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Starch is an interesting, natural, abundant and renewable 
raw material. For many applications, its properties can be 
improved by chemical modification, and acylation has been 
commonly used. Traditionally this makes use of  powerful 
acylating agents (anhydrides and acid chlorides) and/or 
harsh conditions. Enzymatic acylation would be attractive 
because of  the use of  mild conditions, specific reaction, 
and the avoidance of  by-products, particularly if  fatty acids 
can be used as acyl donors. It is difficult to find a reac-
tion system in which the three species can be brought into 
mutual contact: the starch; an enzyme; and water insoluble 
fatty acids or derivatives. However, there are some literature 
reports of  successful acylation in both organic and aqueous 
gel media. This talk will present our recent studies of  acyla-
tion with medium chain fatty acids, mainly with the liquid 
acid dispersed as droplets in an aqueous starch gel contain-
ing a lipase (1). It is possible to obtain substitution up to 
about 1 acyl chain per 50 glucose residues, which is the 
level desired for most intended applications. Acylation does 
not proceed further, but it is not clear whether this reflects 
reaction equilibrium or kinetic issues. There is a sharp opti-
mum in water content at just under 2 g per g starch – below 
this the starch does not gelatinize properly, while above this 
the excess water may oppose the desired reverse hydroly-
sis reaction. Product analysis is an important issue in these 
systems, with several commonly used methods not reliable 
for the type of  products obtained by enzymatic acylation. 
Alkaline methanolysis followed by GC seems to be a sound 
approach [1]. Bifunctional fatty acids may usefully be es-
terified to the starch in this system. Alkynoic acids with a 
terminal triple bond provide a site at which various azide-
containing reagents can be attached under mild conditions 
using click chemistry [2]. This was exemplified by attach-
ing a fluorescent reporter, and also biotin, giving a starch 
preparation able to bind the protein streptavidin.
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Laccases belong to a diverse superfamily of  multi-copper 
oxidases (MCOs) that catalyse one-electron transfer oxida-
tions of  various phenolic compounds, complexed metal 
ions and dye molecules, with transfer of  these electrons 
to the four copper centers of  laccase. These electrons are 
then passed on to dioxygen, resulting in its reduction to 
water rather than hydrogen peroxide. Laccases are wide-
spread in nature, and – depending on their origin – they can 
show widely varying properties including redox potential, 
substrate specificity, stability and catalytic optima. Laccases 
have found increased interest and application in organic 
synthesis in recent years [1, 2]. 
We have shown that laccases can be used to efficiently re-
generate flavin-containing oxidoreductases, both dehydro-
genases and oxidases, by reoxidising artificial redox media-
tor used by these oxidoreductases as electron acceptors in 
reactions that are of  biocatalytic interest. This can enable 
the use of  flavin-dependent dehydrogenases in biocatalysis 
since then the electron acceptor can be added in minute, 
stoichiometric amounts. When using flavin-containing oxi-
dases, this approach can contribute to the stabilisation of  
the enzyme during turnover, since the formation of  highly 
reactive hydrogen peroxide can be greatly reduced when 
using alternative electron acceptors that are  continuously 
regenerated by laccase. 
This concept employing laccase can be further expanded 
to continuous in situ regeneration of  NAD+ and NADP+ 
from NADH and NADPH, respectively, in coenzyme-
dependent, dehydrogenase-catalyzed reactions. Here, the 
enzymatic regeneration system uses laccase in combination 
with redox mediators to reoxidise NADH or NADPH by 
concomitant reduction of  oxygen to water. We tested sev-
eral redox mediators under different conditions, and Mel-
dola’s blue appeared to be the most promising candidate 
as a redox mediator for these processes. Laccases from 
the Japanese lacquer tree Rhus vernificera, the basidiomycete 
Trametes pubescens, and the ascomycete Melanocarpus albomyces 
were tested with Meldola’s blue as redox mediator in dif-
ferent dehydrogenase-catalyzed conversions to corroborate 
the application potential.
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Engineered biological systems that integrate multi-input 
sensing, sophisticated information processing, and pre-
cisely regulated actuation in living cells could be useful in 
a variety of  applications. For example, anticancer therapies 
could be engineered to detect and respond to complex 
cellular conditions in individual cells with high specificity. 
Here, we show a scalable transcriptional/posttranscrip-
tional synthetic regulatory circuit‹a cell-type ³classifier²‹that 
senses expression levels of  a customizable set of  endog-
enous microRNAs and triggers a cellular response only 
if  the expression levels match a predetermined profile of  
interest. We demonstrate that a HeLa cancer cell classi-
fier selectively identifies HeLa cells and triggers apoptosis 
without affecting non-HeLa cell types. This approach also 
provides a general platform for programmed responses to 
other complex cell states.
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In this research project various kinds of  plant biomass are 
employed for the preparation of  biodegradable fibrous 
polymer materials and composites by biotechnological 
methods, involving enzymatic or microbial processess. The 
major intermediates in the preparation of  final products 
are cellulose nanofibres, tactical polylactide and biodegrad-
able aliphatic-aromatic copolyesters.
For the preparation of  cellulose nanofibres, a cellulose rich 
plant biomass is being utilized, including grass and straw 
of  various cereals or other agriculture useful plants. The 
biomass is first pretreated by physical and/or chemical 
methods including boiling, steam-explosion or treatment 
with certain chemicals. Multienzyme complex obtained 
from Aspergillus niger mould is utilized as the main enzy-
matic tool.
The synthesis of  tactical polylactide is being performed 
by chemical polymerization of  L,L-lactide, prepared from 
L-lactic acid. The latter is obtained by stereoselective fer-
mentation of  plant biomass, after its saccharification by 
appropriate enzymes (Aspergillus niger preparations).  The 
stereoselective microorganisms (bacteria) used for the fer-
mentation were selected by classical microbiology methods 
from the environment. In this case patatoes, cereal grains 
or beet pulp are utilized as starting biomass.
The third path involves utilization of  various oil-plant bio-
mass, which on sequential treatment with lipase prepara-
tions obtained from Mucor circinelloides and Mucor racemosus 
moulds (structurization, hydrolysis) and appropriate chem-
ical reactions (cycloaddition, hydrogenation) are trans-
formed into oligodiols/polyols with glyceride backbone. 
These will be copolymerized with appropriate reagents in 
order to produce new biodegradable aliphatic-aromatic co-
polyesters. The polyesters will be utilized for the prepara-
tion of  several fibrous polymers and composites.
The fibrous materials and composites prepared within this 
Project on the basis of  abovementioned intermediates will 
be further utilized for obtaining new functional textiles and 
nonwovens with potential sanitary or technical applica-
tions, such as sweat-absorbing textile inserts, sanitary tex-
tiles, filtration materials, geotextiles and agrotextiles. Within 
this Project the processes of  ageing and controlled biodeg-
radation of  prepared materials will be studied, as well as the 
conditions of  their recycling and possible use of  degrada-
tion products in agriculture.
Acknowledgements
The Project (POIG 01.01.02-10-123/09) is partially financed by the Euro-
pean Union within the European Regional Development Fund.



       Eurobiotech 2011 5

P1.2

Microscale high cell density Escherichia coli 
cultures supported with a liquid oxygen 
carrier for enhanced plasmid production
Maciej Pilarek1, Eva Brand2, Friederike 
Hillig2, Peter Neubauer2

1Department of Biotechnology and Bioprocess Engineering, Faculty of 
Chemical and Process Engineering, Warsaw University of Technology, 
Warsaw, Poland; 2Chair of Bioprocess Engineering, Institute of 
Biotechnology, Technische Universitaet Berlin, Berlin, Germany
e-mail: Maciej Pilarek <pilarek@ichip.pw.edu.pl>

High cell density cultures are usually performed as carbon 
source limited fed-batch process by a continuous addition 
of  the highly concentrated carbon source at a growth limit-
ing rate. The use of  an internal fed-batch cultivation system 
provided by the EnBase® technology makes the high cell 
density cultivation possible in various scales. In this system 
the controlled supply of  glucose is realized by the use of  
an internally dissolved glucose polymer which cannot be 
directly assimilated by growing cells and the application of  
glucoamylase which releases single glucose monomers. Im-
portantly, to keep the culture in an aerobic state, the feed 
rate must be correlated with the oxygen transfer rate, which 
is limited by the solubility of  oxygen into the aqueous me-
dium and depends on the technical setup. The increase in 
the volumetric oxygen transfer rate allows a higher sub-
strate feed rate and can thus result in higher cell densities 
or higher metabolites productivity. It may be obtained by 
application of  perfluorochemicals as oxygen carriers. Liq-
uid perfluorochemicals (PFCs) are characterized by a high 
solubility of  gases. The oxygen solubility in PFCs is ca. 20 
times higher than the solubility of  O2 in water at the stand-
ard conditions.
The aim of  our study was to prove that air/O2 saturated 
liquid PFC can enhance production of  plasmid in µl-scale 
high cell density cultures of  Escherischia coli in standard 1.5 
ml Eppendorf  tubes.
Usually plasmid production cultures are performed in 2–3 
mL of  LB-medium in round bottom glass or 15 ml Falcon 
tubes on a shaker with special stand for angled position of  
the tubes. We show the feasibility of  obtaining the same 
amounts of  plasmid in only 50 µL of  medium in closed 1.5 
ml Eppendorf  tubes on a thermomixer. It has been found 
that for the production of  plasmid in high cell density shak-
en µL-scale cultures the addition of  oxygen enriched per-
fluorodecalin had positive effects and made process more 
robust. The concentration of  pDNA was up to 50% higher 
in cultures oxygenated with PFC than in not additionally 
aerated control cultures. The amount of  plasmid copies per 
cell was also higher. The advantages of  our method are: 
(i) fast (within 8 h) and well reproducible cultivations, (ii) 
the use of  regular laboratory devices without an extra ap-
pliances, (iii) the closed tubes entirely prevent evaporation 
of  medium and (iv) a possibility of  in situ plasmid isolation 
proceeded directly in the Eppendorf  tubes contain culti-
vated cells.
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The traditional in vitro cultures of  anchorage-dependent 
cells use solid surfaces as a base for growth. However, ap-
plication of  such systems is limited by the fact that cells 
usually form 2-D surface-attached monolayers. When cul-
tured cells form multilayer or aggregates the mass transfer 
and oxygen supply to the cells might be a limiting factor. 
Such culture systems cannot be aerated traditionally, i.e. by 
bubble or air-lift aeration, commonly applied to homog-
enously suspended cells. Thus, application of  oxygen rich 
fluids, known as liquid oxygen carriers, is an alternative to 
conventional aeration systems.
Liquid perfluorochemicals (PFCs) are characterized by a 
high solubility of  gases. PFCs are hydrophobic and immis-
cible with aqueous media in which they create a separate 
phase below, i.e. on the bottom of  culture flask/vessel. The 
lack of  toxicity and negative side effects of  PFCs on living 
cells was confirmed by in vitro experiments and also in clini-
cal investigations.
Here we show the benefits of  liquid/liquid system involv-
ing layer of  PFC saturated with air and O2/CO2 for culture 
of  3-D aggregated mammalian cells. To prove the feasi-
bility of  presented culture system we compared the mor-
phology of  A431, BHK-21, and C2C12 cells cultured on 
solid surface and also directly on flexible liquid/liquid in-
terface of  two immiscible phases: perfluorodecalin (PFD) 
and culture medium. Under liquid/liquid interface culture 
conditions cells did not spread in flat 2-D monolayer as it is 
typically observed for anchorage-dependent cells but grew 
in 3-D aggregated forms. The effect of  the PFD addition 
on cells morphology strongly depended on the adhesion 
properties of  cells and on the concentration of  O2 or CO2 
in PFD. The BHK-21 cells formed multicellular 3-D ag-
gregates. A431 and C2C12 cells grew as tight colony-like 
aggregates. The best effects were observed for BHK-21 
cells cultured in the presence of  PFD saturated with O2 
enriched air (+20%O2) or with PFD enriched with CO2 
(+20%CO2). Such conditions allowed about 40% increase 
in the cell density, as compared to the reference cultures on 
solid surface. The increase in cells density could be a result 
of  enhanced and facilitated access of  cultured cells to oxy-
gen or of  efficient buffering of  culture medium with CO2 
dissolved in PFD. The experiments have proven that the 
PFC/medium system may be valuable for experiments in 
that formation either of  multicellular aggregates or single-/
multi- layered cell-sheets are required.
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The idea of  the Project with an acronym Biomass involves 
the transformation of  various kinds of  biomass by biotech-
nological methods into environmentally friendly polymer 
materials. Task 2.2 realized at ITB TUL aims at developing 
a method of  production of  inexpensive preparations of  
lipases — a tool in biotechnological steps of  chemo-enzy-
matic conversion of  lipid biomass into polyols which will 
be used in production of  alkyl-aryl polymers.
Filamentous fungi Mucor circinelloides and M. racemosus syn-
thesizing intracellular lipases that are predestined to ca-
talysis in non-aqueous media were used in the study [1-3]. 
Their immobilized whole-cell preparations were obtained 
through binding their mycelium onto a porous carrier in 
situ, during their growth.
Presented investigations comprised: [1] selection of  con-
ditions of  lipase biosynthesis and stabilization in transes-
terification processes (including acidolysis of  rapeseed oil 
by saturated fatty acids); [2] carrier selection among com-
mercial polyester and polyether foams with open poros-
ity and different pore size) and optimization of  conditions 
of  fungal growth on this carrier (including % content of  
the carrier in the culture medium); [3] development of  the 
method of  immobilized lipase preparations production in 
the large-laboratory scale, including selection of  the shape 
and size of  the porous material and its position in fermen-
tors (from Infors, volumes of  1 and 24 dm3) and condi-
tions of  agitation and aeration; [4] the development of  a 
method of  de-fatting and de-hydration of  the oleaginous 
and lipolytic mycelium immobilized in porous carrier; [5] 
optimization of  water content in the biocatalyst expressed 
as water activity (aw).
The obtained preparations of  Mucor lipases immobilized in 
porous carriers display the high operation stability (above 
100 days) in continuous transesterification processes in-
cluding  acidolysis of  plant oils by saturated fatty acids 
(stearic and palmitic). 
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Diverse lignocellulosic materials have been used in ener-
getic, chemical and pharmaceutical industries. They can be 
also applied as a valuable raw material in fabrication of  cel-
lulose nano-fibres. 
Ligninocellulose is a heterogenic substance, characterized 
by a very complex chemical and physical structure. It is 
a tightly packed complex of  cellulose, hemicellulose and 
lignin, and contains also some extractable substances and 
pectin. Cellulose fraction is hermetically coated by stable 
molecules of  lignin which forms the so called “lignin bar-
rier”. Getting through the latter is a difficult problem in 
biotechnology. Only certain fungi and bacteria can degrade 
this polymer through oxidation catalyzed by various oxi-
doreductases.
Because the latter enzymes can be used in one step of  cel-
lulose nano-fibres fabrication, microbial producers of  ligni-
nolytic enzymes were selected. They will be used in directed 
degradation of  lignin fraction of  ligninocellulosic materi-
als, in particular agricultural wastes like straws of  wheat, 
oat, hemp and flax. Microorganisms subjected to screening 
originated from pure culture collection at the Institute of  
Technical Biochemistry TUL. 
The screening procedure comprised 2 steps. In the first of  
them, the microorganisms were grown in 2 solid culture 
media supplemented with guaiacol and alkaline lignin in or-
der to identify producers of  laccase and other ligninolytic 
enzymes. The selected, most efficient producers of  extra-
cellular ligninolytic enzymes were subjected to the second 
step of  screening in liquid culture media. The most effi-
cient producer of  laccase (12 units ml–1) and lignin peroxi-
dase (29 units ml–1) among 39 tested microbial strains was 
found to be the strain Trichoderma sp. QM9123. Conditions 
of  laccase biosynthesis by this fungus were optimized by 
using mathematical method of  Box and Wilson. The yield 
of  laccase synthesis was increased 4.5-fold by this method.
Resulting enzyme preparation was used in directed degra-
dation of  wheat and oat straw.
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Presented study aimed at the development of  a method 
of  conversion of  oleaginous biomass into oligo/polyols 
which according to targets of  Biomass project will partly 
substitute for 1,4-butandiol used in synthesis if  biodegrad-
able alkyl-aryl co-polyesters. 
The concept of  proposed procedure is based on chemo-
enzymatic conversion of  triacylglycerols (TAGs) contained 
in rapeseed oil into polyols [1]. Its first step consists in 
rapeseed oil acidolysis by saturated fatty acids (stearic, pal-
mitic) catalyzed by sn-1,3 specific lipases. In this reaction, 
unsaturated FAs from sn-1,3 positions of  TAGs will be re-
placed with saturated ones. Resulting structured TAGs will 
be converted in further steps of  chemo-enzymatic proc-
esses into oligo-/polyols. Enzyme-catalyzed steps of  this 
procedure involve region-specific lipases including Mucor 
circinelloides lipase which is predestined to catalysis in non-
aqueous media [2]. 
Presented study focused on optimization of  conditions of  
enzymatic structurization of  rapeseed oil through acidoly-
sis by saturated FA (optimized parameters: time, tempera-
ture, molar ratio of  substrates, type of  organic medium and 
water content in this medium). Water content was control-
led by water activity measurements (Rotronik probe) and 
water quantification by Karl Fischer method. Reaction 
progress was controlled by the developed method basing 
on quantification of  fatty acids separated on aminopropyl 
SPE columns, determination of  free fatty acids content by 
copper soaps method [3] and quantification of  unsaturated 
fatty acids by sulfo-vanilin method [4]. The mathemati-
cal model was developed and used to calculate the degree 
of  TAGs structurization. The structured TAGs were also 
analyzed by HPLC (RP-C18 column, NQAD detector) and 
GC methods. 
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Coloured compounds are synthesized by many fungal spe-
cies in their natural environment and there are carotenoids, 
melanins, flavonoids and quinones. However, an isolation 
of  natural pigments can be replaced by the bioconversions 
of  defined precursors into dyes by the using the fungal 
enzymes as biocatalyst. A promising candidate for this 
kind of  enzyme-assisted biotransformation might be lac-
case (LAC), widespread enzyme produced by many fungal 
species belonging to large group of  Basidiomycota. The 
advantages of  this LAC-mediated transformation into po-
tential new colour molecules are very rapid reaction, result-
ing in the synthesis generally stable products about broad 
spectrum of  colours. Further advantages of  this synthesis 
include simplicity and the use of  oxygen as the “clean oxi-
dant”.
This work is a preliminary approach to estimate the ca-
pabilities of  laccase from Cerrena unicolor to be used in 
dyes synthesis. Thirty different phenolic and non-phenolic, 
non-coloured precursors, were tested as single and cou-
ple substrates for oxidation by LAC. All precursors were 
tested by cyclic voltammetry and the correlation between 
their structure, their redox potential, and the possibility 
of  their transformation into coloured products by fungal 
LAC was found. Substrates characterized by the low val-
ues of  oxidation peak were more easily transformed with 
LAC. The presence of  additional substituents in aromatic 
ring of  substrates, belonging to the methoxy, hydroxy and 
amino groups, was effective in the synthesis of  more col-
oured products during LAC-catalyzed homo- and hetero-
molecular transformations. Moreover substrates about 
very high oxidation peaks can be transformed by laccase 
into coloured products only in the presence of  additional 
precursors, playing the role of  mediators or co-substrates. 
Additional, hydroxylation, methoxylation, and amination 
of  various phenolic and non-phenolic substrates, may rep-
resent a strategy to increase the range of  these compounds 
as potential dyes precursors. Considering the small quan-
tities of  enzyme employed and possible use immobilized 
form of  LAC, the LAC-mediated transformation of  simple 
compounds as potential dyes’ precursors turns out to be ef-
fective. Further applicability of  the laccase in the synthesis 
of  new coloured molecules is currently being investigated 
in our group.
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Oxalic acid is a potential factor responsible for troubles 
in industrial processing, like formation of  calcium oxalate 
crystals in pulp and paper industry, and in forest biorefiner-
ies. It causes problems in pipework, washing filters, and heat 
exchangers. During the brewing process oxalate can form 
a beer stones or be the cause of  the problem of  “gushing” 
during this process. In human, oxalate is the end product 
of  protein metabolism, which together with increased its 
supplementation from the diet, can lead to hyperoxaluria 
and in consequence to urolithiasis. To prevent or remove 
of  the detrimental effects of  oxalate deposition during in-
dustrial processes, oxalate degrading enzymes can be ap-
plied. These enzymes can also find application in clinical 
assay for oxalate (oxalate determination in blood and urine) 
and treatment of  urolithiasis by enzyme supplementation 
therapy, which reduces the level of  oxalic acid ingestion. 
There are two main oxalic acid degrading enzymes: oxalate 
decarboxylase (EC 4.1.1.2, OxDC) and oxalate oxidase (EC 
1.2.3.4, OxO). The main source of  OxO are plants and the 
best characterized one is from cereal plants such as barley 
and wheat. Recently new OxO from the fungal strain Ceri-
poriopsis subvermispora was isolated [1]. This fungal OxO pos-
sess bicupin structure, differ from typical plant OxO, which 
are monocupin. Due to roles of  OxO in ligninocellulose 
degradation and industrial processing, the improvement of  
research related to novel OxO with potential new proper-
ties, is worthwhile subject to study.
In this study we induce and partial purified the OxO from 
Abortiporus biennis, fungal strain belonging to lignocelulosis 
decomposers. Purification steps included ammonium sul-
phate precipitation, gel filtration and ion-exchange chro-
matography.
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The aim of  this work was to study the morphology of  fun-
gus Aspergillus terreus ATCC20542 during the growth on 
different carbon sources i.e. lactose, glycerol and mixture 
of  these two. The experiments were made in shake flasks 
of  150 ml working volume in submerged culture. These 
were batch and discontinuous fed-batch experiments. Yeast 
extract was used as the sole nitrogen source.
The filamentous fungus A. terreus is the main producer of  
lovastatin, which is an inhibitor of  (S)-3-hydroxymethyl-
glutaryl-CoA reductase in the endogenous biosynthesis 
of  cholesterol in the human organism. This microorgan-
ism grows in the form of  macroscopic pellets, which are 
formed as a result of  the aggregation of  spores. The size 
and shape of  the pellets depended on the type of  carbon 
sources. In batch cultures, when glycerol was the initial car-
bon substrate, the mean pellets diameter was about 2.7 mm 
and they were fluffy. The pellets growing on the lactose, 
as the sole carbon source were smoother of  about 2 mm. 
The initial substrate concentration (glycerol or lactose) was 
20 g l–1. 
The same phenomenon was observed when the mixture of  
lactose and glycerol was applied, but in this case the dimen-
sions of  individual pellets in the culture were significantly 
different, the lowest achieved about 0.7 mm, while the size 
of  the highest was about 3.4 mm. In the discontinuous 
fed-batch cultures, the pellets were considerably smaller 
compared with the ones growing in the batch cultures. In 
this system the mean pellets diameter did not exceed 1.6 
mm. It was probably caused by the lower initial concentra-
tion of  the initial carbon source either lactose or glycerol 
(10 g l–1). In these runs higher amount of  lovastatin was 
obtained compared to the batch runs, so the smaller pel-
lets were better at producing of  this metabolite than larger 
ones. Additionally, the colour of  pellets was dependent on 
the type of  the initial carbon source. Thus, these pellets 
that grew on the glycerol were darker compared to the pel-
lets, which were cultivated on the lactose. The darker col-
our also indicated some changes in A. terreus metabolism, 
since lovastatin biosynthesis was accompanied by more 
(+)-geodin, which was undesirable secondary metabolite in 
these studies. 
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Being environmentally and energetically  profitable metha-
nogenic fermentation became the object of  large interest 
during last decades. Extreme complexity   of  microbial 
interactions involved in this anaerobic process of  organ-
ic matter decomposition gives a large field of  activity for 
researchers and engineers. Anaerobic digestion, with its 
microbial diversity, sensitive to even small changes in tem-
perature, pH or organic loadings, requires strong process 
control. The continuous process in of  anaerobic digestion 
is hard to perform due to great differences in generation 
times of  individual microorganisms. Sequencing batch 
process, consisting on specific cyclic operation mode, 
which ensures long solids retention times and high active 
biomass concentrations,  significantly improves process 
stability.
The major field of  interest for most of  studies is the influ-
ence of  the temperature range, organic loading rates and 
hydraulic retention time on anaerobic system performance. 
There is a lack of  unequivocal information in literature 
about the role of  the time  of  single cycle in productivity 
of  sequencing batch anaerobic digestion. 
The aim of  this work was to  evaluate the possible influ-
ence of  the duration of  single cycle on volume of  biogas 
produced during sequencing batch mode  fermentation of  
complex organic wastes. Theoretical investigations suggest 
that, for constant organic loading rate, there is an optimum 
cycle time for which the maximum methane production 
occurs. The optimum cycle time depends on the type of  
substrate used, organic loading rate and biomass concen-
tration. 
For experimental evaluation  anaerobic digestion of  com-
plex substrate containing stillage, glycerol and animal fat 
was carried out in single tank digester (7 L of  working 
volume, equipped with mechanical  impeller), working 
in sequencing batch mode. The temperature of  process 
was maintained at mesophilic range (35±1°C). Bioreactor 
worked for over three months with four different cycle 
times (12 h, 24 h, 48 h and 72 h) and with constant organic 
loading rate about 4.7 g COD/Ld. The volume and com-
position of  biogas produced were daily measured. COD, 
VFA and pH of  effluent were determined according to 
standard methods.
The results confirmed the theoretical considerations. Maxi-
mum average biogas production rate was obtained for 24 h 
cycle and amount 4.5 L/d during repetitive cycles.
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8-Prenylnaringenin is considered to be the most potent 
phytoestrogen isolated to date. In order to select micro-
organisms capable of  transforming of  the compound 
preliminary screening tests of  24 fungal cultures were per-
formed. Most of  the tested strains was found to be capable 
of  8-prenylnaringenin conversion. Incubation of  Syncepha-
lastrum racemosum AM105 with substrate gave 8-prenylnarin-
genin-7-sulfate. Sulfation of  flavonoids in microbial system 
is extremely rare.
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Twenty  fungal strains were tested for their ability to trans-
form xanthohumol – a major hop prenylflavonoid. Four of  
them belonging to the genera of  Spicaria and Fusarium were 
selected for further studies. Spicaria fusispora AM136 trans-
formed a dimethyl allyl group of  substrate into dihydro-
furan derivative. Fusarium trinicintum AM16 catalyzed dehy-
drogenation of  α,β unsaturated bond, whereas cultures of  
Fusarium avanaceum AM11 and Fusarium oxysporum UPF727 
were able to perform both of  these reactions, let to dihy-
drofuran derivatives of  α,β-dihydrochalcones. 
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Fungal oxidoreductases years are of  interest to biotechnol-
ogists due to their large application possibilities. Cellobiose 
dehydrogenase (CDH, cellobiose: acceptor 1-oxidoreduct-
ase, EC 1.1.99.18) is an extracellular oxidoreductase pro-
duced by many wood-degrading and phytopathogenic fun-
gi in the presence of  cellulose. Cellobiose dehydrogenase 
is an enzyme with a bipartite domain organisation, con-
sisting of  an N-terminal heme domain containing a cyto-
chrome b-type heme and a C-terminal flavin domain with 
a noncovalently bound flavin-adenine-dinucleotide (FAD). 
These two domains are connected by a protease sensitive 
linker, which is rich in hydroxy amino acids. Cellobiose de-
hydrogenase efficiently oxidizes reducing end of  cellobiose 
but also soluble cello-oligosaccharides and lactose to their 
corresponding 1.5-lactones, using a wide spectrum of  dif-
ferent electron acceptors, which are subsequently hydro-
lysed to the carboxylic acids. In biotechnology, several stud-
ies were carried out using CDH for enzymatic treatment of  
paper pulp, enzymatic treatment of  depolymerised biomass 
in nonaqueous solvent, production of  lactobionic acid, and 
for waste removal. Regarding the analytical usage, CDH 
has been used in enzymatic assays and in biosensors both 
for electron donors, e.g. lactose, and electron acceptors, e.g. 
diphenols and catecholamines. A very recent and exciting 
application of  CDH is the use of  the enzyme as an anodic 
element in biofuel cells, using both direct electron trans-
fer (DET) and mediated electron transfer (MET). Many of  
fungal species produce cellobiose dehydrogenase, one of  
the highly efficient producers of  this enzyme is Trametes hir-
suta. The aim of  this research project was optimize culture 
conditions, purify and characterize cellobiose dehydroge-
nase from Trametes hirsuta. Optimization of  culture con-
ditions and enzyme purification in consequence led to the 
obtaining of  large amounts biotechnologically important 
enzyme. The optimization of  the culture conditions was 
studied in 24-wells plates. Maximum enzyme production 
in Trametes hirsuta cultures was observed after 6 day of  
incubation (28°C) using basic culture medium with 0.5% 
Avicel and 1% (NH4)2HPO4. Subsequent steps were asso-
ciated with the characteristics of  the purified protein such 
as: molecular mass, isoelectric point, the effect of  pH and 
temperature on enzyme activity, substrate specificity, redox 
potentials and kinetic constants.
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Microbial Electrolysis Cell (MEC) or bioelectrolyser is a bi-
oreactor that produces hydrogen by means of  applied volt-
age combined with extracting additional energy from or-
ganic compounds using electrically active microorganisms. 
The whole process takes place in an electrochemical cell 
connected to a power supply, in which oxidation of  organic 
substrate on biological anode and reduction of  protons to 
hydrogen on cathode is achieved. The process is reported 
to be less energy-consuming than water electrolysis and of  
potential as means of  waste treatment
In this paper, a three-chambered MEC using bacterial com-
munities form lake bottom sludge fed with sodium acetate 
was investigated. The experiments were conducted in an 
apparatus that could be used as either microbial fuel cell 
(MFC) or bioelectrolyser. It comprised of  three compart-
ments: feeding, anodic and cathodic one. Each compart-
ment was made of  20 mm thick polypropylene plate cut 
into appropriate shape. The inside dimensions of  feeding 
and cathodic compartments were 100 × 100 × 15 mm, while 
the anodic compartments dimensions were 100 × 100 × 20 
mm. Total working volume of  the apparatus was 500 cm3. A 
polypropylene microfiltration membrane (0.2 µm pore size) 
was placed between the feeding and anodic compartments 
that allowed for the carbon source and nutrients to diffuse 
into the anodic chamber.  Ionac MC-3470 proton-exchange 
membrane (Sybron Chemicals Inc.) was positioned be-
tween anodic and cathodic chambers. Anode and cathode 
consisted of  a graphite rod with carbon felt attached to it. 
The carbon felts had dimensions of  100 × 80 × 10 mm. In 
experiments on bioelectrolysis, cathode was modified — a 
4 × 7 cm stainless steel plate was inserted inside the carbon 
felt. Inlets and outlets were added in each chamber to sup-
ply solutions and withdraw gases produced in experiments. 
During bioelectrolysis gases were collected and their vol-
ume and composition was checked after each batch cycle.
It was demonstrated that simultaneous production of  hy-
drogen and methane in a microbial electrolysis cell can be 
obtained using adapted bottom sludge and under applied 
voltage of  500–800 mV. Production of  maximum 0.115 
m3/m3d of  hydrogen was observed. Simultaneous methane 
production of  0.66 m3/m3d in anodic chamber is observed 
due to methanogenic activity of  microorganisms. 
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Laccases are a third group of  extracellular oxidoreductases 
whose exploitation has been quite neglected until few years 
ago despite the fact that they are quite abundant in nature, 
particularly in fungi (Navarra et al., 2010). Laccases are ide-
ally “green” catalysts, as they occur naturally, use air and 
produce water as a by-product during oxidation of  broad 
spectrum of  substrate molecules to corresponding reactive 
radicals. Synthetic exploitation of  laccases can follow two 
different strategies: the direct oxidation of  the substrates 
or the oxidation of  mediator molecules that then oxidize 
the other target substrates (Mikolasch et al., 2009). Of  the 
multi-copper oxidases, the fungal laccases court consider-
able industrial interest. Their ability to oxidize organic mol-
ecules, especially in the presence of  mediators, makes them 
attractive enzymes. But even today few data are available 
on preparative scale laccase-catalyzed oxidation of  differ-
ent compounds. Most reactions involve the modification 
of  natural compounds, as for example, the synthesis of  an-
tibiotics (actinocine, penicillin G), stilbene derivatives (res-
veratrol), or steroid compounds (Polak et al., 2007).
In our group, fungal laccase and fungal biomass of  the 
strains with a well-known ability to secrete laccase were 
used for biotransformation of  specific precursors to dyes. 
These precursors are commercially available chemicals and 
can be oxidized into coloured compounds (Forte et al., 
2010; Polak & Jarosz-Wilkołazka, 2010). Obtained dyes 
displayed low toxicity and good dyeing properties of  wool 
fibres. From the dyes and additives used to dye fibres, to 
production processes and polluted wastewater, the colour 
industry can have a significant impact on the health of  cus-
tomers, as well as on the environment.
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Succinic acid is valued as one of  the famous industrial 
building block compounds and has drawn worldwide 
concerns for its applications in biodegradable polymers, 
foods, fine chemicals, and pharmaceuticals. Traditional 
petrochemical production of  succinic acid requires high 
pressure, high temperature, and costly catalysts. Therefore, 
much attention has recently been paid to the microbial con-
version. The economic feasibility of  microbial production 
of  succinic acid depends on the efficiency of  the process 
and the final concentration of  the product. Kinetic stud-
ies have shown that both product and substrate inhibition 
could limit the performance of  fermentative production of  
succinic acid in a batch process.
In present study we used a fed-batch process to control 
substrate concentration in the rector. Actinobacillus succino-
genes ATCC130N was used for succinic acid fermenta-
tion. The culture medium contained (in g/dm3) 50, yeast 
extract 15, K2HPO4  2, NaH2PO4∙H2O 1, CaCl2∙H2O 0.2 
and MgCl2∙H2O 0.2. Biomass was quantified in terms of  
dry weight; the samples were centrifuged at 10 000 rpm for 
15 min, after which they were washed twice with distilled 
water and dried to a constant weight at 80oC for 24 h. The 
concentration of  glucose and succinic acid was measured 
by liquid chromatography.
A several culture with different constant flow rate and initial 
glucose concentration were performed. The concentration 
of  succinic acid obtained in fermentation broth reached 20 
g/dm3. The product yield coefficient was 0.7 g/g.
A simple unstructured model has been developed to quan-
tify the growth of  bacteria. The model take into account 
both substrate and product inhibition. A program to es-
timate the parameters of   the model was developed using 
MATHLAB package. The calculation has shown that in 
analyzed fed-batch culture no product inhibition was ob-
served.
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For thousands of  years, mushrooms have been valued as 
edible and medicinal resources. It has been reported that 
mushrooms polysaccharides have antitumor, immunomod-
ulating and strong antioxidant properties. Currently this 
mushroom-derived substances are used as dietary supple-
ments or drugs [1-2]. Additionally fungal polysaccharides 
have been regarded as an important class of  anticoagulant, 
antiviral, antiproliferative and antprotozoic activities. Most 
abundant mushroom polysaccharides are chitin, other 
hemicelluloses, mannans, xylans, galactans and the most in-
teresting functional substances α- and β-glucans. These ex-
tracellular high molecular weight polysaccharides are neu-
tral and water soluble and often named after their biological 
sources for example lentinan (Lenitnan edodes), scleroglucan 
(Sclerotium sp.) or schizophyllan (Schizophyllum sp.). Polysac-
charides have attracted attention of  biotechnology when 
find application in the food, pharmaceutical, plastics and 
oil industries. They can act for example as hydrogels, drug, 
fibers, emulsifiers or flavor delivering agents [3].
The aim of  this research was to search of  new exopolisac-
charides (EPS) in different mushrooms species and a pre-
liminary characterization of  selected fungal strains. A total 
of  85 mushrooms strains were screened for production of  
extracellular polysaccharides (EPS) by plate tests with ani-
line blue dye. Fifty eight EPS-positive strains were identi-
fied and preliminary described.
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Currently, biotransformations are important processes in 
pharmaceutical and chemical industries. Evidence of  their 
significance is provided by the growing tendency to replace 
classical chemical manufacturing technologies by purely 
biotechnological processes or chemical operations coupled 
with biotransformations that are named chemo-enzymatic 
processes. Applications of  biocatalysis are becoming fully 
competitive compared to chemical catalysis and constitute 
one of  fundamental elements of  “green chemistry”.
The main objective of  project “Biotransformation for 
pharmaceutical and cosmetics industry” is the development 
and offering to industry some novel methods of  natural 
and biologically active compounds production. The general 
goal consists in greater application of  scientific achieve-
ments within BIO sciences in manufacturing processes.
One of  goals of  task 7 of  this project which is realized by 
researchers from the Institute of  Technical Biochemistry 
TUL consists in the development of  a method of  prepara-
tive scale production of  immobilized preparations of Mucor 
enzymes: lipase and chitosanolytic enzymes. 
Sadly, the potential of  lipase and chitosanase has been only 
partially exploited, mainly because of  high costs of  lipase 
and chitosnase preparations caused by their purification. 
New and inexpensive lipolytic and chitosanolytic prepara-
tions with excellent catalytic properties under technological 
conditions, high stability, catalytic efficiency, and molecular 
and kinetic characteristics, have been still prospected for. 
The cheapest biocatalysts were found to be whole-cell bio-
catalysts.
Immobilized preparations of Mucor enzymes have a form 
of  dehydrated mycelium of  fungal strains encrusting po-
rous carriers. They will be used in the next part of  this 
project to develop two different processes of  continuous 
bioconversion. In the first of  them, chitosan will be con-
verted to chitooligosaccharides with predicted molecular 
mass and degree of  deacetylation, and D-glucosamine. In 
the second process, natural, plant and microbial lipids and 
C2-C18 aliphatic alcohols will be converted to pure esters 
of  higher fatty acids. The close cooperation of  specialists 
in biotechnology, cosmetology and dermatology will result 
in application of  these products in cosmetic industry.
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1,3-propanediol (1,3-PD) is one of  the oldest product of  
glycerol fermentation. It was identified by August Freund 
in 1881. 1,3-PD  is very interesting raw materials for chemi-
cal industries due to its wide use in different fields, e.g. it is a 
valuable chemical intermediate applied in organic synthesis. 
It is also used as a monomer for the production of  bio-
degradable polymers (polyesters, polyether, polyurethanes, 
etc.), cosmetics, lubricants, medicines, and as an intermedi-
ate for the synthesis of  heterocyclic compounds.
Recently, an increasing interest in 1,3-PD production by 
Clostridium spp. is observed. In this group of  microorgan-
isms such strains as C. diolis, C. acetobutylicum, C. butylicum, C. 
perfingens, C. butyricum or C. pasteurianum are used most often.
In this work an isolation and screening of  microorganisms 
which are able to ferment glycerol into 1,3-PD were done. 
During 2010 year and in the first quarter of  2011, 3 827 
Clostridium strains were isolated. Among them nearly 60 % 
were able to 1,3-PD biosynthesis. Bacteria strains were cul-
tivated on the media consisted 20, 50, 70, and 100 g/L of  
glycerol. The maximum efficiency of  1,3-PD biosynthesis 
was obtain on the medium with 70 g/L of  glycerol (44 g/L 
of  1,3-PD). The best isolation sources were: biogas works, 
bottom sediments, composts, soils, and excrements of  do-
mestic and wild animals. 40% of  all strains were obtained 
from excrements of  domestic and wild animals. More than 
70% of  these strains were able to 1,3-PD product. The 
majority of  the microorganisms were obtained from the 
media with 50 g/L of  glycerol -1 745, but only 905 were 
able to 1,3-PD product. The best 1,3-PD producers were 
identified by the rRNA technique as  Clostridium bifermentans 
and Clostridium butyricum..
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The lipase synthesized by the Antarctic filamentous fungi 
Geomtces sp. P7 from the pure culture collection at the Insti-
tute of  Technical Biochemistry of  Technical University of  
Lodz is an unique enzyme according to its high thermosta-
bility and enantioselectivity. Characterization of  the puri-
fied enzyme proved its kinetic adaptation to low tempera-
ture. At the same time, the enzyme displayed the surprising 
capability of  renaturating.
The enzyme was used in three forms: dried mycelium by 
aceton extraction, purified native enzyme, and high purified 
recombinant enzyme. The last one was obtained through 
cDNA library, pyrosequencing of  Geomtces sp. P7 transcrip-
tome and expression of  chosen gene in Sachcaromyces cer-
evisiae BJ5465 system. The poster showing comparison of  
the lipase different forms properties and its application in 
transesterification of  secondary alcohols with vinyl acetate.
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Dextransucrase (EC 2.4.1.5) is a glucosyltransferase which 
is responsible for the synthesis of  a biopolymer known 
as dextran. It catalyses the transfer of  D-glucopyranosyl 
residues from sucrose to the main chain of  dextran which 
is α-(1,6) linked and is also responsible for branching of  
either α-(1,2), α-(1,3) or α-(1,4) type linkages depending 
upon the type of  strain. Due to biodiversity, screening of  
a large number of  dextransucrase producing species is an 
important step in selecting a highly potent culture capable 
of  producing different types of  dextran for different com-
mercial usage. Extracellular dextransucrases from Leuconos-
toc mesenteroides are most extensively studied and relatively 
very limited data is available on cell-bound and intracellular 
dextransucrase. L. mesenteroides AA1 is reported to produce 
an extracellular dextransucrase which catalyses the synthe-
sis of  a water soluble dextran with only α-(1,6) linkage.
Current study deals with the purification and characteriza-
tion of  an intracellular dextransucrase from a previously 
isolated stain of  Leuconostoc mesenteroides AA1. In the course 
of  investigation, the intracellular dextransucrase was ex-
tracted from the cytoplasm of  the cells of  L. mesenteroides 
AA1 and was purified to homogeneity for further charac-
terization. The kinetic constants, molecular weight and the 
N-terminal sequence analysis of  the intracellular dextran-
sucrase of  L. mesenteroides AA1 reveal variation with the 
previously reported extracellular dextransucrase produced 
from the same strain. When sucrose was used as a substrate 
the Vmax and Km values were found to be 130.8 DSU/ml/
hr and 221.3 mM, respectively. This intracellular dextran-
sucrase exhibited an optimum catalytic activity at 35°C in 
0.15 M citrate phosphate buffer (pH 5.5) in 05 minutes and 
the molecular mass of  the purified intracellular dextran-
sucrase was found to be approximately 220 kDa on SDS/
PAGE. The initial N-terminal sequencing of  this intrac-
ellular dextransucrase revealed the following sequence:  
GLPGYFGVN and no homology with the previously re-
ported sequences were observed.  
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Recently, the preparation of  enantiomerically enriched 
compounds has become a major research area especially in 
pharmaceutical and fine-chemical industry. Development 
of  an effective, cheap and environmentally friendly meth-
ods of  producing the enantiopure substances has therefore 
presented a significant challenge. The high interest in pro-
ducing optically active products is mainly due to different 
pharmacological activities displayed by the enantiomeric 
pairs. Usually, one of  the enantiomers is bioactive and the 
others may be inactive or toxic. The single enantiomers of  
mandelic acid and their derivatives are valuable intermedi-
ate products for producing pharmaceuticals such as semi-
synthetic antibiotics, antidepressants, anti-tumour and 
anti-obesity agents. Many approaches of  production of  
mandelic acid enantiomers have been proposed, although 
without satisfactory results. Among the many methods used 
for preparation of  the enantiopure substances, the kinetic 
resolution of  the racemic compounds has gained much at-
tention. This technique is based on the principle that two 
enantiomers react at variable rates in the presence of  chiral 
catalyst like an enzyme and is especially useful when is in-
tegrated with separation of  produced enantiopure product 
from the reaction mixture. In our work the efficiency of  
enzyme catalyzed kinetic resolution of  mandelic acid enan-
tiomers in a two-phase membrane reactor has been studied 
experimentally. The separation of  the racemic mixture was 
carried out by hydrolysis of  O-acetylmandelic acid. The 
Burkholderia cepacia lipase (Amano PS) was used as catalysts 
and was entrapped in the pores of  asymmetric polyether-
sulfone ultrafiltration flat-sheet membrane. Membrane was 
not only a reaction place but also helped in the separation 
of  the product from the substrate on the basis of  their sol-
ubility. In one cell of  the reactor there was isopropyl ether 
in which O-acetylmandelic acid was dissolved. The second 
cell contained water into which the hydrolysis products 
((R)-mandelic acid and acetic acid) selectively pass during 
the course of  reaction. The results of  experiments show 
that in studied membrane reactor enantiomers could be 
separated with high effectiveness in a single step. Burkholde-
ria cepacia lipase exhibits high enantioselectivity in favour of  
(S)-O-acetylmandelic acid hydrolysis whilst application of  
two-separated-phase membrane reactor enables selective 
removal of  products that cause inhibition of  the reaction.
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α-Naphthoflavone (αNF) and β-naphthoflavone (βNF) are 
synthetic flavonoid compounds often used in studies of  
Cytochrome P450 System Enzymes. βNF is a potent in-
ductor of  the CYP1A family, which is responsible for poly-
cyclic hydrocarbons metabolism, while αNF is an inhibi-
tor of  those enzymes  [1]. αNF is also capable to stimulate 
CYP3A4, which takes part in metabolic transformations 
of  most drugs in human [2]. Both compounds have been 
subjected of  metabolic studies in rat liver microsomes and 
cytochrome P-450 fractions and were transformed into hy-
droxy derivatives [3, 4]. To our best knowledge, there is no 
information about αNF and βNF microbial transformation 
products. 20 fungal strains were used in screening test in 
order to find strains capable to transform naphthoflavones. 
3 of  them: Verticillium sp., Aspergillus glaucus, and Aspergillus 
niger were able to transform αNF and βNF. Fungi were cul-
tured in Sabouraud broth at room temperature. Substrates 
were added after 3-5 days of  cultivation. Process was con-
trolled by pH measurements and by product analysis using 
HPLC and TLC. Biotransformation products were extract-
ed and purified by column chromatography on silica gel. 
Their structures were confirmed by NMR and HR-ESI-MS 
spectroscopy. Biotransformations yielded hydroxy deriva-
tives, however, none of  those compounds were observed 
in rat metabolic studies. 
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The potential of  industrial biotechnology lies in its ability 
to replace classical chemical production process. The use 
of  biotechnological processes is attractive for production 
of  bulk and fine chemicals since they often use renewable 
resources as raw materials thereby contributing to the high-
ly topical issue of  sustainability of  products and processes. 
One of  the major trends is production of  valuable chemi-
cals from renewable resources such as carbohydrates. In 
particular, the fermentative production of  2,3-butanediol 
by Bacillus strains appears to be a promising bioconversion 
process, due to its fermentative capabilities and non-path-
ogenicity.The preliminary selection of  2,3-butanediol pro-
ducers among more than 10 bacterial strains was based on 
Voges-Proskauer plate test enabling detection of  produc-
ers of  acetoin which is a direct 2,3-butanediol precursor. 
The test revealed that the strain Bacillus licheniformis TUL 
could be a promising producer of  this alcohol. To prove 
that the strain was cultured in liquid media that contained 
either glucose or hydrolyzates of  selected food industry by-
products as carbon sources. The effects of  culture medium 
composition and initial sugar concentration on the yield of  
2,3-butanediol production were evaluated. The optimum 
temperature and agitation rate of  this process were also 
determined.
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Sugar beet pulp and apple pomace consist mainly of  
polysaccharides such as cellulose, hemicelluloses and pectin 
and therefore their hydrolysis yields mixtures of  hexoses, 
pentoses and uronic acids that can be used as principal car-
bon sources in culture media for fermentation processes. 
Saccharification of  both these raw materials requires con-
certed action of  specific depolymerases and therefore ap-
plication of  multienzyme preparations provides the highest 
process dynamics. One of  efficient biocatalysts capable of  
saccharifying both sugar beet pulp and apple pomace is a 
multienzyme preparation obtained through cultivation of  
Aspergillus niger IBT 90 in media containing, among others, 
these by-products from food processing. This preparation 
displays activities of  cellulases, xylanases, pectinases, amy-
lases and invertase so apart from the listed above polymers 
it also hydrolyses the residues of  sucrose. Resulting enzy-
matic hydrolysates of  thermally pretreated sugar beet pulp 
and apple pomace contain around 30% glucose among to-
tal reducing sugars. The first hydrolysates are rich in ara-
binose and D-galacturonic acid while hydrolysates of  ap-
ple pomace are rich in fructose. Because of  advantageous 
chemical composition and low concentrations of  fermen-
tation inhibitors like furfural, 5-HMF and phenolic acids 
these enzymatic hydrolysates have been successfully used 
in synthesis of  2,3-butanediol by selected bacterial strains, 
e.g. Bacillus subtilis. The insoluble residues from enzymatic 
saccharification of  the two raw materials have been found 
to promote synthesis of  cellulases, xylanases and pectinases 
by a fungus Phanerochaete chrysosporium which does not re-
quire their enrichment with additional C and N sources for 
its growth.
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In recent years, a growing interest in biotechnological pro-
duction of  2,3-butanediol caused by its numerous applica-
tions has been observed. The alcohol is used in production 
of  food, pharmaceuticals, synthetic rubber, solvents, and 
plasticizers, and is also added to high-quality fuels. Cur-
rently, 2,3-butanediol has been produced in industrial scale 
mainly by chemical methods. Because of  dwindling natural 
resources of  hydrocarbons and environmental pollution 
caused by their usage, a particularly interesting alternative 
to chemical processes is the microbiological production of  
2,3-butanediol based on waste products such as agroin-
dustrial residues. The highest yields of  2,3-butanediol bio-
synthesis have been hitherto achieved by using strains of  
K. oxytoca and K. pneumoniae, grouped into Class 2 of  micro-
organisms. Other microorganisms are known to produce 
lesser amounts of  this compound. For this reason, one of  
objectives of  this study was to obtain genetically modified 
strains of  bacteria belonging to Class 1 which can efficient-
ly produce 2,3-butanediol from plant biomass hydrolysates.
In the study conducted at ITB TUL, efficient producers of  
2,3-butanediol, mainly Bacillus strains, were selected using 
Voges-Proskauer plate test. One of  them was Bacillus subtilis 
TUL 322 which synthesized this alcohol in media contain-
ing the following carbon sources: pure glucose or sucrose, 
molasses, or enzymatic hydrolysates of  apple pomace, po-
tato pulp, dried or frozen sugar beet pulp.
To increase the efficiency of  2,3-butanediol synthesis this 
wild strain of   B. subtilis was subjected to improvement by 
genetic engineering methods. For this purpose, a gene en-
coding hemoglobin from Vitreoscilla stercoraria LMG 7756 
was cloned into bacterial expression vector pHT01 (Mo-
BiTec) and the resulting recombinant vector (pHT01/hem) 
was inserted by electroporation into cells of  TUL 322 
strain.
To study the effect of  the hemoglobin gene expression on 
the biosynthesis of  2,3-butanediol the cultures of  wild and 
recombinant strains were carried out in medium contain-
ing 2% bactopeptone, 1% yeast extract, 0.03% MgSO4, 
0.68% Na2HPO4× 6H2O, 0.26% K2SO4 and 4% sucrose 
(in molasses-containing medium) or 4% glucose (in media 
supplemented with the aforementioned hydrolysates). Dur-
ing the 96-h culture of  both strains the basic parameters of  
the process were controlled (changes in pH and biomass 
growth) and the concentration of  2,3-butanediol in the su-
pernatants of  culture broth was monitored.
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In recent years ionic liquids (ILs) gain growing attention. 
They are ionic compounds consisting of  big organic cati-
ons and inorganic or organic anions with desired melting 
points lower than 100°C. Existence of  enormous range 
of  cation–anion combinations, gives  broad possibilities 
for modification of  IL’s structure resulting in their diverse 
chemical and physical properties. Ionic liquids are widely 
used as solvents in chemical synthesis or biotransforma-
tions, as well as in electrochemistry. Beside achiral ILs, 
their chiral analogues (CILs), became a subject of  inten-
sive study in recent years. Optically active ILs can act as 
catalysts for asymmetric induction or as supplements influ-
encing reaction stereoselectivity. They can also be used as 
chiral solvents in stereoselective polymerization, as a chiral 
phase for gas chromatography or as chiral shift reagents 
in NMR. They were also applied in production of  chiral 
liquid crystals. Some ILs posses antibacterial or antifungal 
activities as well, giving hope for future development of  
new disinfectants, preservatives or highly active biocides.
It was found, that quaternized nitrogen heterocycle in ILs 
gives usually lower melting compounds than those contain-
ing aliphatic ammonium ion, so imidazolium or pyridinium 
cations are mostly used in ILs. A few achiral ILs containing 
quaternized triazole ring in the molecule are also described. 
Because the geometry and coordinating properties of  
1,2,4-triazoles are similar to that of  imidazoles, one can ex-
pect they can provide interesting and valuable ionic liquids. 
Besides, the presence of  1,2,4-triazole ring in a molecule 
often creates interesting pharmacological activity. Many 
1,2,4-triazole derivatives exhibit antibacterial, antifungal, 
anticancer, antituberculosis, analgesic or anti-inflammatory 
properties. This prompted us to synthesize a few new opti-
cally active 1,2,4-triazolium based ionic liquids.
The oxirane ring of  cyclohexene oxide was opened with 
1,2,4-triazole, yielding racemic mixture of  (1R,2R)- and 
(1S,2S)-2-(1H-1,2,4-triazol-1-yl)cyclohexanol. Kinetic 
resolu tion of  the racemate by means of  lipase catalyzed 
transesterification with vinyl acetate followed by alkylation 
of  the triazole ring resulted in the formation of  appropri-
ate optically active salts. Determination of  the absolute 
configuration of  the newly created chiral center in unre-
acted intermediate triazole alcohol was accomplished by 
the method based on double derivatization described by 
Mosher.
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The release of  heavy metals to the environment  is still 
excessive and gives a serious cause for concern because of  
their longstanding persistence in soil and toxic effect on 
ecosystems. Upper Silesia region has been recognized as 
the one of  the most polluted area in Europe. However, 
many microorganisms have adapted to these harsh condi-
tions and at the present knowledge they are considered to 
be the best indicators of  changes in the environment.
Highly toxic element — cadmium — exceeds its concen-
tration in this area, mainly due to the anthropogenic activ-
ity, where metal resistant bacteria may reach 90% of  total 
population.
Cupriavidus metallidurans CH34, a model example in this 
field, is resistant to more than twenty of  different ions at 
millimolar concentration. Sequence of  its chromosome 
and two megaplasmids shows the presence of  several oper-
ons, empowering the ability of  this bacteria to survive in a 
harsh habitat.
The aim of  this study was the isolation of  heavy metal 
resistant bacteria and determination, whether  cadmium 
resistance is encoded on additional genetic elements, such 
as plasmids. Two isolates, identified through 16S rDNA se-
quence as Streptomyces sp. and Arthrobacter sp., demonstrated 
the resistance to 10 mM of  Cd, as well as  to other met-
als like Zn, Cu and Ni. Alkaline lysis method was used to 
show  the presence of  plasmids in these strains.  Plasmid’s 
elimination with different chemical and physical agents 
as temperature, novobiocyne and ethidium bromide, lead 
to sensitivity of  these strains to cadmium, indicating that 
operons responsible for this resistance are present on these 
additional genetic elements.
In further studies, PCR method was used for detection 
of  the well known from the literature operons encoding 
systems providing cadmium resistance like ATP depend-
ent CadA and working through chemiosmotic gradient Czc 
complex — both present in Cupriavidus metallidurans CH34. 
CzcD gene, part of  czc, was successfully identified on 
chromosome in Arthrobacter sp.
Intensive studies on mechanisms of  heavy metal resistance 
are important and have a great impact on future construc-
tion of  bacterial strains effective in bioremediation of  con-
taminated soil, biosensors for monitoring the concentra-
tion of  heavy metals or in supporting fitoremediation.
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In recent years, a growing interest in biotechnological pro-
duction of  2,3-butanediol caused by its numerous applica-
tions has been observed. The alcohol is used in production 
of  food, pharmaceuticals, synthetic rubber, solvents, and 
plasticizers, and is also added to high-quality fuels. Cur-
rently, 2,3-butanediol has been produced in industrial scale 
mainly by chemical methods. Because of  dwindling natural 
resources of  hydrocarbons and environmental pollution 
caused by their usage, a particularly interesting alternative 
to chemical processes is the microbiological production of  
2,3-butanediol based on waste products such as agroin-
dustrial residues. The highest yields of  2,3-butanediol bio-
synthesis have been hitherto achieved by using strains of  
K. oxytoca and K. pneumoniae, grouped into Class 2 of  micro-
organisms. Other microorganisms are known to produce 
lesser amounts of  this compound. For this reason, one of  
objectives of  this study was to obtain genetically modified 
strains of  bacteria belonging to Class 1 which can efficient-
ly produce 2,3-butanediol from plant biomass hydrolysates.
In the study conducted at ITB TUL, efficient producers of  
2,3-butanediol, mainly Bacillus strains, were selected using 
Voges-Proskauer plate test. One of  them was Bacillus subtilis 
TUL 322 which synthesized this alcohol in media contain-
ing the following carbon sources: pure glucose or sucrose, 
molasses, or enzymatic hydrolysates of  apple pomace, po-
tato pulp, dried or frozen sugar beet pulp.
To increase the efficiency of  2,3-butanediol synthesis this 
wild strain of   B. subtilis was subjected to improvement by 
genetic engineering methods. For this purpose, a gene en-
coding hemoglobin from Vitreoscilla stercoraria LMG 7756 
was cloned into bacterial expression vector pHT01 (Mo-
BiTec) and the resulting recombinant vector (pHT01/hem) 
was inserted by electroporation into cells of  TUL 322 
strain.
To study the effect of  the hemoglobin gene expression on 
the biosynthesis of  2,3-butanediol the cultures of  wild and 
recombinant strains were carried out in medium contain-
ing 2% bactopeptone, 1% yeast extract, 0.03% MgSO4, 
0.68% Na2HPO4× 6H2O, 0.26% K2SO4 and 4% sucrose 
(in molasses-containing medium) or 4% glucose (in media 
supplemented with the aforementioned hydrolysates). Dur-
ing the 96-h culture of  both strains the basic parameters of  
the process were controlled (changes in pH and biomass 
growth) and the concentration of  2,3-butanediol in the su-
pernatants of  culture broth was monitored.
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Mutagenesis combined with an appropriate selection pro-
cedure is a valuable tool used to obtain microorganisms 
with desirable physiological properties, e.g. resistance to 
high concentration of  toxic metabolites. Microbiological 
production of  1,3-propanediol from glycerol by Clostridium 
strains is a process limited by accumulation of  organic ac-
ids, as well as by high concentration of  both the substrate 
and the product. The 1,3-propanediol and glycerol inhibi-
tion effect is thought to result from suppression of  the 
transmembrane pH gradient, due to presence of  alcohol. 
By using high levels of  glycerol and 1,3-propanediol as the 
selection agents after mutagenesis, it is possible to obtain 
strains able to withstand the alcohol stress during fermenta-
tion. The aim of  this study was to obtain Clostridium strains 
with increased tolerance to high concentrations of  the sub-
strate and the product. Chemical mutagenesis by alkylating 
agent EMS (ethyl-methyl sulfonate) was used in this study. 
Subsequently two selection methods were employed: high 
concentration of  glycerol (190 g/l) and high concentration 
of  1,3-propanediol (120 g/l). As a result of  this procedure, 
41 mutant strains were obtained from the parental strain. 
The metabolic profiles of  the mutants vs parental strain 
were verified during 7-days fermentation. The production 
medium contained glycerol as a carbon source at a con-
centration of  50 g/L. The fermentation was carried out 
without pH regulation. The mutant 027 produced 7.97 g/L 
of  1,3-PD, which constitutes a 50% better result than the 
one by the parental strain. In general, application of  high 
1,3-PD concentration as the selection agent, allowed ob-
taining mutants characterized by higher yield (1,3-PD from 
glycerol). When high glycerol concentration was used as the 
selection agent, the obtained mutants were characterized by 
better consumption of  glycerol.
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With the instability of  crude oil prices, the necessity of  
becoming independent from countries possessing this re-
source and environmental concerns the interest in alterna-
tive energy sources is increasing. Biofuels, including biodie-
sel, are one of  the examples.
Crude glycerin fraction is a by-product of  biodiesel pro-
duction. Being a waste difficult to utilize through tradi-
tional means it has already found its use as a medium for 
feed yeast growth, supplement in Propionibacterium cultures 
and a substrate in erythritol, succinic acid and ethanol pro-
duction. The use of  waste glycerin fraction (bioglycerol) 
in the production of  compounds potentially attractive to 
the chemical industry presents itself  as its another interest-
ing application. 1,3-propanediol is an organic compound 
of  the diol class that has been employed in the production 
of  composites, adhesives and laminates, it can also be used 
as solvent.
The aim of  this work was to isolate bacteria capable of  
producing 1,3-propanediol from glycerol and to find opti-
mal conditions for high efficiency of  this microbial proc-
ess. Bacteria isolated in the first step were all of  Clostridium 
genus. Fermentation experiments were conducted with se-
lected bacteria that showed highest yield of  glycerol con-
version to 1,3-propanediol.
In order to find the optimal fermentation conditions, firstly, 
the medium was chosen in a series of  experiments and mi-
croorganisms with the highest potential were selected from 
isolated strains. Next, batch fermentations were carried in 
5l bioreactors which led to obtaining 65–70 g/l 1,3-pro-
panediol. These fermentations were used as reference for 
other setups, among others, a fed-batch fermentation that 
led to the highest achieved 1,3-propanediol concentration 
of  80 g/l obtained from 138 g/l glycerol. On the basis of  
collected experimental data, kinetics of  fermentation and 
mass balance were determined, productivity of  the proc-
ess and the conversion yield of  glycerol to 1,3-propanediol 
conversion yield were calculated.
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Benzimidazole and benzothiazole derivatives  demonstrat-
ed the potential for a broad spectrum of  therapeutic and 
agricultural applications and they are known to exhibit wide 
range of  the activity — as antiviral, antibacterial, anticancer 
and antifungal agents. 1-(2-Benzoazolilotio)propan-2-ols 
are important building blocks for the synthesis of  biologi-
cally active compounds. Among the optically active sub-
stances of  great importance is application to the synthesis 
of  the proper enantiomer.  The optically active (R)- and 
(S)-1-(2-benzimidazolilotio)propan-2-ols and 1-(2-ben-
zothiazolilotio)propan-2-ols were prepared by lipase — 
catalyzed transestrification. The catalytic efficacy of  com-
mercially available lipases in the kinetic resolution were 
investigated.  The conditions for the enzyme  catalyzed 
acetylation were optimized, like catalyst, solvent, acetylating 
agent, temperature and time of  process. The effect of  these 
factors  on the enantioselectivity  of  enzymatic resolution 
was evaluated by determination of  enantiomer excess  and 
reaction enantioselectivity.  The obtained enantioselectivi-
ties of  the reactions were from moderate to exelent. The 
absolute configuration of  the products were determined by 
the H-NMR,  applying modified Mosher’s method.
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Cold-adapted enzymes produced by psychrophilic micro-
organisms display the high catalytic efficiency at low tem-
perature and usually they are thermolabile. These prop-
erties cause that the application of  psychrozymes offers 
considerable potential to the biotechnology, i.a. because of  
the possibility to reduce energy input and to increase the 
stereoselectivity of  chemical reactions.
Within the scope of  this research we carried out the bioin-
formatic analysis of  the known and deposited in the NCBI 
database genomes of  psychrophilic bacteria from the ge-
nus Psychrobacter to find genes of  enzymes with potential 
industrial importance. As an objective of  further detailed 
studies we selected the aromatic amino acid aminotrans-
ferase (AroAT).
AroAT is an enzyme with the broad substrate specificity 
and plays a key role in tyrosine and phenylalanine biosyn-
thesis. This enzyme is applied mainly in the pharmaceuti-
cal industry in production of  natural amino acids and their 
analogues, for example L-homophenylalanine, and also chi-
ral intermediates to be used in production of  medicines, 
such as L-2-aminobutyric acid. In the food industry AroAT 
is used along with other enzymes in cheese-ripening proc-
esses.
Until now we isolated the aromatic amino acid aminotrans-
ferase gene (aroAT), using PCR techniques, from the 
Antarctic bacterial strain, Psychrobacter sp. B6 belonging to 
the pure cultures collection at the Institute of  Technical 
Biochemistry of  Technical University of  Lodz. Sequence 
of  this gene was determined (GenBank, Accession No. 
GQ253123) and it showed 87% identity with the sequence 
of  AroAT gene from P. cryohalolentis and P. arcticus. Analysis 
of  the amino acid sequence of  AroAT protein, deduced 
from the aroAT ORF, showed that it displayed character-
istics typical of  psychrozymes. The gene of  cold-adapted 
AroAT was cloned into an expression vector from the pET 
series and the recombinant protein with carboxy-terminal 
His-tag was successfully expressed in E. coli host. Cur-
rently, we have been working on developing a procedure 
for AroAT protein purification by affinity column chroma-
tography and investigating the activity of  the recombinant 
enzyme.
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β-Glycosidases catalyze the synthesis of  glycosides when 
a nucleophilic acceptor other than water is present in the 
reaction medium. We describe the enzymatic synthesis of  
anomerically pure alkyl glycosides in one step. In contrast, 
chemical synthesis of  anomerically pure glycosides is cir-
cuitous and expensive. Glycosidases exhibit absolute selec-
tivity with regard to the stereochemistry at the anomeric 
centre and show a high degree of  chemoselectivity for dif-
ferent hydroxyl groups of  primary, secondary alcohols and 
phenols [1]. β-Glycosidase from different sources has been 
used for an efficient synthesis of  2-deoxy-β-glycosides 
and for stereochemical studies of  the reactions of  glycals 
with acceptors which was alkyl alcohols and derivatives of  
carbohydrate [2, 3]. The synthesis of  2-deoxyglycosides is 
very important niche in the field of  carbohydrate chemis-
try. 2-Deoxy-β-glycosyl moieties are present in biologically 
active natural products such as compactin, olivimycin, mi-
thramycin, daunomycin, calicheamicin. The anomerically 
selective enzymatic synthesis of  2-deoxy-β-glycosides is a 
very interesting approach in contrast to multi-stage chemi-
cal synthesis requiring the use of  temporary groups equa-
torially disposed at C(2) which must be removed in later 
steps, often lowering reaction yields [4].
In this communication we report the novel method of  syn-
thesis 2-deoxy-β-D-galactosides using D-galactal with the 
β-galactosidase from Aspergillus oryzae with derivatives of  
benzyl alcohols as acceptors. These reactions, conducted 
with 5–9 molar excesses of  acceptor, gave good yields 
ranged from 30 up to 50% after  24–48 h of  reaction.
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Violaxanthin de-epoxidase (VDE) is located in the thyla-
koid lumen of  higher plants and green algae. It is one of  
two enzymes in xanthophylls cycle which protects the pho-
tosynthetic system of  plants against damage by excess light. 
VDE catalyzes the conversion of  the de-epoxide violaxan-
thin (V) in two steps to zeaxanthin (Z) with antheraxanthin 
(A) as intermediate. Traditionally, VDE is mainly isolated 
from plants material, but purification of  such extracts is 
very problematic. In the presented studies isolation and pu-
rification of  VDE from transgenic Escherichia coli strain C43 
have been developed. E. coli was transformed by the gene 
of  VDE from Arabidopsis thaliana tagged with 6×His. VDE 
gen effective expression was evidenced by SDS/PAGE 
electrophoresis. Purification of  VDE has been performed 
using Ni-NTA Affinity Resin. Analysis by SDS/PAGE in-
dicated presence of  VDE both in wash’s and elution’s frac-
tion. In elution fraction concentration of  VDE was low, 
but purity of  this sample was the highest. Activity of  puri-
fied enzyme was tested by HPLC-method. 
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Due to high dielectric permittivity, calcium titanate (chemi-
cal formula CaTiO3) has a wide range of  applications as a 
component of  capacitors, microwave technology, varistors, 
electro-chemical oxygen separators and  electrodes [1, 2] as 
well as one of  the basic components of  the materials for 
immobilization of  nuclear wastes, such as SYNROC [3]. 
CaTiO3 has been recently introduced [4] as a useful mate-
rial for biomedical applications.
Powder preparation and colloidal processing, are very im-
portant in ceramic technology. High quality ceramic prod-
ucts can be obtained by controlling rheological properties, 
particle packing and maximum solids loading of  a suspen-
sion. To obtain a dense homogeneous suspension with 
high fluidity and aggregation and dispersion behavior of  
particles have to be usually engineered using various poly-
mer dispersants.
In the present work, CaTiO3 was prepared through mech-
anochemical synthesis [5], starting from calcium oxide 
and titanium oxide in rutile form. Mixtures of  oxides 
were milled in air atmosphere in laboratory planetary ball 
mill (Activator 2S, Novosibirsk) with well-defined techni-
cal parameters. Poly(acrylic acid) (PAA) polymer modi-
fied poly(ethylene glycol) (PEG) was used as dispersant in 
preparation of  calcium titanate aqueous suspensions. The 
effects of  dispersant structure on particle stabilization were 
investigated through properties of  the suspensions. Viscos-
ity and sedimentation height measurements showed that 
addition of  the dispersants improved particle stabilization. 
A novel dispersants and CaTiO3 dispersion were charac-
terized using X-ray diffraction (XRD), Fourier transform 
infrared spectroscopy (FT-IR), pH determination and gel 
chromatography (GPC).
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Progress in processing of  materials, both at the powder 
synthesis and subsequent densification to solid component, 
is caused by increasing demands on the quality of  advanced 
materials, especially electroceramic materials. Barium titan-
ate (BaTiO3) is one of  the most used ferroelectric ceram-
ics in electronic devices due to its high dielectric constant, 
which makes it very attractive material to use in capacitors 
[1, 2].
Dielectric layers for multilayer ceramic capacitors are usual-
ly prepared by tape-coating of  well dispersed barium titan-
ate powder suspensions. The suspending media are prefer-
entially organic solvents [3, 4]. There is, however, a recent 
interest in developing aquaeous tape-casting, caused by the 
environmental needs of  reducing organic wastage and by 
industrial interest of  lowering production costs.
In the present work, BaTiO3 was prepared by mechano-
chemical synthesis. This method [5] is an alternative one 
to the known standard solid-state high-temperature, hydro-
thermal, sol-gel, precipitation techniques. The mechano-
chemical treatment of  reagents, barium oxide and titanium 
oxide in rutile form, was conducted in air using laboratory 
planetary mill (Activator 2S, Novosibirsk) with well-defined 
technical parameters. Poly(acrylic acid) (PAA) polymer 
modified poly(ethylene glycol) (PEG) was used as disper-
sant in preparation of  barium titanate aqueous suspensions. 
The effects of  dispersant structure on particle stabilization 
were investigated through properties of  the suspensions. 
Viscosity and sedimentation height measurements showed 
that addition of  the dispersants improved particle stabiliza-
tion. A novel dispersants and BaTiO3 dispersion were char-
acterized using X-ray diffraction (XRD), Fourier transform 
infrared spectroscopy (FT-IR), pH determination and gel 
chromatography (GPC).
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