lected strains of  Yarrowia lipolytica were studied. 
The aim of  the present work was to study the possibility of  
citric acid and erythritol production by Y. lipolytica in a vari-
ous cultivation systems on the medium containing glycerol-
containing waste of  biodiesel manufacture (crude glycerol). 
Acknowledgement:
This work was financed by the Ministry of  Sciences and Higher Educa-
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Environmental biodegradation 
of petroleum — a unique feature 
or microbial routine?
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“People only see what they are prepared to see” Ralph Waldo Emerson
Although the substance was known for many hundreds 
of  years, the term “petroleum”was mentioned for the first 
time by Georgius Agricola in the treatise De Natura Fossil-
ium published in 1546. As years passed by this rock oil was 
only of  limited use until the XIX century discoveries. Soon 
it became the most desired natural resource. Now there is 
hardly anyone who can imagine life without petroleum or 
petroleum related products. But can we imagine petroleum 
to be inextricably bounded with microorganisms? Since 
1895 the first observations made by Miyoshi strongly sug-
gested that some fungi are enzymatically active towards 
hydrocarbons [1]. During the 20-ties and 30-ites many oil 
fields were subjected to fruitful microbial investigations [2, 
3]. In the 40-ties the first garden soil species capable of  
oil utilization were reported. In the first years those mi-
croorganisms were treated as a scientific curiosity with no 
practical use [4]. Later, when the problem of  environmen-
tal pollution with petroleum products gained more and 
more public attention, some of  those species were used 
for both successful as well as failed biological treatment 
of  polluted soils and waters [5]. Nearly hundred years later 
after Miyoshi’s research we will present in series of  elegant 
experiments that petroleum degrading microorganisms are 
ubiquitous. Their capabilities to deal with many different 
petroleum deriving substances and omnipresence make 
them ideal for bioremediation techniques with no need for 
sophisticated and unforeseeable supplementation of  exog-
enously added “super bugs”. Simple estimation of  crucial 
factors responsible for a successful biotreatment will be 
presented. The comparison of  laboratory experiments with 
field studies might be of  interest for those dealing with bi-
oremediation of  polluted sites. 
References:
1. Miyoshi M (1895) Jahrb Wiss Bot 28: 269–270.
2. Bastin ES, Greer FE, Merritt CA, Moulton G (1926) Science 63: 21–24.
3. Lipman CB, Greenberg L (1932) Nature 129: 204–205.
4. Bushnell LD, Haas HF (1941) J Bacteriol 41: 653–673.
5. Ollivier B, Magot M (2005) Petroleum Microbiology. ASM Press: Wash-
ington. D.C.. 
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Interactions between rhamnolipid 
biosurfactants and toxic 
chlorinated phenols in a model 
hydrocarbon-rich effluent
Damian Ambrożewicz1, Mariusz Dziadas2, Alicja Szulc1, 
Piotr Lisiecki 1, Paweł cyplik3, teofil Jesionowski1, 
Mikołaj owsianiak1, Łukasz chrzanowski1
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Hydrocarbon solubilization may be increased in the pres-
ence of  surfactants due to the micelization phenomenon. 
If  microbial degradation is considered as a treatment strat-
egy, solubilization via the addition of  surfactants might me 
advantageous, unless toxic contaminants inhibiting micro-
bial degradation are present in the effluent. 
Contributing to the previous work with P. putida DOT T1E 
[1] we showed that in a model system containing diesel fuel 
and toxic co-contaminants, such as phenol, 4-chlorophenol 
(4-CP) or 2,4-dichlorophenol (2,4-DCP), rhamnolipids 
reduced the toxicity of  4-CP and 2,4-DCP to a bacterial 
consortium grown in liquid culture also in the presence of  
diesel fuel, while no effect was observed for phenol. 
A decrease in diesel fuel – water partition coefficient (KFW) 
of  4-CP and 2,4-DCP, and modification of  aggregate size 
distribution profiles of  the dispersed diesel fuel – chlorin-
ated phenols solutions as affected by the presence of  rham-
nolipids lead us to the conclusion that specific interactions 
between rhamnolipids and the chlorinated phenols must 
exist. Due to the polar nature of  chlorinated phenols the 
possible mechanisms may involve adsorption on micellar 
surface of  biosurfactants’ aggregates. 
This property of  rhamnolipids might be of  significance to 
those interested in using the biosurfactants for microbial 
treatment of  hydrocarbon-rich effluents, which contain 
toxic constituents inhibiting microbial degradation.  
References:
1. Chrzanowski Ł, Wick LY, Meulenkamp R, Kaestner M, Heipieper HJ 
(2009) Lett Appl Microbiol 48: 756–762.
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Antioxidant status of aquatic macrophytes 
with the high accumulation of metals — 
the importance for phytoremediation
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Aquatic macrophytes are an important component of  
freshwater ecosystems. Due to their direct contact with the 
aquatic environment, they are able to accumulate in their 
green parts both nutrients and toxic elements, including 
heavy metals (HMs). 
The aim of  this study was to compare antioxidant capac-
ity of  selected species of  aquatic macrophytes, with their 
ability to accumulate of  selected HMs. The plant material 
originated from watercourses of  the Middle Ural – a highly 
urbanized territory, with surface waters contaminated by a 
wide spectrum of  pollutants, including HMs. 
The comparative estimation of  the accumulative ability 
in aquatic macrophyte species based on the coefficient of  
biological accumulation of  analyzed toxicants. The highest 
accumulation of  HMs has been found for Batrachium tricho-
phyllum, Ceratophyllum demersum and Lemna gibba. The lowest 
metal contents were detected in leaves of  Potamogeton alpinus 
and Sagittaria sagittifolia. The order of  values of  the biologi-
cal accumulation of  HMs in most studied species was as 
follows: Ni < Cu < Fe < Zn < Mn. 
The tolerance limits of  plants to unfavorable environmen-
tal conditions were determined by their ability to develop 
protective mechanisms against stress factors. In particu-
lar, the level of  antioxidants in tissues has been studied in 
plants showing a different ability to accumulate HMs. High 
values of  antioxidant enzyme activities (SOD, catalase) and, 
as a rule, higher contents of  low molecular antioxidants 
(ascorbic acid, glutathione, proline) have been observed 
in aquatic macrophytes expressing high accumulation of  
HMs. This conclusion is based on the results of  discrimi-
nate analyses of  plant parameters from natural habitats and 
on the results of  model experiments with incubation of  
plants under controlled stress conditions. 
The identification of  macrophyte species expressing high 
ability to accumulate and bioconcentrate HMs is necessary 
to raise green technologies such as the phytoremediation 
of  polluted water bodies. The study of  plant antioxidant 
status could help to forecast the adaptive changes of  bi-
otic communities to increasing anthropogenic impact upon 
aquatic ecosystems. 
Acknowledgements:
The work was supported by the grant of  the Russian President (MK-
881.2010.4) and the Federal Program of  the Russian Ministry of  Educa-
tion and Science (SC P2364, 2009-2011 and NK-661P_11, 2010-2012). 



EurobIotEch 2010     11

O1.11

Thermostable maltogenic amylase 
of Geobacillus sp. SK70: isolation, 
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Malaysia is one of  major players in sago starch industries. 
This sago starch is considered as one of  the most impor-
tant sources of  starch (Yetti et al., 2007). Being as the most 
desired enzymes for carbohydrates based processing; many 
thermostable amylases are used due to their ability as heat 
resistance enzymes. 
In this study, we report on the results of  qualitative and 
quantitative determination of  amylase enzyme. These 
bacterial samples were isolated from hot spring located in 
Sungai Klah, Sungkai, Perak with temperature of  70°C and 
was given a name as SK70. The SK70 was incubated for 
overnight and was assayed according to method of  Bern-
field 1955. Result of  the qualitative test showed the SK70 
was amylase positive. As for the quantitative test, the high-
est amylase activity produced by the SK70 was found at 
0.0218 U×ml–1. In additions, results of  16S rDNA gene 
amplification, and BLAST and alignment of  the SK70 have 
indicated that the bacteria to be as Geobacillus sp. The puta-
tive amylase gene with the size of  1.7 kb of  the SK70 was 
amplified and then cloned into pGEM-T cloning vector; 
result of  the partial sequence has shown the cloned gene 
was 98% similarity of  the α-amylase or maltogenic amy-
lase. The gene was then sub-cloned into pBAD TOPO TA 
cloning and expression vector. The quantitative assay of  
the recombinant thermostable maltogenic amylase showed 
highest enzyme activity was found at 0.22 U×ml–1 where it 
is higher than the wild type. Further studies on optimiza-
tion of  the expression such as optimum concentration of  
the inducer and optimum induction time are in progress.
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The development of  industries causes a demand for oil in 
the world. This situation raises the hazardous possibility of  
polluting the natural habitat through the spillage of  petro-
leum derivatives and fuel oil to the groundwater and the 
soil.
Bioremediation techniques seem to be the best way to strug-
gle with the problems of  contamination of  ground waters 
and soils by the petroleum derivatives. The use of  the bio-
logical consortia in order to remove the existing pollutions 
is possible because microorganisms are capable of  degrad-
ing hydrocarbon compounds and their transformation to 
less harmful chemical substances. In the bioremediation 
process, the capability of  microorganisms, the considera-
tion of  the microorganisms’ surface and biodegradation’s 
features are very important. The aim of  this research was 
the estimation of  the effectiveness of  the process of  fuel 
oil biodegradation by the microorganisms consortia. The 
twelve different consortia consisted of  one bacterial and 
one yeast strains were tested. In the experiments were used 
three genus bacterial strains: Achromobacter, Xanthomona, 
Pseudomonas, as well as four yeast strains from genus: Candid, 
Yarrowia. The biodegradation of  fuel oil was determined 
after 7 and 14 days. Moreover, it examines the influence of  
the addition of  biosurfactant on the diesel oil biodegrada-
tion.
According to the obtained results the highest biodegra-
dation of  the fuel oil after 7 days were obtained for the 
following consortia: A. denitrificans-Yarrowia lipolytica EH56 
and X. maltophilia-Candida maltosa EH15. The increase of  
biodegradation after14 days was observed: the highest in-
crease after 14 days comparing to the results of  the bio-
degradation after 7 days, was recorded for consortium P. 
stutzeri and Candida maltosa EH60. The addition of  the 
rhamnolipides caused different influence of  the biodegra-
dation process of  the fuel oil for the different microorgan-
isms’ consortia. The positive influence of  the addition of  
biosurfactant was observed for 10 consortia. The highest 
increase of  the biodegradation after the addition of  rham-
nolipides was for the A. denitrificans-Candida maltosa EH15 
and P. stutzeri-Candida maltosa EH60 consortia. However for 
the X. maltophilia-Candida maltosa EH15 and A. denitrificans-
Yarrowia lipolytica EH56 the addition of  the rhamnolipides 
caused a lower biodegradation of  oil.
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Up to now, spectrophotometric and chromatographic 
methods have been extensively applied for plant analysis. 
Today, high-performance liquid chromatography (HPLC) 
is mostly used in this context due to its high reproducibility 
and low detection limit. However, application of  HPLC re-
quires a long process of  sample preparation including sol-
vent extraction of  the analytes, which are usually strongly 
bonded to other plant constituents. In light of  the forego-
ing consideration, Raman spectroscopy, which is consid-
ered as a fast and non-destructive method, can be a useful 
and powerful tool for in vivo plant analysis.
Information on chemical composition of  plant tissue can 
be obtained using various Raman spectroscopy techniques. 
The spectrum of  Raman measurement consists of  several 
bands, which code for information on chemical compo-
sition of  the sample. Although plant tissues contain hun-
dreds of  various molecules, several of  these components, 
like e.g. polysaccharides, fatty acids, carotenoids, polyphe-
nols, alkaloids or polyacetylenes, can be identified due to 
their predominant key bands. Further technical improve-
ments enabled Raman spectroscopy to be combined with 
microscopy called mapping or imaging. This advanced re-
search tool is suitable for gathering molecular information 
with a high spatial resolution, even at a cellular level. More-
over, it is possible to collect Raman spectra by measuring 
either at a single point or by mapping in a specified area of  
a sample. The results can be presented as a two-, or three-
dimensional spectroscopic map and directly compared to 
the corresponding visual image of  the investigated tissue 
providing detailed information on the distribution of  the 
analyzed molecules occurring in a surface layer of  the plant 
sample. Raman spectroscopy appears to be a fast, safe and 
non-destructive technique. These unique features allows 
both dried and living tissues to be analyzed without any 
need for pre-processing.
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Multiple emulsions are complex systems [1], where the 
droplets of  a dispersed phase themselves contain smaller 
dispersed droplets of  the second liquid phase (including ac-
tive material). The two major emulsion types are: W/O/W 
and O/W/O (W-water phase, O-organic phase e.g. oil). 
The potential applications of  the system are enormous, 
mainly in medicine, pharmaceutics technologies, cosmetics 
etc. The proposed model of  mass transfer allows evaluat-
ing the drug release process from multiple emulsions [2]. 
Instead of  approaches previously proposed in literature, 
this one gives the formulation of  unsteady mass trans-
fer mechanism. The model assumed several assumptions: 
mass transfer resistance of  the drug in the microspheres 
is negligible, the concentration of  the migrating substance 
is decreasing to zero in the bulk of  the ambient medium, 
uniform and regular distribution of  uniform microspheres 
is concerned, active agent diffuses from the microspheres 
through continuous phase inside droplets to outer medium 
(water, body fluid etc.), equilibrium state inside the droplets 
is reached before the beginning of  mass delivery to ambi-
ent body, the microspheres are immobile without circula-
tion within, the effects of  coalescence and breakage drops 
are ignored. To omit extensive mathematical complications, 
instead of  a cloud of  microspheres, the pseudohomogene-
ous phase was assumed inside emulsion droplet, introduc-
ing the spherically-symmetric model. The set of  balance 
equations together with boundary conditions was con-
verted into the dimensionless form and a scaling transfor-
mation was applied. The combined analytically-numerical 
solution was used to solve the model equations. As a re-
sult, the concentration profiles and the relative mass of  the 
released species were obtained. The received calculations 
indicate the effectiveness of  the model. The relative mass 
release results allow to anticipate the rate of  substance 
migration for different times, types of  medium (here rep-
resented by several process parameters: diffusivity in the 
emulsion droplet and external mass transfer coefficient 
from emulsion, percentage of  the microspheres inside 
emulsion droplet etc.). Therefore steering the manufactur-
ing parameters would allow obtaining the required size and 
microspheres properties [3].
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Global energy consumption is projected to increase, even 
in the face of  substantial declines in energy intensity, at 
least two-fold by midcentury relative to the present because 
of  population and economic growth. This demand could 
be met, in principle, from fossil energy resources, particu-
larly coal. However, the cumulative nature of  CO2 emis-
sions in the atmosphere demands that holding atmospheric 
CO2 levels to even twice their preanthropogenic values by 
midcentury will require invention, development, and de-
ployment of  schemes for carbon-neutral energy produc-
tion on a scale commensurate with, or larger than, the en-
tire present-day energy supply from all sources combined. 
Among renewable energy resources, nuclear fusion energy 
or solar energy are by far the largest exploitable resource. 
However in both cases technological breakthroughs are 
required with nuclear fusion being very difficult. On the 
other hand, one hour of  sunlight falling on our planet is 
equivalent to all of  the energy consumed by humans in an 
entire year. If  solar energy is to be a major primary en-
ergy source, it must be stored and dispatched on demand 

to the end user. An especially attractive approach is to store 

solar-converted energy in the form of  chemical bonds as 
occurs in natural photosynthesis. However a technology is 
needed which has a year-round average efficiency signifi-
cantly higher than current plants or algae, to reduce land-
area requirements and to be independent of  food produc-
tion. Therefore the scientific challenge is to construct an 
“artificial leaf ” able to efficiently capture and convert solar 
energy and then store the energy in the form of  chemical 
bonds, producing oxygen from water and a reduced fuel 
such as hydrogen, methane, methanol, or other hydrocar-
bon species. The “artificial leaf ” must be robust and con-
structed of  common materials and with effort there is no 
reason why such technology can not be created for future 
prosperity, sustainability and harmony of  the human race. 
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Isoprenoids are class of  plant secondary metabolites re-
sponsible for the growth, development, stress tolerance 
and other functions in plants. The hmg1 is a key gene con-
trolling mevalonic acid biosynthesis in the mevalonate 
pathway of  isoprenoids synthesis. The biosynthesis of  cy-
tokinins, brassinosteroids, and phytosterols in plants takes 
place involving above mentioned metabolic pathway. The 
role of  these compounds in the formation of  plant resist-
ance to adverse factors is very important. Tobacco plants 
that express heterologous hmg1 gene from Аrabidopsis thal-
iana under control of  constitutive promoter of  cauliflower 
mosaic virus CaMV35S were obtained. Paraquat is widely 
used herbicide, its action consists in the disintegration of  
photosystems. Leaf  disks were treated by 0.5 mkM solu-
tion of  paraquat for 24h (18h in the dark and 6h in the 
light) to study the effects of  the herbicide. Then the follow-
ing stress parametres were estimated: free proline content, 
malonyldialdehyde level, peroxidase activity, chlorophyll 
and carotenoid content. After the treatment by paraquat 
lipid peroxidation level increased and free proline content 
changed both in in control and transgenic plants that tes-
tifies the oxidative stress on plants. Peroxidase activity in 
control and transgenic plants changes differently. In trans-
genic plants peroxidase activity increased after the treat-
ment that demonstrate the activation of  antioxidant sys-
tems. In control plants the decline of  enzyme activity was 
observed indicating on the suppression of  plant defense 
reactions. The estimation of  paraquat effect on the chlo-
roplast was done by comparing the content of  basic and 
additional photosynthetic pigments. In control plants the 
level of  chlorophylls and carotenoids decreased. This fact 
allow to suggest that the photosystems have been break-
down by the herbicide. In transgenic plants the level of  the 
pigments retained. So the chloroplasts of  transgenic plants 
saved their own pigment system under oxidative stress. We 
suggest that it could be due to either the higher content of  
brassinosteroids and cytokinins in the cells. Based on these 
data an approach to technology for producing new plant 
varieties more resistant to such stress factors as herbicides, 
heavy metals, phytopathogens can be developed. 
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Apple trees are highly dependent on mycorrhizae, particu-
larly in low-P soils and SARD soils (specific apple replant 
disease). Reports of  the effects of  soil P fertilization on the 
mycorrhizal symbiosis is often conflicted, because while 
soil P fertilization increase soil available P, plant P concen-
tration, and improves plant growth, high levels of  P may 
depress AM. 
In the pot experiment we examined the influence of  two 
factors: available soil P content and arbuscular mycorrhizal 
(AM) fungi inoculation. As the test plant apple seedlings cv. 
Antonovka was used. Plants were grown on sterilized silty 
clay loam and sand based substrate with P level of  0, 20, 40 
and 80 mg dm3. Inoculation with three different commer-
cial AM inocula was made: MicoPlant E (Glomus intraradices, 
G. mossae and G. agregatum, granular, mixed with substrate 
before planting), MicoPlant M (root quick dip) and Mico-
Plant S (7 Glomus species + Azotobacter sp., plants irrigated 
with inoculum after planting). 
Macro- (N, P, K, Mg, Ca, S) micro elements (B, Cu, Fe, Mo, 
Zn) as well as heavy metals and trace elements (Al, Ba, Cd, 
Cr, Li, Ni, Pb, Sr, Ti and V) content in leaves was assessed. 
Mycorrhizal inoculation stimulated root and shoot biomass 
production, as well as strongly influenced N leaf  content. 
The lowest N level was measured for MicoPlant M (1.17% 
d.w.), followed by MicoPlant E (1.35%) and MicoPlant S 
(1.47%). The highest values were noted for control plants 
— 1.51%. 
In the case of  phosphorus no significant effect was ob-
served, however the tendency to increase P accumulation 
for inoculated plant was observed; P content ranged from 
0.40 to 0.45% d.m. as compared to 0.30% d.m for control. 
AM inoculation did not affect the content of  the rest of  in-
vestigated macroelement and leaf  dry matter content, how-
ever some tendencies to increase Mg, Ca and Na content 
after inoculation was observed. 
The higher Mn accumulation was proved for control seed-
lings (188 mg×kg–1) as compared with inoculated (from 
113 to 165 mg×kg–1).The reverse was true for Pb and Cr, 
inoculation favored higher accumulation of  these elements. 
Some significant interactions between two factors: inocula-
tion × P rate on B, Mn and Zn leaf  content were found. 
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Uranium wastes located in Eastern Thuringia (Germany) 
were subjected to remediation. High concentrations of  
heavy metals such as Ni, Cd and U are still present in the 
closure of  mine substratum after 20 years. The area was di-
vided into the part that was subjected to spontaneous plant 
colonization and the experimental plots. In the second case 
the wastes were either left without cover or they were cov-
ered with topsoil or compost. In addition to these treat-
ment either bacteria (Streptomycetes) or/and mycorrhizal 
fungi (Glomus intraradices) were introduced. Helianthus annus 
was used as a model plant. The use of  compost and top-
soil were inefficient in biomass stimulation. Nevertheless 
they influenced the time of  flower formation and also the 
plots were easier colonized by grasses developing among 
sunflowers. The introduction of  mycorrhizal fungi and 
Streptomycetes had no significant effect on plant biomass 
and no effect on plant colonization by mycorrhizal fungi. 
Arbuscular mycorrhizal fungi (AMF) were present also in 
the control plots. The AMF strains present there seem to 
be better adapted to the given conditions. While strains in-
troduced were not able to survive. Plants such as: Plantago 
lanceolata, Aster sp. and Trifolium sp. which were found out 
of  the plots were strongly mycorrhizal AM fungi isolated 
from those roots could be used for production of  inocula 
for reclamation of  industrial waste areas. 
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Areas degraded in result of  metallurgical activities usually 
require the use of  remediation methods, which ensure both 
protection against the groundwater contamination as well 
as creation of  conditions for ecosystem renewal. For some 
years research at the institute focused on the restoring of  
the vegetation cover on heavy metal polluted soils by soil 
condition improvement. Soil from the site surrounding the 
zinc smelter in Miasteczko Slaskie is characterized by strong 
heavy metals contamination, especially Cd, Zn and Pb. Pot 
experiment was carried out with the addition of  sewage 
sludge as a source of  organic matter in order to stabilize 
the metals as well as improving the soil conditions. Sewage 
sludge from an urban sewage treatment plant was used dur-
ing the experiment. A 30% mass content of  sewage sludge 
was present in each pot. In the experiment six grass species 
were seeded: Festuca arundinacea Schreb., Dactylis glomerata L., 
Lolium westerwoldicum L., Festuca rubra L., Lolium perenne L., 
Agrostis capillaris L. 
It was found that the application of  sewage sludge ena-
bled the growth and development of  plants. Without sew-
age sludge addition, despite the favorable water conditions, 
very little to none biomass from grasses was obtained. The 
most appropriate, remediation wise grass species used in 
the experiment seemed to be Festuca arundinacea Schreb. 
Addition of  sewage sludge effectively immobilized heavy 
metals especially zinc. There were no significant differenc-
es in the bioavailability of  metals during the experiment. 
Through the introduction of  sewage sludge an improve-
ment of  physical and chemical parameters was achieved. 
An increase of  water content, sorption capacity as well as 
pH soil value was noted. Soil with the addition of  sewage 
sludge showed increased amounts of  C, N, P and humic ac-
ids. The additive also contributed to the increased numbers 
of  microorganisms. The amount of  total bacteria and fungi 
increased compared to control. The results show the need 
of  support for phytostabilization processes conducted at 
highly contaminated areas. The addition of  sewage sludge 
proved to be effective at decrising the bioavailability and 
migration of  heavy metals. Evaluation of  fresh plant bio-
mass gain may be an additional tool in assessing the effec-
tiveness of  the phytostabilization process.
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Introduction: Articles available inscientific databases indi-
cate the important role of  elements such as iron,vanadium, 
chlorine, potassium, titanium in the pathogenesis of  
chronic venousdisease. The aim of  this study was to de-
termine the role of  selected elementsin CVD. Exploring 
the relationship between the change in concentrations of  
Fe,V, Cl, K and Ti in fragments of  efficient venous vessels, 
inefficient venousvessels and varicose veins supported an 
outlook on their role in this disease.
Materials and methods: The levels ofelements in frag-
ments of  efficient venous vessels, in the pathological-
lychanged veins and varicose veins were determined by 
PIXE in 31 patients withdiagnosed chronic venous disease 
in the grade 2 and 3, according to CEAPclassification.
Results: Performed statisticalanalysis of  obtained results 
showed significant differences (P<0.05) between  the aver-
age concentrations of   selected elements in efficient venous 
vesselscoming from the vicinity of  the calf  medial ankle, 
inefficient venous vesselsoriginating from the vicinity of  
the saphenous vein opening VSM and varicoseveins in 
patients with chronic venous disease. The concentrations 
of  iron and chlorine in the varicose veins arerespectively 
30.9% and 197.16% higher than the concentrations of  
theseelements in efficient veins. Statistically significant are  
differences between concentration ofpotassium in efficient 
veins and varicose veins as well as betweenconcentration 
in inefficient veins and varicose veins. Scheffe′s test also-
demonstrate statistically significant differences in the level 
ofconcentrations of  vanadium in efficient and inefficient 
vessels (0.035 µg/g) aswell as in efficient vessels and vari-
cose veins (0.02 µg/g).
Conclusions: The importance ofselected elements in the 
pathogenesis of  chronic venous disease can beconcluded 
from obtained results.
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Release of  heavy metals such as Pb, Zn and Cd into the en-
vironment due to industrial activity creates bare areas that 
are very slowly colonized by plants. Only some plants can 
grow in presence of  high concentration of  heavy metals, 
especially under such conditions as drought, poor water 
holding capacity, high temperature and low nutrient con-
tent. The mining area Montevecchio-Ingurtosu located in 
Sardinia is an example of  spontaneous re-colonization of  
heavy metal enriched areas by plants from the surround-
ing area. It was a long-term process and thus is of  special 
value concerning selection of  the resistant fungal strains. 
Plant roots were collected from three sites in the region to 
assess mycorrhizal colonization and identify fungal species. 
Microscopic observation showed that most plant species 
were strongly colonized by arbuscular mycorrhizal fungi. 
Among mycorrhizal species that were dominating in metal-
rich places were Cistus monspeliensis, Helichrysum italicum, Pti-
lostemon casabone, Euphorbia characias, Rosmarinus officinalis and 
Carlina corymbosa. In most cases, domination of  Glomus tenue 
was found. Relatively less common fungi in the field sam-
ples were obtained and multiplied under greenhouse trap 
cultures: G. constrictum, G. fasiculatum and G. irregulare. These 
species can be of  great value for preparation of  inocula for 
reclamation of  industrial tailings in Sardinia and other re-
gions. According to our previous research the introduction 
of  suitable plants together with mycorrhizal symbionts can 
strongly enhance sustainable and successful reclamation of  
degraded sites.
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Hydrocarbons due to their low water insolubility pose an 
important ecological problem. Many of  the bacterial strains 
are able to metabolize to hydrophobic carbon sources. Sur-
factants play a crucial role in a biodegradation process, es-
pecially biosurfactants produced by microorganisms. These 
surface active compounds improve hydrocarbon bioavail-
ability. The effect of  a surfactant on the bioavailability of  
organic compounds can be explained by the following in-
teractions: increasing the solubility of  the pollutant, disper-
sion of  hydrocarbons, leading to an increase in the area 
contact between hydrocarbons and microorganisms and 
the changes of  cell surface properties. 
Rhamnolipides have wide range of  potential commercial 
applications. Chemically they consist of  rhamnose sugar 
molecules and β-hydroxyalkanoic acids. Exogenously added 
rhamnolipides are safe for the environment, because they 
are biodegradable. The activity of  rhamnolipides makes 
them excellent compounds for assisting in the breakdown 
and removal of  oil spills. 
The aim of  the research was to determinate the influence 
of  rhamnolipides on the cell surface of  microorganisms 
during diesel oil biodegradation. Bacterial cell modification 
was measured by microbial adhesion to the hydrocarbon. 
The microbial strains used in the experiments were isolated 
from soil contaminated with crude oil. Samples contami-
nated were collected from sites in the Polish Carpathian 
Mountains.
Modification of  cell surface tested strains is correlated with 
kinds of  microorganisms, surfactants concentration and 
time of  contact with carbon source. Different results were 
observed in rhamnolipides-bacterial system than in rham-
nolipides-diesel oil-system. The addition of  rhamnolipides 
(120 mg/l) to diesel oil system caused an increase of  bac-
terial adhesion to hydrocarbon. This fact can suggest that 
cell surface have more hydrophobic properties, because the 
greater adhesion to hydrocarbon corresponds to the great-
er hydrophobicity. The highest adhesion to hydrocarbon 
was observed for Pseudomonas stutzeri strain after 7 days of  
biodegradation. However, significant differences between 
the two tested systems (diesel oil system and diesel-oil-
rhamnolipides system) were observed after biodegradation 
by Xantomonas maltophila and Achromobacter denitrificans.
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Intracellular aggregated protein named inclusion bodies in 
Escherichia coli overexpressing of  foreign recombined pro-
tein, is considered commonly as missfolded, unfunctional 
and requiring both restructuralisation and refolding. Grow-
ing experimental data showing however, that the intrinsic 
feature of  bacterial inclusion bodies representing a spatial 
doses of  functionality. Both, partial protection and/or neu-
tralization has been noted upon immunization of  animal 
of  several species with raw bacterial inclusion bodies car-
rying of  antigenic protein with vaccine potential. Here we 
present the strong Th1 fashion immune response against 
Avian Influenza Virus type H5N1 upon single parenteral 
immunization of  mice with H5 hemagglutinin inclusion 
bodies recombined in E. coli. Some boosting effect has 
been observed as well with following dose either parenteral, 
oral or nasal delivered recall. Meaningful of  panel isotypes 
of  antibodies responses has been assayed in ELISA per-
formed against native structure of  mammal cells expressed 
of  AIV H5 hemagglutinin.
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The efficiency of  biotechnological processes is strongly de-
termined by microbial tolerance to stress. Cell membrane is 
known to play a crucial role in adaptation to stressful con-
ditions. One of  the adaptive mechanisms is the modulation 
of  membrane fluidity as triggered by the presence of  toxic 
agents, e.g. xenobiotics. In this study, the response of  two 
methylotrophic yeasts: Hansenula polymorpha and Trichos-
poron sp., to the treatment with methanol, formaldehyde, 
and phenol, applied at growth-inhibitory concentrations, 
was examined. Based on the GCMS (gas chromatography 
coupled with mass spectrometry) analyses, the unsatura-
tion index (UI) of  membrane lipid fatty acids was deter-
mined in order to follow membrane fluidity changes. For 
both strains, formaldehyde and methanol supplementation 
was found to increase UI whereas the presence of  phenol 
resulted in decreased values of  this parameter. These ob-
servations agree with the results of  other studies involving 
bacterial strains and non-methylotrophic yeast models. In-
terestingly, the physiological tolerance of  the studied yeasts 
to formaldehyde was dramatically greater when the cultures 
were grown on methanol, as compared to glucose. Seem-
ingly, methanol served as an inducer of  the methylotrophic 
pathway and thus enabled more efficient formaldehyde 
biodegradation. However, it appears that the independ-
ent mechanism of  methanol-induced membrane fluidity 
increase was involved in the enhanced formaldehyde resist-
ance. The presented results, apart from contributing to the 
basic knowledge regarding yeast reactions to stress factors, 
may facilitate future uses of  methylotrophic yeasts in envi-
ronmental applications such as bioremediation of  recalci-
trant xenobiotics.
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Xanthophyllomyces dendrorhous (Phaffia rhodozyma) is a non-
conventional yeast that produces astaxanthin – a caroten-
oid of  high antioxidant activity. For that reason this species 
may serve as a suitable model for basic research and is a 
promising object in terms of  biotechnological applica-
tions. The yeast was shown to reduce Cr(VI), similarly to 
our earlier observations involving other conventional and 
non-conventional yeasts. X. dendrorhous NRRL Y-10921 
wild-type (wt), and two mutant strains exhibiting selenite-
resistance phenotype were studied: a Cr-resistant sit-8 and 
Cr-sensitive sit-11. The in vivo, low-frequency EPR study 
enabled to follow the kinetics of  Cr(V)-radical genera-
tion upon reduction of  chromate (1 mM) applied to cell 
cultures. The ability to produce Cr(V) by the sit-8 mutant 
was repeatedly higher, and by sit-11 lower, as compared to 
the wt strain. In general, the Cr(VI) reduction potential of  
the X. dendrorhous strains was much stronger than that of  
other non-conventional species Pichia guilliermondii ATCC 
201911, and similar to that of  the conventional Saccharomy-
ces cerevisiae S 288C. For sit-11, the lower Cr reduction capa-
bility correlated with the decreased astaxanthin synthesis. 
The other two strains showed no such dependence. Im-
portantly, all the strains produced strong Cr(VI)-reductive 
activities extracellularly. Cell-free culture media treated with 
chromate tended to form Cr(V) species gradually over time 
(6 hrs), proving again the higher activity of  sit-8 than sit-11. 
It is concluded that the ability to release some reducing fac-
tors before chromate enters the cell might be crucial for the 
yeast resistance to chromium. 
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Background: Many studies concerning the biotreatment 
of  petroleum-contaminated sites suggest that application 
of  efficient external hydrocarbon degraders is a vital ele-
ment for a successful site-decontamination strategy [1]. 
Among those studies biosurfactant supplementation has 
been recognized as one of  the major factors enhancing 
the bioavailability of  hydrophobic contaminants. However 
contradictory results of  similar bioremediation studies are 
highly disturbing. As shown by the other authors [2], the bi-
oaugmentation is highly overrated as introducing new spe-
cies into the contamination site is of  little importance for a 
successful bioremediation. The addition of  biosurfactants 
may also have a negative impact on hydrocarbon removal. 
This potential inconsistence in existing scientific reports 
was the main reason for performing our studies. Basing on 
our microbial consortia previously isolated from sites con-
taminated with crude oil in the Carpathian Mountains [3] 
we aimed at comparing their bioremediation potential dur-
ing both laboratory [4] and field studies with rhamnolipids 
used as a model biosurfactant. 
Objectives: To introduce the best lab player to diesel oil 
contaminated sites
To compare diesel oil biodegradation during lab experi-
ments and field studies.
To evaluate the usefulness of  biosurfactant for bioremedia-
tion enhancement.
Methods: Biodegradation efficiency was determined ac-
cording to ISO 9377-2:2000. Soil respiration was moni-
tored by CO2 determination. The bacterial community 
structure was detected by PCR-DGGE. 
Results: During lab experiments the biodegradation effi-
ciency ranged from 20 to 80% with an average of  60%.
During field diesel oil removal studies was considerably 
lower, reaching an average value of  40%.
The long-term biodegradation efficiency was comparable 
for the area affected by the addition of  external consortia 
and the reference area.
No effect was observed for trials with biosurfactant. 
Conclusions: Local genera are most likely the key players
The biosurfactant employed in our studies was probably 
susceptible to biodegradation and presented no long term 
effect, if  any.
The contaminants are less likely to be a limiting factor com-
pared to nutrient deficiency. 
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Introduction: Escherichia coli is a good marker of  crude tap 
water purity and quality. Some E. coli strains may be danger-
ous enterotoxic pathogen. Eight E. coli enterotoxic strains 
have been characterized so far. The main source of  E. coli 
pathogenic strains is found in water. Water monitoring and 
it’s quality is of  great importance of  public health. Howev-
er, the classical microbiological methods are time consum-
ing. Aim of  study: The main aim of  study was to inventor 
device base on Lab-On-Chip technology for crude tap wa-
ter purity and quality monitoring. Material and methods: 
Specific E.coli strains detection was done utilizing PCR 
technique with the use of  LTCC (Low Temperature Co-
fired Ceramic) technology. The PCR was successfully car-
ried out in a ceramic chip. A DP951 LTCC tape was used 
as a base material for the structure. The chip consists of  a 
microchamber and integrated optical waveguide. The opti-
cal element provides laser light into the chamber. The chip 
can be connected with an external temperature control and 
spectrophotometrical systems. Results: Series of  analyses 
based on wide range of  techniques have been performed. 
In the LIF (Laser Induced Fluorescence) technique the 
lower amount of  E. coli DNA able to be determined was 
0.02 ng/ml. PCR product were analyzed in capillary electro-
phoresis and assessed base on PCR product size. In order 
to quantify the E. coli genome, specific probes and primers 
were used in Real-Time PCR. Positive results have been 
obtained with amplification plot intersecting threshold line 
at 33 Ct for the lowest DNA concentration at 0.2 ng/ml, 
although the best results have been obtained at 2.0 ng/ml. 
Conclusion: The LTCC technology provide sensitive, fast 
and cheap resolution. We propose a new method for E.coli 
detection and quantification as sensor with destined appli-
cation for crude tap water quality and purity monitoring. 
Further analyses require adjustment of  presented model 
for environmental monitoring used with automatic calcula-
tion of  E. coli cells number in cubic centimeter of  analyzed 
water. Further approach i.e. external optical system com-
patible with proper fluorochroms suitable for Real-Time 
PCR performance will be applied. 
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Agricultural wastes can be used as an alternative to the 
existing conventional technologies as the sorbents for the 
removal and recovery of  metal ions from aqueous solu-
tions. We used fine powdered biomass (< 0.45 mm) of  hop 
(Humulus lupulus L.) and tobacco (Nicotiana tabacum L.) as 
the sorbent for quantifying of  biosorption capacity for Cd 
using radionuclide 109Cd and gamma-spectrometry. Kinet-
ics of  Cd biosorption showed to be a two-step process. 
The first, fast step can be explained as the sorption of  
cations on the sorbent surface. The second, more slowly 
step lasting approx. 30 min can be attributed to the swell-
ing of  dry biomass and relating diffusion processes from 
the outside into the inside of  sorbent particles. Cadmium 
sorption by tobacco and hop biomass (10 min, 20°C, bio-
mass 25 g/L, d.w.) increased with initial Cd concentration 
in the solution in the range 0.01–10 mmol/L CdCl2. Mean 
sorption capacity for Cd of  the whole hop plant biomass 
from C0=10 mmol/L CdCl2 solution in de-ionized wa-
ter was Q=220 μmol/g (d.w.) and decreased in the order 
Qleaves:Qstems: Qroots=1.0:0.8:0.7. On the other hand, mean 
capacity of  tobacco leaves, stems and roots biomass from 
10 mmol/L CdCl2 solution in de-ionized water was 190 
μmol/g (d.w.) and increased in the order Qleaves:Qstems:Qr
oots=1.0:1.2:1.6. Observed differences in Qn values can re-
flect different composition of  plant tissues. By single step 
washing of  tobacco and hop biomass (30 min, 20°C) with 
water, 0.1 mmol/L HCl and 0.1 mmol/L Na2EDTA, up to 
22%, 68% and 69% of  bound cadmium can be removed, 
respectively. Equilibrium concentrations Ceq for Cd in de-
sorption solutions of  HCl and EDTA are one level higher 
as for de-ionized water solutions. Desorption can be di-
minished by alkalization of  extractant, due to the changes 
of  water soluble Cd2+ ions or CdCl+ ions to CdOH+ and 
Cd(OH)2 at pH > 9. Obtained data suggest on the fact that 
different kind of  plant biomass as well as particular plant 
tissues as sorbents will show different sorption capacities 
for toxic metals.
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Recently, bioluminescent biosensors use lux, luc or gfp genes 
have been developed to detect a variety of  chemicals, ge-
notoxic agents and factors, which are responsible for DNA 
damage, oxidative damage or cell growth inhibition. So, in 
the presented own research, autofluorescent reporter of  
Escherichia coli K-12::gfp strain, which contained a plasmid-
borne transcriptional fusion between DNA-damage induc-
ible recA promoter involved in the SOS response with fast 
folding GFP variant reporter gene — gfpmut2 and E. coli 
MM294 with transcriptional fusion between gfp gene under 
control of  strong trc promoter have been used. GFP-based 
bacterial biosensors allowed the detection of  bacterial cells 
response after 90 min. treatment of  two tested anticancer 
medicines: cyclophosphamide* and carmustine at concen-
tration of  10 μg/ml, 1 μg/ml, 100 ng/ml, 10 ng/ml and 1 
ng/ml for cyclophosphamide and 100 ng/ml and 10 ng/ml 
for carmustine. The intensity of  the fluorescence (IF) of  
bacteria cells was measured with use of  spectrofluorymeter 
and its optical density (OD) with spectrophotometer. The 
highest stimulation of  gfp gene expression, above 23% in 
comparison to the control was received after incubation of  
E. coli K-12 recA::gfp cells with cyclophosphamide at con-
centration of  1 ng/ml. The highest stimulation of  gfp gene 
expression, above 11.60% and 11.12% in comparison to 
the control was received after incubation of  E. coli MM294 
trc::gfp with carmustine at concentration of  100 ng/ml and 
10 ng/ml. It seems that the both genetic gfp systems in Es-
cherichia coli K-12 and E. coli MM294 could be useful as a 
bacterial biosensors and alternative systems for anticancer 
drugs pre-screening tests. 
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At nanoscale silver exhibits remarkable unusual physical, 
chemical and biological properties. Silver nanoparticles are 
emerging as one of  the fastest growing product categories 
in the nanotechnology industry. The strong anti-microbial 
activity is a major direction for development of  nanosilver 
products. The increasing demand must be accompanied by 
“green” synthesis methods. We report extracellular biosyn-
thesis of  silver nanoparticles (AgNPs) employing the fun-
gus Cladosporium cladosporoides. The extracellular solution of  
this species was used for reduction of  AgNO3 solution to 
AgNPs. UV-Vis spectrum of  the aqueous medium contain-
ing silver ions showed a peak at 420 nm corresponding to 
the plasmon absorbance of  silver nanoparticles. The anti-
fungal efficiency of  silver nanoparticles were tested on se-
lected fungal species such as : Penicillium sp., Aspergillus sp., 
Cladosporium cladosporoides and Mortierella alpina. The results 
showed that silver nanoparticles (AgNPs) were effective 
and caused the decrease of  mycelial growth and morpho-
logical changes in case of: Penicillium sp., Aspergillus sp. and 
C. cladosporoides. The scanning electron microscope (SEM) 
analysis confirm the differences in the chemical compo-
sition of  C. cladosporoides mycelium. Hyphae which were 
grown on the agar medium supplemented with AgNPs had 
higher contents of: Na, K, Cl, Mg, Ca, P, Si than mycelium 
grown on the control medium (without nanoparticles). 
Mortierella alpina showed significant stimulation of  growth 
in presence of  substances containing AgNPs. 
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While biodegradation of  biodiesel, typically a mixture of  
several fatty acid methyl esters (FAME) is well described 
and understood, utilization of  fuel mixtures under anaero-
bic conditions attracted less attention [1]. As a part of  a 
systematic study aiming to characterize the influence of  
biodiesel on biodegradation of  petroleum diesel fuel, we 
investigated biodegradation of  pure fuels and B20 blend 
(20% v/v biodiesel) under aerobic and nitrate-reducing 
conditions, and assessed bacterial community dynamics as 
affected both by the type of  fuel and by electron acceptor. 
A petroleum-degrading bacterial mixed culture had been 
isolated from petroleum-contaminated soil [2]. Diesel fuel, 
biodiesel or B20 blend served as carbon sources in liquid 
cultures. Dissipation of  FAME and/or hydrocarbons dur-
ing biodegradation was analyzed by means of  GC-FID. 
Group-specific probes were designed and employed in 
relative quantitative (ddCt) real-time PCR [3] to assess bac-
terial community dynamics. Results confirmed privileged 
biodegradation of  biodiesel over pure diesel fuel, as 97 and 
30% biodegradation extend was observed within 7 days 
under aerobic conditions, respectively, while under nitrate-
reducing conditions only 33 and 6% biodegradation was 
achieved. Biodiesel was also favored carbon source in the 
B20 blend. During 7-day biodegradation, seven dominat-
ing bacterial groups were discovered but only two of  them 
showed more than 10-fold difference in crop as affected by 
the type of  electron acceptor or fuel substrate, indicating 
that the bacterial consortium is universal bacterial prepa-
ration easily adaptable to the specific fuel composition. 
The facultative aerobic Citrobacter and Citrobacter-like forms 
seem to be the leading bacterial groups during the degrada-
tion of  biodiesel. Altogether, our results indicate that the 
consortium may be a good candidate for biotechnological 
applications where flexibility with respect to aeration re-
gimes is required. It remains to be investigated, however, 
whether the stability is maintained in long term. The last 
point would be of  significance if  the isolated cultures are 
to be used in applications where interventions to renew the 
microbial community are not feasible, for example, sug-
gesting soil bioaugmentation.
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Investigations of  environmentally friendly oxidations rep-
resent an important contribution to the development of  
sustainable processes. Laccase has the ability to mediate 
oxidative coupling reactions between aromatic compounds, 
producing new structures, including coloured products [1-
4]. Laccase-catalysed oxidation reactions with air as co-sub-
strate are of  considerable current interest. These reactions 
are low-cost processes, which permit the use of  non-toxic 
reagents in aqueous solvent systems. However the produc-
tion and purification of  enzyme for industrial purposes is 
still too expensive to provide this catalyst for a commercial-
ly interesting alternative to chemical synthesis. A cheaper 
way to utilize this universal enzyme for the synthesis of  
new compounds could be the use of  fungal cultures with 
a well-known ability to produce extracellular laccase. The 
use of  whole cells offers the important advantage of  sim-
ple, and hence low-cost, catalyst preparation. The use of  
biomass to synthesize dyes “in situ” could be an efficient 
way of  producing colorants in mild conditions, especially, 
in terms of  chemicals, pH, and temperature. 
The aim of  this study was to examine the transformation 
of  3-amino-4-hydroxybenzenesulfonic acid (AHBS) into 
novel phenoxazinone dye by using of  both the purified 
fungal laccase and fungal biomass about well known ability 
to produce and secrete laccase. The influence of  the type of  
transformation media and values of  initial pH was checked 
spectrophotometrically. The kinetic of  AHBS consump-
tion in time was monitored using capillary electrophoresis.
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Potato Virus Y (PVY) is a member of  the Potyvirus genus. 
This pathogen causes decrease in yield and quality, but also 
influences chemical properties of  a leaves. PVY isolates 
have been divided into three main strains: PVYN, PVYO 
and PVYC, according to the symptoms induced on tobacco 
and potato. PVYN isolates can be divided into two groups: 
PVYNW and PVYNTN. Because the most dangerous for to-
bacco is PVYN strain, we focused on that group of  isolates. 
Samples were obtained from four main tobacco producing 
area of  Poland. 192 PVY isolates were studied. Samples 
were tested by DAS-ELISA technique using monoclonal 
antibodies for both PVYO and PVYN strains.
Participation of  individual groups of  isolates depends on 
location and year of  sample collection. In two locations in 
2006 isolates from PVYNTN group were not observed. In 
the next years participation of  PVYNTN was increasing, but 
in two locations significant decrease of  PVYNTN in 2007 
was observed. The highest participation of  PVYNTN group 
was noted in 2008 and achieved above 70%. The PVYNTN 

isolates are more dangerous than PVYNW because more 
often break resistance of  resistant tobacco varieties.
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e-mail: Lucia Remenárová <l.remenarova@gmail.com>

The aims of  this study were to investigate sorption of  cati-
onic dyes — Malachite green (BG4), Thioflavine T (BY1) 
and Auramine O (BY2) from single systems, and metal ions 
Cd and Zn from binary system by Rhytidiadelphus squarrosus 
as well as optimizing of  experimental conditions. Response 
surface methodology (RSM) was used for design and opti-
mization of  sorption efficiency and for study of  combined 
effects of  operating parameters. 
Optimization of  dyes sorption was performed by varying 
of  three variables (initial concentration, solution pH, par-
ticle size of  biosorbent) using Box-Behnken design under 
RSM. Obtained results demonstrate that sorption of  dyes 
increased with increasing initial concentration and solution 
pH. On the contrary, sorption capacity Q increased with 
decreasing of  biosorbent particle size. By applying multiple 
regression analysis on experimental data we found that the 
quadratic models were appropriate for describing relation-
ships between sorption efficiency and operating param-
eters. The adequacy of  models was confirmed by analysis 
of  variance (ANOVA). The optimum conditions for maxi-
mum removal of  studied dyes by moss biosorbent were 
748 μmol/L, 5.74 and < 300 μm for BY1; 790 μmol/L, 
5.90 and < 300 μm for BY2 and 230 μmol/L, 5.80 and < 
300 μm for BG4. 
In binary system it was also found that moss biosorbent in 
binary system Cd-Zn has slightly higher affinity for Cd2+ 
comparing with Zn2+ ions. 3D plots of  combined effects 
demonstrate that competitive effect of  Cd on Zn uptake in-
creased with increasing solution pH and Cd initial concen-
tration. However, increasing of  Cd concentration caused 
decrease in Zn sorption. On the other hand, increasing of  
Zn concentration in solution caused less pronounced de-
crease of  Cd removal. 
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Yeast metabolic engineering 
for improvement of current 
producers of biofuels
Andriy A. Sibirny1,2

1Department of Molecular Genetics and Biotechnology, Institute of 
Cell Biology, NAS of Ukraine, Drahomanov 14/16, 79005 Lviv, Ukraine; 
2Department of Biotechnology and Microbiology, University of 
Rzeszow, Cwiklinskiej 2, 35-601 Rzeszow, Poland
e-mail: Andriy Sibirny <sibirny@cellbiol.lviv.ua>

Yeast Saccharomyces cerevisiae is used for industrial produc-
tion of  the first generation biofuels (ethanol from sucrose 
or starch), however, ethanol yield does not exceed 93%. To 
increase the ethanol yield, in baker’s yeast S. cerevisiae, genes 
coding for ATPases have been cloned and overexpressed 
resulting in increase of  ethanol yield and simultaneous de-
crease of  glucose conversion to biomass. Production of  
the second generation biofuels from plant biomass requires 
metabolic engineering of  the yeast strains for efficient alco-
holic fermentation of  pentoses, xylose and L-arabinose. S. 
cerevisiae strains fermenting xylose have been isolated ether 
by introduction of  heterologous genes XYL1 and XYL2 
from natural xylose-fermenting yeast Pichia stipitis, or in-
troduction of  bacterial or fungal genes coding for xylose 
isomerase. l-Arabinose-fermenting S. cerevisiae has been 
constructed by introduction of  genes coding for bacte-
rial pathway of  this pentose metabolism. Simultaneously, 
strains of  thermotolerant yeast Hansenula polymorpha with 
improved xylose ethanolic fermentation at high tempera-
tures (45–48oC) have been isolated either by expression 
of  bacterial xylose isomerase or by overexpression of  en-
gineered own xylose reductase XYL1m and native xylitol 
dehydrogenase XYL2, xylulokinase XYL3 and pyruvate 
decarboxylase PDC1. Efficiency of  xylose fermentation 
can be further increased also in the best natural xylose fer-
menting yeast P. stipitis by overexpression of  modified xy-
lose reductase XYL1m, xylitol dehydrogenase XYL2, xylu-
lokinase XYL3 or alcoholc dehydrogenase ADH1 together 
with pyruvate decarboxylase PDC1. Yeast strains directly 
fermented starch, xylan and cellulose also have been iso-
lated. 
Yeast S. cerevisiae could be a promising organism for heter-
ologous expression of  hydrogen-producing hydrogenases. 
Perspectives in construction of  advanced yeast producers 
of  alcohols and biohydrogen will be discussed.
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Effect of sonication parameters on 
yeast protein release efficiency
Izabela Stolarzewicz, Agata Kapturowska

Department of Chemistry, Faculty of Food Sciences, Warsaw University 
of Life Sciences, 02-787 Warsaw, Poland
e-mail: Izabela Stolarzewicz <izabela_stolarzewicz@sggw.pl>

Cell disruption is an important step in obtaining intracellu-
lar products such as proteins, enzymes and polysaccharides. 
There is a wide range of  physical, chemical and biological 
methods of  disintegrating cell wall. Ultrasonics is a rapidly 
growing field of  research for biotechnology, green chem-
istry and food technology. A process using high intensity 
ultrasounds could become a tool in permeabilization of  
cell membrane and cell wall. The aim of  this study was to 
evaluate different parameters of  yeast cells sonication used 
in order to obtain intracellular protein solution for organic 
synthesis. Cells of  Yarrowia lipolytica KKP 379 were soni-
cated in a 20-kHz horn-type sonicator. We noticed a signifi-
cant impact of  time, power of  ultrasounds, amount of  the 
biological material and type of  additives used in the buffer 
dilution on protein leak. The highest ultrasonic power the 
more intracellular proteins were released. The same effect 
of  time was also observed, and the most effective additive 
proved to be 2% Tween 80. We conclude that sonication 
could be a useful method of  extraction enzymatic protein 
in concentration of  c.a. 120 mg/g d.m. on a laboratory 
bench. Although the same power ultrasound can produce a 
positive effect on enzyme activity, acoustic sounds can also 
denaturate proteins. For future applications of  lyophilized 
protein extract the activity of  enzymes should be investi-
gated.
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Soil bacterial consortium as a bio-
agent for soil remediation: effect on 
autochtonous microbial communities
Alicja Szulc, Alicja Spychała, Łukasz Ławniczak, Damian 
Ambrożewicz, Filip ciesielczyk, Łukasz chrzanowski

Institute of Chemical Technology and Engineering, Poznan University 
of Technology, Poznan, Poland
e-mail: Alicja Szulc <alicja_szulc@wp.pl>

Background: 218 soil microbial consortia able to grow on 
diesel fuel as a sole source of  carbon and energy were iso-
lated from soil samples contaminated with crude oil in the 
Polish Carpathian Mountains (Owsianiak et al. 2009). This 
region was extensively exploited in the beginning of  the 
twentieth century for crude oil production thus highly effi-
cient hydrocarbon degraders must be present. The isolated 
consortia were subjected to screening in order to acquire 
the best diesel oil degrading consortium in the lab. 
Objectives: 1. To introduce the best lab player in the form 
of  a bio-agent to diesel oil contaminated site; 2. To evaluate 
diesel oil biodegradation on site; 3. To examine the degrad-
ing populations on site.
Methods: Bio-agent was produced by lyophylisation of  ex-
ponentially grown bacterial consortium mixed with N and 
mineral source. Biodegradation efficiency was determined 
according to ISO 9377-2:2000. Soil response to biodegra-
dation processes was monitored by CO2 determination. 
The bacterial community structure was detected by PCR-
DGGE.
Results: 1. Biodegradation efficiency ranged from 20 to 
80%, with an average of  60% during 12 month studies; 
2. After the initial biodegradation boost resulting from 
an addition of  the bio-agent, no long term effect was ob-
served; 3. After 3–4 months of  introduction time he local 
bacteria completely overgrew those deriving from the bio-
agent; 4. Long-term biodegradation efficiency was compa-
rable for the bio-agent treated and untreated reference area.
Conclusions: 1. The bio-agent strategy failed during field 
studies; 2. The acquired bio-agent is not a universal prod-
uct; 3. The biostimulation at the examined spot should be 
of  primary consideration. 
References:  
Owsianiak M et al. (2009) Appl Microbiol Biotechnol 84: 545–553.
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Calcium channels are involved in proctolin 
activity on Tenebrio molitor heart
Monika Szymczak, Paweł Marciniak, Joanna 
Pacholska-bogalska, Grzegorz rosiński

Department of Animal Physiology and Development, Adam Mickiewicz 
University, Umultowska 89 Str., 61-614 Poznan, Poland
e-mail: Monika Szymczak <monikasz@amu.edu.pl>

Proctolin (RYLPT) is a pentapeptide, which was character-
ized as a first insect neuropeptide from cockroach Periplan-
eta americana. This peptide was also found in Tenebrio molitor 
beetle. Proctolin exerts a strong cardiostimulatory effect on 
insect heart.
Verapamil, a L-type Ca2+-channel blocker was used in our 
research to investigate if  calcium channels are involved 
in proctolin cardiotropic action. Proctolin induced long-
lasting contractions of  the semi-isolated Tenebrio molitor 
heart when applied at concentration of  10-7 M. Vera-
pamil at concentration of  100 uM significantly decreased 
proctolin-induced contractions. It suggests that proctolin 
requires extracellular calcium ions to produce an increase 
in the frequency and amplitude of  the heart contractions. 
The results indicate also that Ca2+-channels of  L-type are 
involved in the influx of  calcium ions into myocardial cells 
stimulated by proctolin.
Acknowledgment:
The first author is a scholarship holder within the project “Scholarship 
support for PH.D. students specializing in major strategy for Wileko-
polska’s development”, Sub-measure 8.2.2 Human Capital Operational 
Programme, co-financed by European Union under the European Social 
Fund.
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Stomatal characteristics and nuclear 
DNA content in colchicine treated 
plants of Humulus lupulus L.
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Humulus lupulus L. is a diploid, perennial plant. It’s second-
ary metabolites are used in brewing as well as in pharma-
ceutic industry. The Polish hop breeding programme fo-
cuses on the generating poliploid plants as they are higher 
yielding, produce more soft resins and essential oils. There-
fore the breeders are interested in determination of  ploidy 
level before starting breeding programmes. In this study 
stomatal frequency, stomatal guard cell length and width 
were examined as morphological indicator for identifying 
ploidy level in a population of  diploid and tetraploid plants 
of  H. lupulus cv. Sybilla obtained after colchicine treatment. 
For stomatal measurements, three basal leaves were placed 
in 12% H2O2 for 72 h. The epidermal layer on the under-
side of  a leaf  was removed and observed by light micros-
copy. Furthermore, flow cytometry was used to analyze the 
DNA content of  nuclei isolated from leaf  tissue. Nuclear 
DNA content measurements were made with the objective 
of  understanding the relationship between ploidy level and 
genome size of  H. lupulus. 
There was variation among diploid and tetraploid plants 
for stomatal frequency. Mean stomatal frequency ranged 
from 21.45 to 24.5 per mm2 for diploid and from 15.3 to 
20.3 for tetraploid plants. The significant reduction in sto-
matal frequency at tetraploid level was mainly a result of  
larger stomatal cell size. There the effect of  ploidy on guard 
cell length and width was observed. Tetraploid plants have 
fewer, but larger stomata compared to their diploid coun-
terparts. Mean stomatal guard length ranged from 20.22 to 
22.77 mm for diploid and from 27.45 to 30.14 mm to tetra-
ploid. Stomatal width ranged from 14.47 to 18.23 mm for 
diploids and from 19.12 to 22.28 for tetraploids. Nuclear 
DNA content revealed variation among diploid and tetra-
ploid plants. The 2C genome size values of  diploid was es-
timated as 5.85± 0.05 pg while DNA amounts of  tetraploid 
plants were proportionately larger 4C = 11.52±0.08 pg. 
Our results indicate that stomatal frequency and size could 
be used as very useful indicator for selecting tetraploid 
from diploid within H. lupulus. While the information about 
genome size may be helpful in studying the correlation be-
tween plant cells morphology and absolute nuclear DNA 
content.
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 Production a new chemicals and 
energy using biorefinery systems
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The technological processes for production of  different 
important chemicals are based on non-renewable resourc-
es. These processes are energy intensive and environmental 
unfriendly, emitting CO2, toxic and none recycling wastes.
The world wide orientation is oriented on utilisation of  re-
newable resources and introduction of  biotechnology into 
different economy sectors.
The basic systems of  biorefinery are characterized and the 
main interesting product including “owilding block” for 
chemical and biotechnology production are stated. The 
biorefinery models will be challenged by technological de-
velopment in metabolic, gene engineering and in the next 
future by synthetic biology.
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