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Scope 

Biological systems are inherently nano in scale. Nanobiology is at the interface of 

physical and biological sciences. It is a new discipline, with the potential of 

revolutionizing medicine: it combines the tools, ideas and materials of nanoscience 

and biology; it addresses to biological problems that can be studied and solved by 

nanotechnology; it thinks out ways to construct molecular devices using 

biomacromolecules; and it attempts to build molecular machines utilizing concepts 

seen in nature. 

Biology is increasingly asking quantitative questions. Quantification is essential if we 

are to understand how the cell works, and details of its regulation. The physical 

sciences provide tools and strategies to obtain accurate measurements and simulate 

the information to allow to comprehend the processes. The development of 

computational modeling and informatics software will enable scientists and engineers 

to apply nanotechnology to key areas of medical research, including diagnostics, 

biosensing, drug delivery and biomaterial design. The aim of this workshop is to set 

the discussion between biologists, physicists, computer scientists and engineers, 

traditionally divided groups, and bridge the gap between materials science and life 

science. 

Topics 

• Artificial Nanostructures 

• Self-organized Nanostructures 

• Nanocarbon 

• Energy Nanomaterials 

• Systems Biology 

• Synthetic Biology 

• Nanobionics 

• Nanodesign 
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• Regulatory and Signaling Networks 

• Noise in Biological Systems 

• Integrative Data and Text Mining Approaches 

• Signal Processing 

• Nanodiagnostics 

• Nanobiosensors 

• Nanobiotech Risks Assessment for Human Health and Environment 

• Nanobiotech Education and Industrial Innovation 

 5                                      
 



 6                                      
 



 

 

 

 

 

 

 

 

 

 

 

Keynote Lectures 

 7                                      
 



 8                                      
 



 
COMBINATORIAL SYNTHESIS OF PEPTIDE ARRAYS WITH A LASER PRINTER 
 
Frank Breitling, Ralf Bischoff, Volker Stadler 
 
DKFZ, Department Chip Based Peptide Arrays (f.breitling@dkfz.de). 
 
We develop a method for the combinatorial synthesis of peptide arrays employing a modified 

colour laser printer. In this approach the 20 different amino acids are immobilized in a “solid 
solvent”, with 20 different amino acid toners produced that way. A modified colour laser printer 
addresses these toner particles to defined areas on the solid support (Fig. 1A). Here the amino acids 

hich enables the activated amino acids to couple 
to the support (Fig. 1B). Repeated coupling 
cycles (according to Merrifield) with wash
(Fig. 1C) and deprotection steps (Fig. 1D) result
into the combinatorial synthesis of a peptide 
array. Our method should allow for a significant
improvement in the state of the art in this field
mainly due to the much better controllable 
evaporation of the solvent. 

 

are mobilised simply by heating up the particles, w

ing 
 

 
, 

 
Fig. 1. Combinatorial peptide synthesis with a colour
laser printer  
So far all 20 amino acid toners have been 
developed, that could be printed at 160.000 
spots per (20 x 20) cm2 onto a solid support 
followed by the downstream coupling reaction 
(Fig. 2).  

Fig. 2. Amino acid particles printed and coupled to 
derivatised glass. Newly introduced amino groups have 
been stained with bromophenole blue 
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We analysed our novel method of a melted “solid 
solvent” in terms of stability, racemisation and 
repetitive coupling yield, respectively, and found an 
equal or better performance when compared to standard 
Merrifield synthesis. We then used a modified colour 
laser printer (Fig. 3) to synthesise a relatively coarse 
“array” of 4 different peptides that were reacted with 
their corresponding peptide-specific antibodies (Fig. 4).  

Fig. 3. A: Fuser and 2 printing cartridges  
B: Mounting and linear drive 

 
Currently the melting behaviour of 

toner particles is optimised, which finally 
should allow for the synthesis of high 
complexity peptide arrays (160.000 peptides 
per (20 x 20) cm2) in the near future.  

These arrays could be used e.g. to 
screen for differential immune responses 
towards a pathogen linked to infectious 
disease or cancer. Approx. 100.000 peptides 
represent 1.000 – 2.000 bacterial genes as 
overlapping peptides, i.e. a whole 
“peptidome” could be assayed when stained 
with a patient’s blood serum. A correlation of 
the resulting staining patterns with disease 
might pinpoint the genes and immune 
responses involved in pathogenesis, 
respectively.  

 

 

Fig. 5. Selective adsorbtion of particles from aerosol o
a CMOS chip. Normal toner particles were selectively 
consecutively addressed to selected pixels of a CMOS 
chip. Pixel sizes are 30 – 100µm. 

                                       
 

Fig. 4. A: Master of synthesised peptide array, #2: HA-
epitope, #5: FLAG-epitope, #6: myc-epitope, #K: control 
peptide B: One layer of printed amino acid toners C: One
layer of coupled amino acids stained with bromophenole 
blue D: Overlayed antibody-antigen reactions, ECL 
reaction / red & green fluorescence  
In an alternative approach the electric 
fields generated by individual pixels of a 
CMOS chip were used to address (normal) 
toner particles to defined areas of < (100 x 
100) µm2 (Fig. 5). This approach should 
allow for even more peptides to be 
synthesised onto a small area.  

nto 
and 
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MOLECULAR DESIGN OF NANOSTRUCTURES FOR TARGETED DRUG DELIVERY 
 
K.V.Shaitan, Ye.V.Tourleigh, M.P.Kirpichnikov. 
 
Bioengineering Department, M.V. Lomonosov Moscow State University, Moscow 119992, 

Russia. 
 
Molecular dynamics (MD) approach employing an all-atom force field and special procedures 

was used to model and design nanocontainers for inclusion of biocompounds and delivery through 
lipid membrane. Carbon nanotubes may serve as non-immunogenic containers of biocompounds 
and vehicles delivery to the cell membrane. These two properties – inclusion and transportation – 
are interconnected and establish the main challenge in nanovehicle design. MD simulation of 
systems containing a carbon nanotube, water, a lipid bilayer, and a molecule to be delivered is a 
way to explore the problem. 

At the outset, dynamics of penetration of a carbon nanotube (13.5 Å in diameter, length 32 Å) 
through a model membrane (hydrated palmitoyloleoylphosphatidylcholine bilayer) under the action 
of an external force was studied. The nanotube was oriented along the normal to the membrane 
plane. The force was evenly applied to the nanotube’s atoms. Resultant pressure was about 
7·104 bar (for comparison, detonation pressure of TNT is much higher, namely 2·105 bar). Under 
such a pressure the nanotube penetrates the phospholipids bilayer for 200 ps (Fig. 1) and pops out of 
the bilayer two phospholipid molecules. The performed calculations enable estimation of 
correspondence of the time scales to the force impacts, which is important while setting up 
analogous AFM experiments. In this case, the external force corresponds to the pressure of a 
cantilever with a nanotube attached to its tip. 

 
Fig. 1. Carbon nanotube passing through a phospholipid bilayer. Phospholipid molecules 

being popped out are depicted in more details. 
 
Further studies concerned absorptive properties of the nanotube. The carbon nanotube 

revealed a potential for inclusion of rather small molecules such as polypeptides and cholesterol. 
Incorporation of the peptide was found to be a spontaneous process and considered as a model self-
assembly of a nanodevice, further referred to as a nanosyringe (Fig. 2). The nanosyringe based on a 
capped nanotube with a nanoagent capable of ejection of an active molecule (for instance, a 
peptide) out of the nanotube was modelled in the lipid membrane. 
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0 ps   50 ps   100 ps   150 ps 
Fig. 2. Subsequent stages of the self-assembly of the peptide-nanotube complex. 
  
Release of the peptide was performed by expulsing it in various media, including the lipid 

membrane (Fig. 3). A set of swelling model spheres emulated the releasing compound (it is 
supposed that some external signal such as light is needed for the activation of release). For this 
purpose a modified variant of steered molecular dynamics (SMD) was developed. The 
conformational state of the peptide was studied in view of chemical stability of the substance under 
the shock action. The initial helical conformation deformed most greatly at ejection of the 
polypeptide into vacuum and least of all – into the membrane. Apparently, the environment plays a 
deforming and structure-forming role in this process. Conformational changes of the polypetide 
molecule are reduced with a decrease of the swelling rate. 

 
               13 ps    26 ps    50 ps 
Fig. 3. Subsequent stages of the ejection of the peptide into the membrane. 
 
In principle, styling the nanotube (by adding functional groups or ligands) one may achieve 

the selectivity of the nanotube's landing area on the cellular membrane and implement it in drug 
delivery systems construction. 

The work was supported by RF Federal Agency on Science and Innovation, RF Federal 
Agency on Education, Russian Foundation for Basic Research (projects no. 04-04-49645, 06-04-
08136) and US CRDF (2803). 
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SYSTEMS BIOLOGY AND NANOBIOTECHNOLOGY 

 
J.Reinitz and M.Samsonova 
 
As was the case for physics over a century ago, biology is now entering an era in which significant 
advances in understanding the principles of organismal function will come  from a fruitful  
synthesis of theory and experiment, as well as  from interdisciplinary interaction with mathematics, 
chemistry,  engineering and computational sciences. The potential for interaction with 
nanotechnology is especially  significant.  It is sometimes said that biology is the only existing 
nanotechnology that really works. To exploit this natural technology for applied and engineering 
goals we  need to achieve  a quantitative and predictive understanding of how biological systems 
work. Systems biology provides the means to answer this fundamental question by investigating a 
biological system at multiple levels of detail, ranging from metabolic and genetic networks to cells 
and whole organisms.  It is a theoretical framework in which nanobiotechnology works. Using 
specific examples, including the  Drosophila segment determination system,   we  will  highlight 
recent scientific advances in understanding  the basic principles which control the behavior of 
biological systems.  
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PRESENT AND PROSPECT OF NANOBIOTECHNOLOGY 
 
P.Yakutseni and S.Kozyrev. 
 
Center for Advanced Studies at St. Petersburg State Polytechnic University, St. Petersburg, 

Russia. 
 

    Nanobiotechnology or bionanotechnology is a rapidly advancing emerging area of new starting 
points for biology, chemistry, engineering, physics, and medicine. It’s merging nanoscale interface 
between physics and biology that provide a new field of basic discoveries and lot of applications 
including nanobionics as lesson from animated nature, artificial modifications of living, 
multicomponent molecular structures for biosensors, bioelectronics and nanodevices, material 
science, computer design and novel medicine tools. Basic terms, principles, definitions and main 
driven forces of this most future-oriented and interdisciplinary technology were discussed. Prospect 
for new nanoroads were derived from next start points:  

• great biological molecules; 
• self-assembling and rearrangements at nano-scale; 
• novel nano-particles and clusters 
• numerical modelling of complex atomic-molecular systems; 

On several examples from our collaborative works demonstrated as connection of this points in the 
interdisciplinary manner lead us to new ideas and applications. 
   Conclusion argues for reducing the cost or research and shortens the development cycle with 
molecular modelling and well-directed nanodesign as controversy of intuitive trials and errors 
practice. High-lighted present applications, possible risks, fundamental questions and prospects 
connected with different nanobiothechnology areas. 
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METABOLIC PATHWAY PREDICTION 
 

R.Hofestadt 
 
Bielefeld University, Bioinformatics Department, P.O.-Box 10 01 31 D-33501, Bielefeld 

Germany 
 
More than 1000 database systems are available via the internet which represent molecular 

data. Therefore, experimental data and experimental results of fundamental metabolic processes like 
gene regulation, metabolic pathway control, signal pathway control and cell differentiation 
processes are available. Today most of these systems can be characterized by an exponential data 
growth process. However, for the analysis of complex metabolic networks only rudimentary data 
and knowledge is available. Therefore, we have to develop and implement special algorithms for 
the analysis and synthesis of complex metabolic networks.  
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THEORETICAL AND EXPERIMENTAL BASIS OF TISSUE ENGINEERING 
 
G.A.Savostyanov, A.V.Vorobyov, N.M.Grefner, Y.G.Magnitskaja. 
 
Sechenov Institute of Evolutionary Physiology and Biochemistry, Academy of Sciences 

Russia, Saint Petersburg Cytology Institute, Academy of Sciences Russia, Saint Petersburg. 
gensav@iephb.ru, http://members.tripod.com/~Gensav 
 
The theory of spatial organization of biological tissues was underdeveloped till recently. The 

methods of tissue study were not sufficient to elucidate the pathways of their changes during normal 
development and pathological deformation. Thus, it is still impossible to operate these processes. 

Overcoming these difficulties is possible in the context of Structural Histology, a new 
scientific school (Savostyanov, 2005). This school is a part of system biology. It is devoted to the 
idea that every tissue is a cellular grating, developed by the connections between the cells. 
According to this idea, the tissues have modular (or histione) structure. The histiones are the 
elementary morpho-functional units of tissue. They appear as a result of the separation of functions 
between the cells. The histiones are independent level of biological organization. The tissues are the 
polymerized histiones, and their structure could be expressed by the families of 1-, 2-, 3-D models, 
just like periodical coordination gratings. This property of the tissues is especially evident in the 
case of epitheliums. The families of tissue models are amenable to be computed. Their usage 
enables us to prognosticate the tissue development and its adaptive changes. Also, using the models 
during the experimental procedures allows to prognose and, then, find the variations of 
histoarchitecture, which were unknown before. This idea allowed us to reveal the new properties of 
the epithelial layers, the most important of those are anisotropy, translation symmetry, slice 
structure (the slices are the elementary blocks of histoarchitecture). Also, the new set of information 
features for characterization of the tissue structure was elaborated. As a result, the Structural 
Histology is a tool for prognostication; there is an ability to describe it briefly, with the help of few 
postulates. 

This theoretical part allowed us to elaborate the new method of study of 3-D tissue structure 
and cell sheets. The basis of the method is the following: a) computer simulation of 3-D tissue 
structure and composition of the database of their sections; b) experimental verification of the 
models, for this the sections of the models are compared with the real tissue sections. This method 
uses much less amount of the tissue sections and it is not necessary to accurately superpose them 
together. Thus, the resolving power of the 3-D reconstruction of the epithelial structure is increased 
radically and simultaneously facilitated.  

Now we have already the advantages of our method. A) The accuracy of the reconstruction of 
the real tissue 3-D structure is increased. B) It is easier to prognose adaptive tissue changes during 
the normal and pathological development. Also, suggested method has the prerequisites for 
engineering of new variations of histoarchitecture. It gives the scientific basis to create the tissues 
with the properties given in advance. In the future, the operation of the tissue development and 
regeneration is possible. Our new method will be also used to solve the problem of malignant 
growth controlled reversion. 
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COMPUTATIONAL RECOGNITION OF CIS-REGULATORY ELEMENTS 
 
Ivo Grosse 
 
Martin Luther University, Institute for Computer Science, Halle 
Leibniz Institute of Plant Genetics and Crop Plant Research, Gatersleben 
Bioinformatics Center Gatersleben-Halle, Germany 
 
Deciphering genomic sequences is a challenge of the 21st century, and one of our activities 

focuses on the computational recognition of cis-regulatory elements in eukaryotic genomes.  While 
tremendous progress has been made along these lines, existing algorithms are often prone to over-
fitting, and their accuracies are not yet satisfactory.  In an attempt to circumvent the over-fitting 
problem, we combine Variable Order Markov models with Bayesian networks, and we demonstrate 
how the resulting Variable Order Bayesian networks can be applied to the identification of 
eukaryotic cis-regulatory elements.   
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The Novel Morphology and Structure of [60]PCBM Crystal -One of the Most Successful 
Derivatives of Fullerene C60 

 
Ligui Li, Guanghao Lu, Jie Wang, Zhihui Lu, Jinxing Zhou, Xiaoniu Yang*, Enle Zhou. 
 
State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied 
Chemistry, Chinese Academy of Sciences, Changchun 130022, China 
Email:xnyang@ciac.jl.cn; TEL: +86-431-85262838; FAX: +86-431-85262028 
 

The novel single crystal of [60]PCBM with hexagonal morphology was obtained. The 
morphology and crystallographic structure of this widely used derivative of fullerene C60 was 
determined by using transmission electron microscopy (TEM) and selected-area electron diffraction 
(SAED). 

Nowadays, fullerenes and their derivatives have become one of the hottest scientific topics for 
their special properties [1-3]. Having so many prominent advantages, the application in 
biochemistry, pharmic chemistry, and iatrology seems very promising [4-5]. For instance, they have 
high potential to be applied in the development of anti-HIV virus medicament, enzyme inhibitor, 
incising DNA. 

But as far as now, the crystal structure of [60]PCBM, the most important derivative of 
fullerenes are still unknown. As well known, the microstructure of materials will certainly affect 
their properties, especially crystalline materials are referred. Thus, we focus on analyzing the crystal 
structure of [60]PCBM. 
 

  
 

The single crystal we obtained through solution assisting crystallization is showed as above, 
and it is different from that obtained via thermal annealing [6-8]. The inset is its corresponding 
SEAD pattern. The determination of exactly molecular stacking in the crystal is in progress. 

Acknowledgement: We thank “Hundreds of Talents Program” of CAS and National Basic 
Research Program of China (2005CB623800) for financial support. 
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BIONANOTECHNOLOGY PROJECT AT SIEMENS PSE 
 
Martin Polcik. 
 
ANF DATA (Siemens PSE). 
 
 
Siemens PSE has started several projects in life sciences in order to secure future benefits 

which are expected to be significant in this field in the future. The projects deal with bioinformatics, 
i.e. the application of computers in biology, and nanotechnology which is closely related to the 
former via on-chip integration of different devices such as biosensors, micro fuel cells etc. 

In this contribution the bionanotechnology activity in the field of liquid atomic force 
microscopy (AFM) will be presented. It is a result of a collaboration between Siemens PSE and the 
group of Prof. S. Jarvis from the Trinity College Dublin, Ireland that targeted biologically relevant 
applications of AFM. AFM is a powerful method that provides quantitative information about 
systems such as cells, membranes, DNA etc. in their natural environments – liquids (such as water 
or buffer solutions) and which can achieve molecular or even atomic resolution. A special method 
based on the thermal vibrations of the AFM cantilever to calibrate its sensitivity and stiffness has 
been developed. It enables the user to perform fast and non-contact calibration of the two 
parameters - this is important especially when functionalized tips are used for which the standard 
contact method cannot be applied. An example of a functionalized AFM tip is shown in Fig. 1, 
where a multi-wall carbon nanotube has been used to functionalize the tip.  

 
Fig. 1. Carbon nanotube functionalized AFM tip (M.Higgins et al., Biophys. J. 91 2532 

(2006)). 
 
The measurement using the functionalized tips have been carried out using the frequency 

modulation technique which provides quantitative information on the measured forces between the 
tip and the surface for arbitrary amplitude of the cantilever resonance vibrations (J. Sader et al., 
Appl. Phys. Lett. 84 1801 (2004)). 

The carbon nanotube functionalized tips and the frequency modulation technique have been 
used to study the interface between lipid membranes and water; the solvation structures have been 
investigated and quantitatively analyzed. The results as well as some possible applications will be 
presented. 

In the presentation, further Siemens PSE live science projects will be briefly introduced: 
RNA Workbench – prediction of RNA interference by which genes can be silenced; 
System biology – computer modelling of cell apoptosis; 
Chemoinformatics – search for similar pattern in proteins from human proteome and non-

peptidic drugs. 
Laboratory management for proteomics – system for automatized analysis of proteomic data 

from mass spectrometry and the opportunity for further collaborations will be discussed. 
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NEW FULLERENE DERIVATIVES FOR NANOBIOTECHNOLOGY 
 
I.A.Nuretdinov1,V.P.Gubskaya1, N.P.Konovalova2, R.A.Kotelnikova2, I.I.Faingold2, 

N.B.Melnikova3. 
 
A.E.Arbuzov Institute of Organic and Physical Chemistry, KazSC of RAS, Kazan, Russia, 

in@iopc.kcn.ru, 2IPCP RAS, Chernogolovka, Moskow reg.,3 N.Novgorod, N-Novgorod 
Med.Academy. 

 
Fullerenes are the interesting objects for search of new biologically active compounds and 

materials for nanotechnology. There are two basic aspects for аpplication of fullerene derivatives as 
biologically active compounds. 

The first- it is easy photoexcitation of fullerene core under action of light. Fullerene in triplet 
state easily reacts with molecular oxygen with formation singlet oxygen which causes destruction of 
cells. Photodynamic therapy used against cancer diseases. 

The second - biological activity of joined to fullerene core of fragments can be used. We 
proposed the conception of the synthesis of fullerene derivatives with pharmacophoric groups and 
obtained the large series of new methanofullerenes and pyrrolidinofullerenes. As pharmacophoric 
groups we used alkylated groups (bis-chloroethylamino-)1, antiradical groups (nitroxide)2, 
antioxydant group (the sterically hindered phenol)3 and etc.  

All the synthesized fullerene derivatives are characterized by various spectral methods (IR, 
UV, NMR 1H, 13C spectroscopy, mass-spectra and X-ray analysis). 

Research of biological activity of fulleropyrrolidines with fragments of sterically hindered 
phenol and an bis-chloroethylamine at their introduction in the form of complexes in 
polyvinylpyrrolidone on tests of a leukaemia and melanoma have shown, that they display small 
antitumor activity, that, probably, is caused by small solubility of these substances in water. 
Studying antileucemic activity of nitroxide methanofullerene has yielded interesting results. At 
injection of the nitroxyde methanofullerene in combination with anticancer drug cyclophosphamide 
the substantial increase of the average life span (ILS%) of experimental animals has been received. 

We study ability of fullerene derivatives to react with free radicals4. It is established, that 
pyrrolidinofullerenes more than in 100 times more reactivity than parent fullerene C60. 

With the purpose of search of new methods of use of fullerene derivatives in medicine we 
studied the film-forming properties of new methanofullerenes and pyrrolidinofullerenes5.  

It was shown that phosphorylated methanofullerene and fulleropyrrolidine and its mixtures 
with lecithin in a wide range of molar ratios can form stable monolayers Langmuir at the air-water 
interface. Mixed phosphorylated methanofullerene with lecithin thin films are able to produce self-
organising vesicles after aqueous solution treatment. The aggregation of vesicles into clusters under 
the influence of Cu2+ ions was found. 

For reception of water-soluble fullerene derivatives the reaction of polyvinylpyrrolidone with 
free amino group and fulleropyrrolidine with aldehyde group is studied. It is established, that in 
these conditions the water-soluble containing fullerene polymer is obtained. It is found, that this 
polymer interacted with plazmide DNA6. 

Authors are grateful for financial support of the RFBR (grants 05-03-32633, 06-03-08189), 
Academy of sciences of Tatarstan and also intimate gratitude to prof. R.G.Gasanov, V.I.Sokolov, 
I.Gulyaev, A.T.Gubaydullin, V.V.Yanikin, O.V.Nazarova and their collegues for teamwork on 
studying properties of the synthesized compounds, and also G.M.Fazleeva, L.Sh.Berezhnaya, 
K.N.Nodov, F.G.Sibgatullina for experiments on synthesis . 
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DIODE LASERS BASED ON SELF-ORGANIZED QUANTUM DOTS 
 
Alexey E.Zhukov and Victor M.Ustinov. 
 
Saint-Petersburg Physico-Technical Centre for Research and Education of the Russian 

Academy of Sciences, Khlopina 8(3), 195220, St. Petersburg, Russia. 
e-mail: zhukov@beam.ioffe.ru 
 
This work addresses issues associated with physics, technology, and prospective applications 

of diode lasers based on self-organized quantum dots (QDs). We review our recent results on 
epitaxial growth, studying the structural and optical properties of QDs, fabrication and 
characterization of edge- and surface-emitting diode lasers with special attention paid to the 
relationship between structural and electronic properties of QDs and laser characteristics. 
Performance of the state-of-the-art QD lasers is described.  

QD is the ultimate example of a size quantization which represents a semiconductor crystal 
with a size of several nm inserted into a larger bandgap semiconductor matrix. A quantum dot laser 
has been originally proposed to provide extremely low and temperature-independent threshold 
current owing to zero-dimensional density of states in the laser active region [1]. A lot of efforts 
were undertaken to develop a fabrication technology of semiconductor quantum dots suitable for 
device applications. Since the mid of 1990s there has been considerable work on direct synthesis of 
semiconductor nanostructures by applying the phenomenon of island formation in lattice-
mismatched systems. Semiconductor QDs exhibiting properties sufficient for laser applications are 
currently fabricated using the effect of spontaneous transformation of the growth surface at initial 
stages of strained-layer heteroepitaxy, a process called the Stranski-Krastanow growth mode [2]. 

Epitaxial deposition of a semiconductor material on top of another one that has a lattice 
constant several percent smaller, e.g. InAs on GaAs, leads to appearance of elastic strain in the 
structure. As the layer thickness exceeds some critical value then the strain relaxation takes place 
and formation of well-ordered three-dimensional array of nanoscale islands (so called quantum dot 
array) occurs on the top of the thin wetting layer. Extensive transmission electron microscopy 
(TEM) studies have shown that InAs quantum dots in a GaAs matrix usually has a pyramidal shape 
with square base size of about 10-15 nm and the height of 3-5nm.  

Laser operation in QD structures was demonstrated for the first time in 1994 [3]. Soon a 
significant progress in room-temperature characteristics of QD lasers has been done owing to 
development of multiple stacking of several QD planes [4]. Use of specific deposition regimes and 
design of quantum dot region provides a possibility to extend a spectral range of GaAs-based laser 
diodes to 1.3 µm wherein conventional quantum-well lasers are commercially unavailable. 
Continuous-wave operation of 1.3-µm QD diode lasers has been reported for the first time in 1998 
[5].  

The 1.3-µm spectral band satisfies the demand of high-speed optical data transmission 
exploiting minimal dispersion of a standard silica fiber. Till recently this spectral range has been out 
of the well developed technology of GaAs-based diode lasers due mostly to lack of suitable material 
of the laser active region. Very recently a significant progress in efficiency characteristics of long-
wavelength QD lasers has been achieved. Careful optimization of growth regimes and design 
allowed us fabricating lasers with up to 10 planes of quantum dots. This enabled to improve the 
efficiency to record-high value of 88% [6]. To our best knowledge, this is among the best efficiency 
characteristics ever reported for QD lasers of any spectral range.  

Temperature dependence of the threshold current is usually characterized by its characteristic 
temperature T0 in the equation Ith(T)=I0exp(T/T0). High characteristic temperature, i.e. weak 
temperature dependence, is a key factor for potential application of long-wavelength lasers in fiber 
datalink systems. High T0 would make it possible to create uncooled transmitter modules thereby 
giving a drastic reduction in cost. One of the main limitations of InP-based 1.3-µm lasers of the 
present status is low T0 of 50-70 K. QD laser potentially offers much better temperature 
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characteristics, because its optical gain is independent on temperature. In agreement with this 
prediction already the first QD lasers have demonstrated weak temperature sensitivity. Recently, 
using p-doped quantum dots absolute temperature insensitivity (i.e., T0=∞) in a wide interval of 
ambient temperatures (up to 75°C) has been demonstrated [7]. This is the first time that a 
semiconductor laser has displayed these features, characteristic only of atomic lasers.  

Experiments on high-speed data transmission were fulfilled for quantum dot laser. Successful 
10 Gb/s direct modulation from 20 °C to 70 °C without current adjustment have been reported very 
recently [8]. The temperature-induced deviation of the averaged output power is as low as -0.2dB at 
70°C while it was -1.5dB for InGaAsP QW laser. The observed performance of QD lasers, far 
superior to QW lasers, is very promising for low-cost transmitters. High reliability of QD diode 
lasers have recently been proven by accelerated ageing test at 650C and 850C [9]. No sudden failure 
was observed and no laser reached failure criterion (-20% of initial power) during >2000h test. A 
lifetime of more than 1.000.000 hours was estimated for a room-temperature continuous-wave 
operation.  

The work is currently in progress to further extend the spectral range available for high-
quality quantum dot structure. This would probably make it possible to cover the whole spectral 
range of the optical communication by QD lasers. For example, room-temperature operation at 
1.5µm has been recently reported on for a QD laser based on conventional GaAs substrate [10].  
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SCANNING PROBE MICROSCOPY BASED CHARACTERIZATION OF 
SEMICONDUCTOR NANOSTRUCTURES 

 
A.Andreev, G.Hlawacek, C.Hofer, C.Teichert. 
 
Institute of Physics, University of Leoben, Leoben, Austria. 
 
The Scanning Probe Microscopy (SPM) group at the Institute of Physics of the University of 

Leoben focuses its effort on the morphological and electrical characterization of semiconductor 
nanostructures. The main emphasis is on the Atomic-Force Microscopy (AFM) based investigation 
of self-organization processes during strain induced heteroepitaxial growth of both, inorganic and 
organic semiconductors resulting in ordered arrays of three-dimensional crystallites [1-3]. Also 
pattern formation under normal incidence ion erosion of semiconductors is analyzed [4,5]. 

In a second topic, our group explores the possibility to use self-organized semiconductor 
surfaces as templates to fabricate nanomagnet arrays [5,6], where we cooperate with many 
European groups in the framework of the EU project “NAMASOS”.  

A third topic is devoted to the electrical characterizations on the nanometer scale using mainly 
Conducting Atomic-Force Microscopy (C-AFM). During the last years this method was extensively 
tested on its applicability for studies on thin silicon and high-k gate oxides and for sample 
modification due to anodic oxidation processes [7,8], which provides the possibility for the 
fabrication of structures and even devices in the nanometer regime. Recently, we extended these 
investigation to organic semiconductors based heterostructures using C-AFM and Kelvin Probe 
Force Microscopy (KPFM) measurements.  

In this contribution we will summarize all these activities. In particular, attention will be paid 
to our activities in the field of self-organization phenomena in functional organic nano- and 
heterostructures, where we collaborate successfully with many groups in the frame of Austrian 
network project “Interface controlled and functionalized organic films”. Organic nanostructures, 
acting as building blocks for many organic devices like Organic Field Effect Transistors (OFETs) 
and Organic Light Emitting Diodes (OLEDs), can be also of great interest for nanobiotechnology 
because of their good compatibility with biological objects.  
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SIGNAL PROCESSING FOR SYSTEMS BIOLOGY 
 
Olli Yli-Harja. 
 
Tampere University of Technology Institute of Signal Processing. 
 
Abstract – We discuss our research paradigm, which consists of applying and developing 

methods of signal processing for the field of systems biology. We take full advantage of a wide 
range of signal processing research, define versatile computational tools, and apply them in a 
variety of tasks in cell biology, medical research, biotechnology, and theoretical biology. Firstly, 
this involves an engineering approach - computational tools for quantitative simulation of specific 
restricted biological systems [1], mathematical modeling of modern biological measurement 
systems for tool validation and experiment design [2], and image bioinformatics tools for high 
content screening [3]. Secondly, within our cross-disciplinary collaboration network we utilize the 
above-mentioned tools and models to benefit research in a wide range of biosciences, e.g. cancer 
research [4], bio-process design, immunology, and neuroscience. Thirdly, with the aid of data 
resources available through our collaboration network, and our expertise in computational methods, 
we focus on basic research in the cross-section theoretical biology, complex systems, and 
information theory [5,6]. Altogether, our intensive development of computational tools, together 
with the emerging availability of integrated biological data, and the expertise of an effective 
collaboration network facilitates leading edge research in applications as well as in fundamental 
theoretical issues in biology. 
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SEMICONDUCTOR NANOWIRES: GROWTH, PROPERTIES AND 
APPLICATIONS IN NANOBIOTECHNOLOGIES 

 
V.G.Dubrovskii. 
 
St.-Petersburg Physical Technical Centre of the Russian Academy of Sciences for Research 

and Education, Khlopina 8/3, 195220, St.-Petersburg, Ioffe Physical Technical Institute of the 
Russian Academy of Sciences,Politekhnicheskaya 26, 194021, St.-Petersburg, Russia. 

 
Semiconductor nanowires perpendicular to the substrate, also known as nanowhiskers, 

constitute a new type of emerging nanomaterials with interesting growth behavior, unique 
properties and a number of important applications in nanoelectronics, nanooptics and 
nanobiotechnologies. In this talk, we will first present an overview of results obtained so far 
concerning the formation mechanisms of Si and III-V nanowires grown on the substrates activated 
by the seed drops of a growth catalyst. The so-called vapor-liquid-solid mechanism of the wire 
growth will be discussed and some new results will be presented, in particular on the wire length-
radius dependence and on the influence of growth conditions on the wire morphology. Different 
growth techniques of nanowire formation, such as chemical vapor deposition, molecular beam 
epitaxy and magnetron sputtering deposition will be compared in terms of the growth behavior and 
the morphology of resulting structures. Particular attention will be given to our own recent results 
obtained for the Ga(Al)As wires grown on the GaAs(111)B surface activated by Au seed drops. 
Tapering of GaAs nanowires and nucleation on the sidewalls during the growth will be analyzed. 
Structural, optical and transport properties of different semiconductor wires will be then discussed. 
The overview of emerging applications of nanowire arrays in different fields will be given. After 
that, we will present some recent results concerning the applications of Si and III-V nanowires in 
nanobiotechnologies, in particular, as building blocks for chemo and biosensors and for biochips 
used for the express analysis of single viruses. 
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CARBON NANOTUBE-BASED MONOMOLECULAR LIGHT EMITTER 
 
Konstantin G.Batrakov, Polina P.Kuzhir and Sergey A.Maksimenko1 
 
Institute for Nuclear Problems, Belarus State University, Bobruiskaya 11, 220050 Minsk, 

Belarus. 
 
For the last two decades there has been a great deal of interest to different nanostructures, 

such as quantum dots, fullerenes and carbon nanotubes (CNTs), as potential basic elements for 
nanoelectronics and nanophotonics. A lot of interesting properties have been revealed ranging from 
the possible applications in electronic circuits to the storage of antimatter in microcavities due to the 
strong enhancement of the atomic lifetime. Nowadays, a new field of interest - bio-medical 
applications of nanostructures - emerges due to consistent progress both in nanoscience and 
biology. For example, it has been recently observed [1], that single wall carbon nanotubes wrapped 
with DNA can be placed inside living cells and detect trace amounts of harmful contaminants using 
near infrared light. It has been shown that such a biosensor, exploiting the unique properties of 
nanoparticles in living systems, can detect directly at the subcellular level. A “smart” bionanotube 
[2], which can enclose a particular gene or drug and then open up to deliver it to a specific region 
within the body, expected to find several applications for both drug and gene delivery in healthcare. 
Surely, providing a local light exposure on subcellular level, nano-sized light emitters would be of 
practical interest for nanobiology. CNT is considered as a probable candidate for that purpose. 
There are several possible mechanisms of light emitting from CNTs [3,4]. Recently we have 
proposed [5] an alternative approach based on the Cherenkov and undulator radiation mechanisms. 
Actually, the approach is analogous on the sub-molecular size scale to that utilized in the free 
electron laser.  

 
Fig. 1 Schematics of double-wall CNT providing the light emission. 

 
Two basic properties of CNTs underlie the idea: a significant retardation of the surface wave 

in a CNT [6] provides synchronous motion of the electron beam and electromagnetic wave, and the 
ballistic character of the electron motion [7] excludes energy losses. We consider several basic 
mechanisms of the electron interaction with the electromagnetic wave, that can lead to the radiative 
instability and therefore to the light generation. The slowing down surface wave (c/v >100) can be 
synchronized with the electron beam that results in the Cherenkov radiation mechanism. Another 
way to develop the electron beam instability is based on the undulator emission mechanism arising 
due to the interband transitions of electrons moving in nanotube. These methods give the possibility 
to realize monomolecular freeelectronlasers within the carbon nanotube.  

The simplest way to create a directed electron beam in CNT is to apply voltage to a certain 
part of a single-wall CNT or to different walls of multi-wall nanotube. The dispersion equations of 
the electron beam instability and threshold conditions for stimulated radiation derived in [5] are 
discussed for realistic CNTs and under realistic input parameters. The analysis of the threshold 
conditions shows the possibility of stimulated radiation by electron flow which exists in CNTs 
when voltage in some volts is applied. Intraband transitions corresponding to the Cherenkov 
instability are studied in detail.  
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PHOSPHATE GROUPS AS ACTIVATING AND ENERGY SUPPLYING MODULES 
FOR THE CONJUGATED IONIC-HYDROGEN BONDS SYSTEMS IN 

NANOBIOSTRUCTURES 
 
V.A.Karasev1, V.V.Luchinin1, V.E.Stefanov. 
 
1ST.-PETERSBURG STATE ELECTROTECHNICAL UNIVERSITY, PROF. POPOV STR. 5, 

ST.-PETERSBURG, 197376 RUSSIA  E-MAIL: CMID@ELTECH.RU. 
2Department of Biochemistry, St.Petersburg State University, Universitetskaya nab. 7/9, St.-

Petersburg, 199034 Russia. 
 
The concept of Conjugated Ionic-Hydrogen Bonds Systems (CIHBS), developed by us [1], 

considers simple (R−Z) and resonance (Q−R=X) groups connected by hydrogen bonds as basis for 
construction of supramolecular nanobiostructures and channels for energy transfer in such 
structures. Earlier, HN C=O-groups in proteins had been presumed to function as energy transfer 
channels in proteins. However, this prototype of the CIHBS-concept failed to receive general 
recognition, apparently, because not all elements, which can contribute to the CIHBS, were taken 
into account. Apart from HNC=O-groups, these are СN, CO, CS simple and NC=N, OC=O, NC=S 
resonance groups, etc. that belong to the side chains of amino acids, nitrous bases and other 
biomolecules. We are going to focus on ОР=О-groups, which are invariably present in many 
biostructures, contributing to the formation of CIHBS. The following structures contain these 
groups: 

nucleoproteids; 
complexes of proteins with phospholipids; 
complexes of nucleotide triphosphates with proteins; 
complexes of dehydrogenases with nicotinamide cofactors; 
complexes of cyclic monophosphates with receptors; 
phosphoproteins. 
A question arises about the role of ОР=О-groups associated with CIHBS. Investigation of 

model crystals formed by analogs of phospholipids [2] may elucidate it. 
We obtained crystals of isobutyl-2-aminoethyl phosphate hydrochloride (IPE-HCl) and 

hydrobromide (IPE-HBr) and investigated them by means of X-ray analysis. The analysis revealed 
the occurrence of the following CIHBS’s-zones in these crystals (scheme 1): 

НОР=О… НОР=О… НОР=О… НОР=О… (1) 
 
We studied electrophysical properties of the crystals [2]. They manifested abnormally high 

dielectric permittivity (106) and low values of activation energy (0,7-1,3 eV for IPE-HCl and 0,4-
0,6 eV for IPE-HBr at 20-70°С). “Hopping” mechanism of conductivity, compatible with the model 
of energy transfer along SCIHB [1], was proposed to account for conductivity of the crystals [2]. 

Recently [3] the electronic structure of IPE-HCl crystal was calculated by Hartree-Fock (HF) 
LCAO non-empirical method as realized for periodic systems in the computer code CRYSTAL. 
The calculation showed that hydrogen atoms in systems of HOP=O-groups possess the greatest 
positive value (+0.6е). The value of the positive charge of hydrogen atoms in the other groups of 
the molecule is significantly less (from 0.1е to 0.3е). The high value of the positive charge of 
hydrogen atoms in HOP=O-groups suggests that these atoms are rather protons than covalently 
bonded atoms. Hence, they should exhibit high mobility in such systems. Incorporation of HOP=O-
groups into CIHBS according (2): 

 
HQ1 R=X1…HQ2 R=X2… HQ3 R=X3…   …HQn R=Xn…HOP=O  (2), 
 
or according (3) in case of  OP=O-groups: 
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Xn=RQnH…    … X3=RQ3H… X2=RQ2H…X1=RQ1H… OP=O  (3), 
 
imparts greater mobility not only to protons contributing to bonding in R=X1…HOP=O 

(scheme 2) or RQ1H… OP=O (scheme 3), but, due to cooperativity of CIHBS, also to those in all 
systems containing resonance groups. Thus, HOP=O-groups can function as activating modules 
which render CIHBS potential channels for charge transfer. In addition, degradation of nucleotide 
triphosphates (ATP, GTP), accompanied by generation of negative charge, will contribute to 
delivery of the latter to CIHBS. We believe that it was just ignoring the role of HOP=O-groups in 
CIHBS of proteins which caused skepticism about the idea of charge transfer along CIHBS. 
Undoubtedly, any artificially constructed bionic nanostructure should include HO P=O-groups as 
important constituents. 
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WEB-ORIENTED SYSTEM KEENBASE FOR VIRTUAL SCREENING AND 
DESIGN OF NEW LIGANDS FOR BIOLOGICAL MACROMOLECULES. APPLICATION 

FOR NEW DRUGS SEARCHES 
 
V.Sulimov, A.Romanov, F.Grigoriev, O.Kondakova, A.Sulimov, P.Bryzgalov, S.Zhabin, 

A.Chernobrovkin, S.Sobolev. 
 
Research computing center, M.V. Lomonosov Moscow State University.  
 
To create the new drug in modern world is necessary up to 0.5 billion dollars and more than 

15 years of research activity. 
Generally such drug is the small organic molecule, which binds selectively to active site of 

macromolecular target (protein or nucleic acid). The drug can block or modify the functioning of 
the target in human body.  

The search for such small molecules, targeting protein macromolecules, is essential for the 
initial phase of new drugs development. The fast and effective solution of this problem can 
substantially cut the expenses and time for the initial phase of drug design as well as for the 
subsequent stages – preclinical drug development and clinical trials. 

The system Keenbase was developed for the positioning (docking) of potential drug 
molecules (ligands) to the biological macromolecules. It can also estimate the binding energy of 
small molecule to the active site of the target protein. This energy and the geometry of protein-
ligand complex can help the user to find the new biologically active compounds, which can affect 
the target protein. The area of the application of our system is not limited to pharmacology only, but 
also includes the areas of agrochemistry (to design new herbicides, insecticides), veterinary and 
ecology. 

The system Keenbase can select the compounds, which bind to the active site of protein, from 
the collection of structures. These compounds are also tested for many important characteristics 
(drug-likeness, possible toxicity, flexibility of molecule) which can affect the subsequent fate of 
drug candidate. The system is easily adapted to any new protein or nucleic acid target.  

The heart of Keenbase system is the docking program SOL. This program performs the 
positioning (docking) of ligand molecule in the active site of the protein. To perform the docking 
procedure, the user must provide to system the information on the three-dimensional structure of the 
protein. The docking procedure takes into account the electrostatic, Van-der-Waals interaction of 
ligand molecule with proteins, along with potentials, which resulted from interactions with solvent - 
electrostatic screening, nonpolar hydrophobic, protein and ligand desolvation. 

 The docking process takes into account possible flexibility of ligand and calculates the 
corresponding rotamers energies. The positioning of the flexible ligand in the potential field of the 
protein is the complex problem and can be solved by genetic algorithm of global optimization. 
Program SOL can perform the correct docking of ligands, having up to 12 inner rotational degrees 
of freedom with the accuracy near 1.5 Å. 

The chemical databases, which are used for virtual screening of potential drugs (or lead 
compounds), consist of thousands of molecular structures. The technology of massive parallel 
computing employs in system Keenbase to provide enough computer power to work with these 
large datasets. It can use the arbitrary number of computers under different operating systems 
(different clones of Linux, UNIX, Windows). It can work also on the standalone computer or on 
computers in local network. The users are able to work with system Keenbase via Internet.  

The large computer experiment (docking program SOL approbation) took place in the period 
from the December 31 2005 to the January 11 2006. The docking was performed via the system of 
the massive parallel computations X-com, designed by Research Computing Center of MSU. 
Another goal of this experiment was the virtual screening of new inhibitors for two proteins – 
thrombin and HIV-1 protease.  
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The system evaluated 2123 molecules from the open database of National Cancer Institute 
(USA). The computational resources of Research Computing Center of MSU and South-Ural State 
University were employed during the 12-days calculations. The total processor time was 42774 
hours. After the computer experiment, more than 30 perspective compounds were chosen for the 
experimental determination of their activity. The similar large computer experiment (virtual 
screening of new thrombin inhibitors) will take place during the MSU Science Festival (October 27-
29 2006). This experiment will employ the computational resources of Research Computing Center 
of MSU, South-Ural State University and also the resources of State University, Joint Institute of 
Nuclear Researches (Dubna) and Bashkirsky State University (Ufa). 

The experimental determination of activity for inhibitors, founded by virtual screening 
procedure was conducted by Hematology Scientific Center of Russian Academy of Medicinal 
Sciences (Laboratory of F.I.Ataullakhanov).   

The several new patent-free inhibitors of the thrombin were found out due to virtual 
computational technology of the protein inhibitors search. It took less than 1 year to lead the 
compounds to the stage of the preclinical trials. 

Thus, the computer aided drug design system Keenbase allows to reduce substantially the 
time and costs of the initial phase of drug discovery process. 
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INVESTIGATION OF INFLUENZA VIRUS STRAINS’ INFECTIOUSNESS USING 
BIOSENSOR MEASUREMENTS OF KINETIC PARAMETERS OF VIRUS-CELL 

INTERACTION 
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being, 630559 Koltsovo, Novosibirsk region, Russian Federation. 

 
One of the main difficulties of the effective antivirus compound selection is to provide 

continue series of different level control tests of their potency. These tests are carried out in order to 
choose chemicals which possess the highest therapeutic activity in vivo among the compounds 
tested on antivirus activity in vitro. For example, check-out of virus-receptor binding inhibitors of 
influenza virus with target cell is carried out by means of three-level tests.  

Level 1. Mass screening in adhesion inhibition test using fetuin (a protein, an analogue of cell 
receptor) as a control substance.  

Level 2. In vitro testing of antivirus efficacy of selected compounds. The principal difference 
from the previous method is the presence of endocytosis of virus particle by cell as a result of 
polyvalent binding of virus particle with the cell receptors.  

Level 3. Testing of medical effect of virus inhibition therapeutic-candidates in vivo in animal 
model. Theoretical investigations of virus-receptor-cell-organism interaction is used in order to 
provide succession measuring in different level tests. Such theoretical analysis allows one to 
construct the model which will be able to predict the effectiveness of compound in model animal 
and human test basing on the results of biosensor in vitro measurements.  

The purposes of present study are: 
to construct a kinetic model of virus-cell interaction;  
to test this model experimentally on infectious and noninfectious influenza virus strains; 
to prove the correctness of chosen set of virus-cell interaction kinetic parameters, which can 

be measured by means of biosensor to predict in vivo testing results. 
Results. We constructed a kinetic model of virus-cell interaction which takes endocytosis into 

consideration The virus-cell interaction was investigated experimentally in MDCK cell culture. 
Infectious for mice as well as noninfectious influenza virus strains were used.  

The considerable differences between the kinetics parameters of infectious and noninfectious 
influenza virus strains were shown in the framework of the developed model. The endocytosis rate 
constant is significantly smaller for infectious influenza virus strains. Due to this fact the maximum 
concentration time (the point of time when the maximal concentration of virus on the cell 
membrane is achieved) is several times greater for infectious influenza virus strains. Presented 
model is universal allowing to study interaction of nanobiosystem with a target cell and predicting 
the endocytosys of this nanostructures into the cell. In the case of viral particles, which are the 
representatives of nanosystems, the model developed allows to predict the infectivity of virus 
isolates and evaluate in vivo effective antivirus species basing on in vitro measurements of the first 
phase of virus-cell interaction with biosensors such as BIACORE or Atomic Force Microscope. 
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Recent advances in human genome based science have given a strong impulse to 

pharmacogenomics and pharmacogenetics. This has provided a new starting point for diagnosis and 
drug design, originating from molecular investigation of pathological mechanisms. Until recently 
the number of data sources was fairly limited, and quantitative techniques were well standardized. 
In the post-genomic era, in addition to a greatly amplified number of drug targets and related 
pharmacologically active compounds which can be identified has greatly increased. On the other 
hand, no reliable general strategy exists for the development of genome/proteome based drug 
design. Drug design is a very complex process, and the availability of a great amount of molecular 
biology information can greatly improve it (1, 7). At the same time, computer science methods are 
going to play an increasingly important role. It is very important to improve the integration between 
in silico analysis and wet laboratory activities (2, 3, 4) Whereas the approach which was followed in 
the past starts from biological observations and ends with the identification of the gene responsible 
of the function, in the post-genomic era the starting point is the genomic sequence and the end is 
gene function.  

We present an approach to drug design based on this integration for cardiovascular diseases. 
Cardiovascular diseases which are one of the major groups of multifactorial pathologies and one of 
the main causes of morbidity and mortality in many developed countries.  

The approach could subsequently be extended to other kinds of diseases. Starting from human 
biopsies and from clinical information, it is possible to carry out an investigation both at gene level 
and at protein level. By integration of this genomics and proteomics information it is possible to 
extract a reduce set of targets (receptors, binding sites, etc).  

These targets can be characterized by structural analysis. In order to identify a set of potential 
ligands able to interact with such targets quantitative structural related relationship analysis can be 
carried out for each molecular target. Proteomics and genomics data have enhanced the high 
through put screening. This kind of analysis present unique opportunities to apply QSAR 
(Quantitative Structure Activity Relationships) principles (5, 6).  

The term QSAR is referred to statistical analysis of potential relationship between chemical 
and biological activity. Virtually all forms of molecular modelling and Computer Assisted Drug 
Design have been included under the heading of QSAR. The optimization of QSAR informatics 
workflow is essential to speed up the complementary experimental validation activity for new leads. 
The time required to assay a large number of compounds could be reduced by using efficient in 
silico predictive systems.  

This approach is being followed in the CARDIOWORKBENCH project (Financed by the EU 
VI Framework). 
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Polymeric nano- and microcapsules are of particular interest for a number of applications due 

to their high potential for encapsulation of a wide variety of compounds. Basic properties of 
polyelectrolyte capsules are mono dispersion and adjusted size, easy control of the shell 
permeability; wide variety of the shell materials, such as polyelectrolytes; biopolymers; synthetic 
and natural lipids polysaccharides; multivalent organic dyes. Inorganic nanoparticles, enzyme 
molecules can be i-ncluded in the capsule shell. 

The capsules could be useful in the areas as diverse as biology, chemistry, synthesis and 
catalysis. For the capsules a multitude of different applications have already been proposed 
including microreactors, drug carriers, protective shells for cells or enzymes, carrier systems in 
heterogeneous catalysis or as dye dispersants. Now, nano- and microcapsule systems have the 
highest potential in the pharmaceutical industry since many different requirements have to be 
fulfilled: time, position and concentration. In some cases, for drug delivery the capsule’s activation 
under specific internal or external actions is necessary.  

The influence of laser irradiation was proposed as a method of encapsulated materials release. 
This method was developed in this study. Continuous way laser diode at 830 nm with optical power 
up to 80 mW was used. Choosing the laser wavelength that avoids the main absorption peaks of 
encapsulated material and the environment can significantly reduce the adverse heating effects. 
Near-infrared laser diodes are well suited to work with biological matter and water. In our case the 
excitation wavelength, 830 nm, is chosen in the biologically “friendly” window (700-1000 nm) 
where the absorption of tissue, biomedical substances and water is minimal. 
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Nanotechnology based on double-stranded nucleic acids (dsNA), i.e. directed creation of 

complex spatial structures (nanostructures, nanocostructions) with regular properties based on 
dsNA molecules or their complexes as „building blocks“, is currently in the focus of research.  

To date, a few versions of the strategy for the design of nanostructures which was pioneered 
N. Seeman [1] and can be considered as consecutive or step-by-step design based on successive 
modifications of the initial NA molecule, have been described. Our strategy [2] of creating NA 
nanostructures containing ds NA or their complexes with various biologically active compounds 
differs in principle from all the variants of the step-by-step strategy.  

The new strategy is based on the use not isotropic ds NA molecules, but these molecules fixed 
at distance of 25-45 A° in the spatial structure of the particles of their cholesteric liquid-crystalline 
dispersions (CLCD), obtained by various approaches. According to the first approach, CLCD were 
resulted at the phase exclusion of NA molecules from water-salt-polymeric solutions (a so called 
“entropy condensation”). The alternative approach is based on the use of a so called “enthalpy 
condensation” of ds NA molecules. To realize this approach, the biocompatible, biodegradable 
poly(aminosaccharide) - chitosan capable of neutralizing about 90% of the negatively charged NA 
phosphate groups, that is necessary for a spontaneous condensation of the (NA-chitosan) molecules 
was used. Under a fixed conditions, the phase exclusion of (NA-polycation) complexes is 
accompanied by the formation of CLCD of these complexes as well. 

It is shown in the report that the directed formation of flate nanobridges, consisting of 
alternating antibiotics molecules and metal ions, i.e. (- antibiotic-metal ion-antibiotic-…) between 
the NA or chitosan in the content of (NA-chitosan) complexes in the structure of their CLCD results 
in the formation of new types of nanoconstructions with unique properties. [2] 

 i) these nanoconstructions have rigid (not liquid any more !) three-dimensional structure. 
This fact was used for the visualization of their shape and size by AFM, 

 ii) the nanoconstruction exhibits an abnormal optical activity, specific to a so-called colored 
cholesterics, i.e., two abnormal bands in the CD spectra located both in the NA and antibiotic 
absorption regions,  

 iii) the stability of nanoconstruction depends not on the osmotic pressure of the solvent, but 
on the number and energy of nanobridges between ordered neighboring NA (or chitosan) 
molecules, 

 iv) the structure of each nanoconstruction can be considered as a combination of two 
„inserted" cholesterics; the first is formed by ds NA, whereas the second one - by nanobridge’s 
molecules, 

 The created nanoconstructions (nanobiomaterials) based on ds NA opens a way for their 
application in biothechnology, and ecology - as multifunctional biosensing units capable of 
detectiong biologically relevant compounds, which can destroy the integrity of nanobridges, as well 
as in molecular biology and medicine - as the “carriers” of genetic material or biologically active 
compounds, consisting the nanobridges. 

 
[1]. N.C.Seeman. DNA in a material world, Nature, 43, p.427-431 (2003). 
[2]. Ю.М.Евдокимов, М.А.Захаров, С.Г.Скуридин, Нанотехнологии на основе 

нуклеиновых кислот, Вестник РАН, 76, с.112-120 (2006).  
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In resent years a great progress in bone replacement is displayed. Metals, polymers, ceramics 

are used as a prosthetics but the types of materials are not in full complies with medical 
requirements. In this respect application of carbon materials is more perspective because of their 
high biocompatibility in contrast to other types of materials.  

We have suggested to develop carbon multifunctional implants. Based on the approach a 
technology for production of new carbon-carbon composite implants with the properties of strength, 
porosity and electroconductivity meeting medical requirements have been developed. The implants 
are designed for application in restorative surgery, in particular at surgical treatment of 
inflammatory diseases and spine injuries. 

Carbon-carbon composite materials fully consist of carbon. They are heat resistant (up to 
3500oC). The material structure includes a reinforcing framework of carbon microfibres which are 
bonded into a union composite by of a nanocrystalline carbon matrix. The implant materials are 
porous (the total porosity is 11 to 22vol.%; the open porosity is 6 to 15vol.%). The size of pores is 
up to 500 micron, which provides invasion of bone tissue into them. The implant mechanical 
properties (the compression strength is over 40 MPa, the bending strength is over 20 MPa, the 
elastic modulus is over 30 GPa) are well-balanced with the bone mechanical properties. 

A peculiarity of the developed materials are their biochemical and biomechanical 
compatibility with the organism tissues, active invasion of the neogenic bone into the implant pores 
for the depth sufficient for its adequate fixation with the bone bed and formation of a solid osteo-
carbon block. Application effect of the development provides the spine support and stability within 
the postoperative period, increases effect of operations due to reduction of loss of blood during the 
operation and reduction of the operation time as compared with autografts application, convenience 
of postoperative stimulation of the operated on zone using the implant electroconductivity. The 
main advantage of the suggested implants is the possibility to maintain the correction of the spine 
deformation reached by the operation, which is impossible when autografts and other known non-
biological implants are applied. 

Carbon-carbon implants were tested in clinics on more than 50 patients with tuberculosis, 
osteomyelitis, tumors and degenerative-dystrophic diseases of the spine. All operated patients had 
favorable immediate results of surgical treatment; their spine support ability was fully restored. 

X-ray examinations showed that in all cases starting from the first month after the operation 
osteogenesis took place in the place of carbon-carbon implant, which in 2 months was designated 
by radiologists as “an initial osseous block”. At more distant time of observance (2, 3, 4 years) X-
ray examination revealed a homogeneous bone-implant structure. There was no “gap” or “slot” 
between the implant and the bone bed, which indicated the direct transition of osseous beams from 
remains of resected vertebral bodies into the implant. The patients had no pains in the operated on 
spine section, they could freely walk; the neurological status of all patients improved or was fully 
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solved. Favorable results of the osteoplasty and improvement of general condition were 
demonstrated also by the patients with the spine tumor affection. 

To improve implants advantages investigation of carbon nanomaterials as a medical depot has 
been carried out. Carbon composite materials based on nanodiamonds have been developed by us 
for such applications. The composite (NDC - Nano Diamond Composites) has a structure 
comprising carbon nanofragments of two types: nanodiamond particles (medium size 4-6 nm) and 
nano-sized graphite-like matrix connecting them to a composite. By varying of preparation 
conditions it is possible to prepare materials with different effective thickness of the graphite-like 
matrix on the surface of nanodiamond particles (from 0.2 to 1 nm). Thus, it provides a 
nanostructure which has two carbon phases of different crystalline types. One of the features of 
NDC as carbon composite materials is that they can be prepared as bodies of desirable shape. 

The NDC materials are high-porous carbon composite bodies: pore volume is ranging from 
30 to 60 vol%, and effective pore size of 8-10 nm. The narrow pore-size distribution and, hence, 
uniformity of pores properties throughout material volume makes it possible to consider nanopores 
as a third nanophase of the composite. Thus, NDC have three types of volume distributed 
nanofragments: diamond nanoparticles, graphite-like carbon and pores. The possibility to vary the 
contents of different components in materials in a wide range makes NDC a suitable model material 
for biological tests.  

In our research “in vitro”, it was proved that nanocomposites prepared from nanodiamond can 
be used as effective support for bioactive and medicinal substances (trypsine, canamicine). In 
comparison with other carbon materials used as medical depot, NDC is characterized by a minimal 
denaturation effect in combination with a rather high adsorption activity. Because of their specific 
structure, NDC bodies have a high electrical conductivity, which allows the carrying out of an 
electroadsorption by the application of electrical potential to NDC. The experiments have shown 
that adsorption of ferments in the electric field is a significantly faster process compared with 
traditional physical adsorption.  

Carbon-carbon implants combined with medical depot charged of riphampicine as an active 
anti-tuberculosis medicine have been used in “in vivo” experiments. The experiments were carried 
out on 55 rabbits. Parts of rabbits bones were replaced by implant/depot materials. In the research 
an amount of riphampicine in depot was varied. It was shown that in a rabbit body a slow 
desorption of riphanpicine to a blood and bone contacted with depot take place. Bactericide 
concentration of riphampicine are kept in a blood during 24h and in bones more than 14 days. In 
this period tuberculosis diceases are protected by riphampicine directly in operation area. Clinic 
operations confer the results. 

Thus, micro- and nanocarbon materials have a great prospects for development on their base 
multifunctional implants for bone replacement surgery.  
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The evaluation of biocompatibility of carbonic nanotubes is the problem of present interest of 

modern nanobiotechnology. To investigate the change of pro- and antioxidant balance of male rats 
after introduction of nanotubes was the object of our research. 

Carbonic nanotube (CNT) synthesis is performed with the help of the laboratory-scale plant Cn-
CDV-100 designed by the Japanese company ULVAC inc through the method of plasma chemical 
gas deposition. Base sheet is nickel, carbon is methane, the temperature of the hydrogen plasma is 
about 900 °C, bias voltage is 210 V, gas pressure is 1.7 torr. The body of the raised CNT consisted 
mainly of single-shelled NT, the length of which was about 20-50 urn, diameter 15-25 nm, which 
was proved by REM and ТЕМ tests. The rate of contaminating the material by the catalyst is less 
than 3 %. CNT dispersion for separation form the base sheet was performed in distilled water with 
the ultrasonic frequency of about 48 KHz. The produced meal was used immediately after finishing 
the dispersion to avoid pudding stones. 

The produced meal was dissolved in distilled water in the ration of 1:5 and was injected 
intravitelline with the help of a probe to male rats during 10 days in amount of 0.5 ml. 16 animals 
with the average weight of 250 gr were used in the experiment. The male rats were divided into two 
groups: 1) the ones that received the nanotubes of the above mentioned strength; 2) control animals - 
intact male rats. 

The intensity of peroxidation of lipids was evaluated against the level of malonic dialdehyde 
and intermediate products. We traced the autonomic and ascorbatedependent peroxidation rate of 
lipids (POL) and the initial rate of malonic dialdehyde (MDA) in liver tissue, testicles, thyroid 
gland and adrenal gland. Intermediate products - ketodienes, conjugated trienes and 
acylhydroperoxides - were studied in heptane-isopropanol fractions in plasma of blood with the help 
of spectrophotometer (220-232-278 nm). We investigated the degree of peroxide hemolysis of 
erythrocytes. 

In liver tissues the initial rate of MDA of the male rats which had the nanotubes injected was 
higher than that of the control animals (p≤0,05). The autonomic and ascorbatedependent 
peroxidation rate of lipids (POL) of the animals that had the nanotubes injected showed the 
tendency of degradation in comparison with the control animals. In testicles the rate of the peroxide 
of lipids didn't differ much between the two groups of animals under study. In thyroid gland the 
autonomic and ascorbatedependent peroxidation rate of lipids (POL) of the animals that had the 
nanotubes injected was higher than that of the control animals (p≤0,05). The initial rate of MDA of 
the male rats which had the nanotubes injected was also higher in comparison with the control 
animals (p≤0,05). In adrenal gland tissues the autonomic and ascorbatedependent peroxidation rate of 
lipids (POL) was higher among the male rats that received the nanotubes in comparison with the 
control animals (p≤0,05 and p≤0,001 respectively). 

The level of hydroperoxides changed in the following way. In isopropanol fraction the level of 
ketodienes and conjugated trienes of the animals who had the nanotubes injected was higher in 
comparison with that of control male rats (p≤0,05). The level of diene conjugates and 
acylhydroperoxides of the male rats that received nanotubes was higher than that of control animals 
(p≤0,01). 

The degree of peroxide hemolysis of erythrocytes of the animals that received nanotubes was 
higher in comparison with the control ones (p≤0,05). 

The results of the research point out the increase of free radical oxidation after introduction of 
nanotubes to male rats. There was an increase in the rate of autonomic and ascorbatedependent POL 
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and the initial rate of MDA in thyroid gland and adrenal gland tissues. In liver the initial rate of 
MDA decreased after the introduction of nanotubes in comparison with the control animals. The 
level of intermediate products of POL in isopropanol fraction also increased after introduction of the 
nanotubes. The degree of erythrocytes peroxide resistance changed the same way. Thus, in majority 
of cases the nanotubes showed prooxidant properties. 
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Objective: To study the efficacy of nanotechnology-based formulation comprising the 

bactericidal silver and immunestimulating protein IL-1ß in mouse trauma model. 
Indications for research: 
Thermal injury and chronic ulcer have a severe impact on the host’s cellular and humoral 

immune systems; 
Administration of IL-1ß stimulates the keratin and fibroblast proliferation, formation of new 

epithelium and granulation tissue;  
As to clinical data a wound bacterial burden is shown to prolong the healing time; 
No bactericidal silver composition in combination with cytokine IL-1ß is known for topical 

treating of severe burns and ulcers. 
Topical antibacterial ointment “Intergel” loaded by nanoclusters of silver and immunoactive 

protein interleukin-1β (IL-1β) was developed by nanotechnology means. The gel formulation was 
designed for treating burns and trophic ulcers in hard cases of immunesuppressive etiology. The 
formulation has a great potential to enhance absorption of immune mediator IL-1β by damaged 
tissue. Burn and trauma infection are proportional to the extent of injury and generalized immune 
suppression. Antibacterial activity against grampositive and gramnegative strains Escherichia coli 
М-17, №1337.1, Staphylococcus aureus АТСС-№25923, №1169.2, Pseudomonas aeruginosa 
АТСС-№27853, №1321, Enterobacteriaceae, Micrococcaceae and yeast-like fungi from clinical 
isolates and museum collection were assayed compared to commercially available pharmaceutical 
“Povyargol” (Ag/poly(N-vinyl—2-pyrrolidone composite). The results reveal high bactericidal and 
fungicidal activity of formulation to wound microflora. Cytotoxicity of ointment to somatic cells 
was assessed on cell proliferation of thymocytes. There were no indications of toxic influence to 
somatic cells. 

The wound healing activity of Il-1β applied in the form “Intergel” was studied in immune 
suppressed mouse model. The immunity had been suppressed by hydrocortisone administration. 
The ointment “Intergel” was applied to mice with skin surgical injuries once a day. Wound closure 
rate was assessed by serial planimetry. The data of planimetry measurement and histological 
examination were discussed. Application of “Intergel” ointment caused the reduction of wound 
area, acceleration of formation of new epithelium, increase the rate of granulation process. The 
topical treatment by “Intergel” ointment was efficient in healing of skin trauma of immune 
suppressed animals. The nanocrystalline silver is considered to be effective against broad-spectrum 
wound infections. The presence of nanoclusters silver particles facilitates immunostimulatory and 
wound-healing activity of preparation in topical application of IL-1β. Results: 

 There is a possible way to sustain immunemediator Il-1ß and bactericidal silver in one gel-
like composition without loss of activity preparation by nanotechnology method. 

Nanotechnology-based silver composition comprised Il-1ß (“Intergel”) was found to be 
beneficial for improving the healing in mouse trauma model. 
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The unique electro-optic effects in liquid crystals are scrupulously being studied to use in 

laser physics, systems for surface processing and flaw detection, display and medicine. The physical 
phenomena resulting from forces exerted on a liquid-crystal mesophase on account of the electric, 
magnetic, thermal fields and deformation are due to the weak intermolecular interaction of the 
structural elements of liquid-crystal media. To take an advantage of such factors as the presence of 
weak dispersion forces between the molecules of liquid crystals and the high orienting ability, we 
recently proposed a nonlinear liquid-crystal anisotropy medium for visualizing, fixing, and 
orienting human red blood cells. The feedback mechanism of liquid crystal self-organization [1] due 
to interaction with erythrocytes has been discussed. 

[1] A.A.Kamanin, N.V.Kamanina // Tech. Phys. Lett., Vol.32, No.14, c.25-32 ( 2006) 
 

 45                                      
 



SYSTEM COMPUTER BIOLOGY IN ICG SB RAS 
 
Yu.G.Matushkin, E.A.Ananko, D.A.Afonnikov, V.V.Golomolzin, V.A.Ivanisenko,  
E.V.Ignat’eva, A.V.Katokhin, V.A.Likhoshvai, D.S.Miginskii, N.A.Omelyanchuk,  
S.E.Peltek, T.M.Khlebodarova, N.A.Kolchanov. 
 
The Laboratory of Theoretical Genetics of ICG carries out the works solving complex 

problems with scientific researches in the branch of system biology. The basis of the works is the 
set of software components providing wide functionality: (1) reconstruction of gene networks, 
metabolic and regulatory cell, tissues, organs and organisms systems on the ground of 
multiparameter heterogeneous experimental data analysis and integration; the data may be received 
using methods of genomics, transcriptomics, proteomics, metabolomics and cell biology; (2) 
creation of databases and knowledge bases which contain integrated information about structure-
functional organization and dynamics of gene networks at the level from gene to whole organism; 
(3) experimental support of gene-gene interactions study in bacterial cell; (4) study of bacterial 
genomes functioning mechanisms and developing of computer models of bacteria’s functioning; (5) 
experimental design of artificial gene networks with the radically improved or the conceptually 
novel properties for the practical use in biotechnology and bioengineering; (6) development of 
multiparameter models of pathogen interaction with organism (for medically significant 
microorganisms); (7) development of gene-sensor devices on the basis of bacterial systems; (8) 
analysis of experimental data in molecular epidemiology of social-significant diseases and DNA 
population polymorphism; (9) computer modeling of complex spatial-distributed systems and 
processes controlled by genes for the purpose of transgenic plants creation with radically improved 
or the conceptually novel properties 
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High resolution peptide libraries enable massive parallel screening for specific peptide-protein 

interactions in biomedical and material research. Combinatorial synthesis of such high complexity 
peptide arrays can be realized by spatially defined, sequential deposition of tribo-electrically 
charged, solid amino acid particles on a microelectronic chip. After particle positioning by electric 
forces, the particles are melted and release their embedded activated amino acids that react with free 
amino groups of the solid support. Consecutive cycles of selective particle deposition, melting, 
deprotection, and washing lead to combinatorial synthesis of high complexity peptide arrays. The 
chemistry involved is very similar to standard Merrifield synthesis 

We developed a procedure for high-resolution and contamination-free deposition of 
electrically charged amino acid micro particles out of a defined aerosol. In order to generate 
sufficiently high electric fields for particle attraction, specific high – voltage chips with appropriate, 
individually switchable electrodes were designed and custom – made. The deposition of particles 
with an average diameter of 10 µm was accomplished on electrodes with a grid down to ~ 50 µm 
and at voltages of 30 V – 100 V. Particle spot densities of about 104 cm-2 were achieved on 
electrode pixels. In order to control the particle deposition process under different aerosol 
conditions, a new technique for monitoring particle motion and charging was developed.  
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INTRODUCTION. 
It is widely acknowledged that automated text analysis can play an important part in 

facilitating the extraction of knowledge from biomedical texts (for an overview of text mining 
approaches for biology, see [3]). Recently, we proposed a grammar-based method for in-depth text 
analysis and showed that an approach developed within the field of computational linguistics for the 
purpose of parsing “general” English can be adapted to the special requirements and challenges 
posed by biological and biomedical texts [1,2,4,5]. The main advantage of a grammar-based 
approach, as opposed to systems based solely on statistical cues, is the correct interpretation of 
passive constructions (X activates Y vs. X is activated by Y), negations, relative clauses, and 
syntactic constructions where certain constituents are omitted. For details concerning the syntactic 
and semantic representations produced by our system, see [2]. 

The results of grammar-based text analysis can be fairly accurate (89-92% precision, 
depending on the subdomain of texts), while the recall may be improved. For example, in a recent 
experiment we found that 63% of sentences were parsed [5], which leaves room for improvement. It 
was also found that a considerable number of parsing problems can be solved simply by extending 
the lexicon. An important question to be solved is also the selection of relations to be presented to 
the user, and the format of the output.  

THE CHALLENGE. 
Relations between biological objects mentioned in an abstract can be divided into categories 

reflecting their user relevance, depending on wether they were discovered: 
in previous research, rather than in the research described in the abstract; or 
in the research described in the abstract, and in that case according to wether they: 
confirm previous findings, 
contradict previous findings; or 
constitute novel relations, which have not been found in any earlier work.  
It is not desirable that an information extraction system delivers all relations mentioned in the 

text, including those that constitute common bonum in the research community. However, 
developing a method for automated evaluatiion of the degree of relevance is a very challenging 
task. 

HOW TO SELECT RELEVANT INFORMATION. 
Our current system includes a method to divide an abstract into a background part, concerning 

previous research, and a foreground part, describing the current experiment. The procedure 
identifies certain frequent phrases which signal the shift between background and foreground, such 
as in this study; we investigate/describe; our aim was; etc. In addition, certain grammatical cues, 
such as tense shift from present to past, are used. This relatively straightforward method eliminates 
a considerable number of “known” relations. 

However, “known” relations may be mentioned even in the foreground part of an abstract, 
which means that there is a need for additional methods of distinguishing the relevant information 
from the irrelevant. We consider two possible solutions to this problem: 

Match relations found in the text against biological knowledge databases and (based on the 
results) classify them into subtypes. The user can then decide whether relations that are already 
present in the existing model should be shown in the results or not. 
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Let the user interact with the system. When a relation is shown, the user can choose among 
actions: a) do not show this particular relation between these particular objects anymore, b) do not 
show this relation in connection to one of the objects, c) do not show any relation involving these 
objects, d) do not show this relation type, e) continue.  

Investigating alternative 1 may be methodologically interesting, since it would show to what 
extent it is possible to automate the classification of extracted knowledge. However, automating the 
search of large databases is a complex task. Furthermore, different naming conventions in texts and 
in databases would pose a serious problem. As the next step in our work, we therefore plan to 
implement alternative 2 and to perform user studies in order to evaluate the method. 

TOWARDS INTERACTIVE TEXT MINING. 
Ther is currently a lack of text mining systems that make efficient use of user feedback to 

guide the mining process. Currently, user feedback is is being used much more frequently in search 
and retreival systems, such as the web site “The Music Finder” (http://www.music-finder.net) – one 
of many web services where results from searches for music are displayed to the user together with 
a request for feedback regarding relevance. The feedback is utilized by the system to gradually 
adapt to the taste of the user and learn which musical genres are relevant to display in the results. 
Although the application area is completely different, we similarly aim to offer users the possibility 
of providing feedback regarding relevance, which will be used by the system to tune the selection 
and presentation of query results. It is hoped that this strategy will help the user to guide the system 
towards a greater focus on relevant biological relations. The aim is to allow the user to guide to 
provide his/her feedback with effort. Great importance will therefore be given to the design of the 
interface and the feedback request format. 
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The development of quantitative models of biochemical reaction networks can provide a 

much better understanding of complex biological processes in the cells like metabolism or signal 
transduction. To create such models information about the kinetics of the participating reactions is 
necessary, embedded in the associated biological and experimental context. Unfortunately, these 
data are widely scattered through various publications and described in many different formats. 
Moreover, each special field uses its own vocabulary and concepts. Thus the process of obtaining 
and integrating these data is very time consuming and cumbersome. Thus, there is a clear need for 
the development of data management and analysis system where experimental data about reactions 
and their kinetics can be systematically collected, categorized, consistently unified, curated and 
properly shared. 

We have created SABIO-RK, a curated database with highly interrelated information about 
biochemical reactions and their kinetic properties which allows researchers to obtain and compare 
kinetic data and to integrate them into models of biochemical networks. SABIO-RK provides 
detailed information about reactions and their corresponding pathways, chemical compounds and 
enzymes. Moreover, the system links this to the appropriate kinetic laws describing the dynamics of 
the reactions with their respective parameters, such as kinetic constants and concentrations of the 
reaction participants. The experimental conditions under which these parameters were determined, 
such as pH, temperature and buffers are also included, as well as the biological context, like 
organism, tissue and cellular location where the reactions take place.  

General information about biochemical reactions, compounds and enzymes is mainly obtained 
by integrating data from several structured or semi-structured electronically available data sources, 
whereas the associated kinetic data is manually extracted from literature. In the population of the 
database we have to confront many problems related to the integration and verification of the data, 
such as the unambiguous identification of reaction components, missing specifications of 
experimental conditions and assay proceedings, or multiplicity of parameter units and mathematical 
equations. To address these problems we apply specific controlled vocabularies and link the data to 
biological ontologies. This, in combination with the usage of merged synonymic notations and the 
annotation of compounds, enzymes and other components to external resources, facilitates the 
comparison of the data. These references to other databases enable the user to gather further 
information and to refer to the original publications. 

Currently, SABIO-RK contains data about 1379 different biochemical reactions related to 396 
distinct EC classes in 252 organisms. Almost 7400 database entries (42% having a rate equation) 
describe around 6213 enzyme activities (like rate constants, kcat or Vmax), 6715 Km and 1274 Ki 
(inhibitor constant) values. 

Users can access the SABIO-RK database by a web-based interface that allows the search for 
biochemical reactions and their kinetics, given the characteristics of the reactions, and of the kinetic 
data sought. The interface offers the possibility to export information in SBML (System Biology 
Mark-Up Language), a commonly used exchange format in systems biology.  

Apart from the graphical interface we recently started offering web services to allow users’ 
applications to directly query the database without having to select the data manually through the 
web-interface. This, for example, permits simulation tools to directly access the data stored in 
SABIO-RK for the creation of simulation models. 

SABIO-RK is freely available for academic use at http://sabio.villa-bosch.de/SABIORK/. 
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BIOSEMIOTICS AND NANOBIOTECHNOLOGY 
 
S.V.Chebanov. 
 
In the last 15 years biosemiotics became the new intensively developing area of knowledge on 

crossing of biology and semiotics. Biosemiotics studies the sign structures of living organisms – 
genetic vehicle, synaptic transmission, immune reaction, reception and perception in the sensory 
systems, behavior of animals, biocommunication, etc. 

The idea of existence of plan of expression and plan of content (which are in ambiguous 
accordance one with other) is very important for a semiotics. Such correspondence is determined by 
a structure and history of sign means, but not causal-effectual relations (for example, 
correspondence of adapter and acceptor in t-RNA). 

The awareness of semiotics nature of some structures was the critical point in their study. So, 
M.Ichas marked that main point in understanding of role of nucleic acids was a G.Gamov’s idea 
that they are substance of the special code – genetic code. 

In the context of stormy development of nanobiotechnology it is very interesting that basic 
biosemiotic objects have nano-sizes (diameter of DNA molecule is 2 nm, step of spiral is 3 nm; the 
size of t-RNA, signal oligopeptides, antibodies are 5-20 nm; synaptic bubbles – 50 nm, diameter of 
sticks of retina of eye – 6 nm, etc.). Such structural components are the fragments of sign’s bodies – 
embodied plan of expression of signs. 

The structure of bodies of signs in living beings has large value for their functioning, it is not 
indifferently for their semiotic functions. Such sign’s bodies are named as semantophores. 

Using the entered ideas, it is possible to do next statements. In regard to biosemiotic objects, 
nanobiology is engaged in the study of semantophores (plan of expression of biological signs), and 
biosemiotics in senso stricto studies first of all the plan of content of these signs (biological sense). 
Notably that artificial t-RNA (contained not typical combination of adapter and accepter) have an 
important role in the study of genetic code as the major biotsemiotics object. Such artificial t-RNA 
are turned out by methods of nanobiotechnology 

The described situation allows to talk about close connection between biosemiotics, 
nanobiology, and nanobiotechnology. 
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Biological systems analysis almost always starts from functional genome annotation. Reliable 

assignment of functional features to elements of a genome is mostly based on homology searching 
and protein functional site and domain analysis. InterPro, the integrated resource of information 
about protein functions, plays a key role in this assignment and analysis. The database started as a 
documentation resource to unify existing protein site and domain databases, but it has developed 
into an information hub, connecting different heterogeneous information about protein functions 
into a user- and computationally-friendly analysis tool. 

InterPro is aquiring new features to cope with new challenges in the systems biology era. The 
database is planning on including references to resources, such as ArrayExpress and DBD 
(Transcription Factors Database) databases, which provides integration of the gene regulation and 
expression information for many sequenced genomes. 

The recent application of InterPro functional annotation analysis for alternative splice variants 
in the mammalian transcriptome revealed new types of relational networks. The analysis allows us 
to create a functional inventory of proteins in a living cell and propose fruitful ideas about the 
evolution of protogenomes. 
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Aqueous medium consist of aqueous intermolecular specimens: associates, and clusters, 

clathrates nano-size, conjugated to unite supramolecular system by common dynamic network of 
hydrogen bonds. Each of water molecules is capable to form 4 hydrogen bonds with 4 other 
molecules, so time of all of variable intermolecular specimens, accordingly to liquid state theory, is 
on the level of 10–12 – 10–9 sec, i.e. aqueous system is very dynamic one. There are both of 
processes: destruction of intermolecular specimens and their synthesis, and transformation their 
expose of physical fields, this gives also self-replication of formations for more longer time. Each 
structure means a given information, which is a function of state, characterizing system order, so it 
is necessary to take into account a structural-information property for complete description of water 
and its variable or stable nanospecimens. Information about interaction with given water sample is 
coded in the structure of nanospecimens. So, water is capable to percept information of physical 
fields using a formation of corresponded intermolecular specimens, when information carried by 
given fields is coded in specimen structure. Another water feature is polarity of O-H covalent bonds 
and water molecule, and high dynamics of its nanospecimens, which are unite, complex, dynamics 
radiations both of electromagnetic and acoustic nature of large number of frequencies (1014 Hs < ν 
< 1.0 Hs). Frequencies of these radiations have information, code in intermolecular specimen 
structure, dynamics of these is a source of given radiations and their, structure which determines the 
features, i.e. method of coding. So, water transfers the information, coded in its nanospecimens, to 
the environment owing to its own hydrodynamic radiation. Water is a source of hydrodynamic 
radiations and is an active medium for its circulation. Information, coded in the structure of short 
time formations is preserved, because of its reproduced in new intermolecular specimens of 
previous structure and initial information. It is found that structural-information property of water 
and its own hydrodynamic radiation are a base for water memory, in other words, they are dynamic, 
but not static factors. Destruction of nanospecimens in water means a waste of information. To 
define the discussed features of water, we propose a term of aquacommunication, that is ability of 
water to receive, save, store, loss information. Aquacommunication phenomenon and their 
structural-information property of water is the possible physicochemical base of 
nanobiotechnology. 
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Self-assembly of semiconductor nanocrystals (NCs) make it possible to obtain nano- and 
microstructures with high level of ordering and permit construction of patterns to be used in 
optoelectronics, photonics and biosensing with very little infrastructural investment [1,2]. 
Fluorescent semiconductor nanocrystals, quantum dots (QDs) and quantum rods (QRs) are 
especially appealing since a variation of NC parameters such as size, shape and surface charge 
allows controlling the self-organization processes for fabrication of superstructure of different 
morphologies. The NC high extinction and photoluminescence (PL) quantum yield, photostability 
and controllability of their electronic structure allow forming self-organized superstructures with 
specified optical parameters. 

We present results of studies of DNA-assisted and thermodynamically-driven self-
organization of charged NC, both QDs and QRs, into quasi-nanowires and ordered mm-sized 
superstructures and investigation of their optical properties. SEM, TEM and AFM techniques have 
been used for characterisation of the structures together with micro-luminescence imagine 
technique, including spectroscopic, polarization and temporal analysis of the structure PL.  

We have obtained ordered long fluorescent quasi-nanowires using electrostatic interactions 
of chargedCdSe/ZnS nanocrystals (QDs and QRs) with polyanionic (DNA) or polycationic 
(polyallylamine) molecules by means of molecular combing. Variations of the NC charge and shape 
and the stoichiometric ratios of complexes permit obtaining nanostructure patterns ranging from 
linear quasi-nanowires of desired length to branched interconnected structures [3]. 

A formation of regular 2D patterns with hierarchical organization, build from negatively 
charged water-solubilized CdSe/ZnS core/shell NCs has been observed on a hydrophilic poly-L-
lysine coated surface within a droplet of NC water solution drying on different polar surfaces [4]. It 
was found that the NCs are initially assembled into µm-sized dense spheroidal clusters or hexagons 
with narrow size distribution consisting from ten thousands of close-packed NCs. The micro-
particles, in turn, self-assemble into the regular 2D superstructures with size up to 1 mm. The 
luminescent images of typical QR-based structure is shown in Fig. 1. Analysis of the superstructure 
growth at different temperatures, NC concentrations and ionicity of the NC solutions showed that 
interplay between attractive van der Waals and repulse electrostatic forces 

 

 
Fig. 1. Luminescent images of edge of typical CdSe/ZnS QR-based structure (left) and its 
central part (right). Scale bars are 20 µm. 

 
is responsible for the NC self-assembly into homogeneous in size microparticles at first step of the 
self-organization process while attractive capillary forces form the ordered 2D superstructure at the 
second step when the thickness of the evaporating water layer becomes comparable with the cluster 
size. The mean size of the microparticles and the thickness of the can be varied in the range of 2-5 
µm. A layer of organic molecules around the microparticles prevents its intermediate contact 
forming an interstitial space. Due to the high refractive index of CdSe and low refractive index of 
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the interstitial space, these structures are expected to have deep gaps in their photonic band forming 
hierarchically ordered 2D arrays of potentially photonic materials.  

A controlled growth of highly photoluminescent polycrystalline dendrites from CdSe/ZnS 
QDs and QRs on a hydrophobic aminoalkilsilane coated glass surface and their optical and 
energy transfer properties were also studied. We found that control of the shape and 
concentration of the dendritic nanocrystal building blocks and of the water evaporation 
rate allows dendrites of desired size and crystallinity as well as optical and energy-transfer 
properties to be obtained. Fig.2 (a,b,c) demonstrates typical examples of phase-contrast, 
luminescent, and polarization images of the QD dendrite-like structures. Analysis of the 
spectroscopic and temporal features of the dendrite luminescence showed that 
photoexcitation energy transfer from periphery regions of the dendrite to its core takes 
place. These findings show that the nanocrystal dendrites certainly deserve further 
investigation as promising superstructures for use in artificial light-harvesting systems. It 
worth to be note that optical parameters of NC-based self-organized structures including 
the energy transfer processes can be modified by utilization hybrid nanocrystal/molecular 
units as building blocks. The results obtained demonstrate that these dendrite-like NC-
based superstructure are of great interest for construction of elements of artificial light 
harvesting systems of new generation. 

  
Fig. 2. (a) Typical phase-contrast image of QD-based polycrystalline 
dendrite-like structures.  (b) Luminescent image of selected QD dendrite. 
(c) Example of polarized image of QD dendrite. Four-fold symmetry is seen 
indicating alignment of uniaxial CdSe/ZnS QDs along the dendrite 
branches. Scale bars are 20 µm. 

cb a 

Finally, new technologies of fabrication of ordered structures by self-organization of charged 
semiconductor nanocrystals of spherical and cylindrical shapes during evaporation of their 
aqueous solutions on polar surfaces are presented. Studies of optical properties of the self-
organized structures demonstrate their potential utilization in optoelectronics, photonics and 
artificial light-harvesting systems. 
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Recently, some results of the first experiments related to the application of single-wall carbon 

nanotubes (NT) for suppression of cancer cells have been published [1]. Continuous irradiation of 
NTs with near–IR light was shown to result in the death of the cancer cells due to their overheating 
caused by their contact with NTs. To make this method more effective, one needs to know spectral 
dependence of the absorption coefficient of NTs, as well as the temperature of heated NTs as a 
function of the irradiation wavelength and intensity. 

Up to now, there have been no data on theoretical estimations of the temperature increase rate 
for NTs exposed to the IR illumination. This work presents results of a theoretical study of the light 
absorption coefficient for single-wall NTs. The tight–binding approximation was used to derive 
expressions for the wave functions and electron structure. This approximation, which takes into 
account solely π-electrons, is the simplest and a rather exact method for describing the NT electron 
structure near the Fermi energy. If at least one of the Fermi points belongs to the ensemble of 
allowed wave vectors, the NT will possess metallic-type conductivity, similar to graphite. If none of 
the allowed wave vector lines intersects Fermi points, then the NT will have semiconductor-type 
conductivity. In semiconductor NT, the distance between a Fermi point and the closest sub–band is 
equal for all the points. Since the distance between the lines of allowed wave vectors is inversely 
related to the NT radius and the dispersion law in the vicinity of the Fermi points is linear, then the 
bandgap in semiconductor NT is inversely proportional to its radius. 

Within the frames of the Harrison approach we estimated the matrix element of the impulse 
operator and determined the probability of photon absorption by an electron. We also derived an 
analytical dependence of the absorption coefficient on the wavelength and intensity of 
electromagnetic radiation. We show that the temperature increase rate depends on energy flux in the 
incident beam linearly. We also compared our theoretical estimations with the experimental data 
and found the agreement to be satisfactory. 

 
[1] Nadine Wong Shi Kam, Michael O’Connell, Jeffrey A.Wisdom and Hongjie Dai. Proceed. 

NAS, vol.102, pp.11600-–11605 (2005). 
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Among water-soluble poly(N-vinylamides) the poly(N-vinylcaprolactam) (PVCL) possesses 

the highest ability to form complexes with various molecules used in chemistry and biology. The 
dehydration of PVCL often serves for biomolecules and living cells microincapsulation. The 
modification of PVCL by fullerenes seems to be an efficient way to improve the functional 
properties of PVCL as a medical polymer assuming the activity of fullerenes against various 
viruses.  

First water-soluble complexes of PVCL with fullerene C60 (PVCL+C60) based on the 
mechanism of charge transfer (polymer→fullerene) have been prepared at IMC RAS 
(St.Petersburg). The study of PVCL+C60 (1.8 % mas. of C60 in dry polymer, mass М = 2.8⋅105) in 
heavy water (polymer content C=0.5 % mas.) by small-angle neutron scattering (SANS, Budapest 
Neutron Center) revealed the changes of polymer chains conformation as induced by coil-globule 
transition around the critical temperature TC ~ 31oC. The behaviour of PVCL and complexes in 
heating-cooling cycle was observed at the scale from monomer size to the gyration radius of 
macromolecules.  

The pure PLCL possesses the neutron scattering cross section 
dσ/dΩ = σ(q) = Ir/[1+(rLq)2] 

where q = 0.1 - 4 нм-1 is momentum transfer, Ir is forward scattering, rL ~ 10 nm is the correlation 
length defining PVCL-coil gyration radius rG = rL⋅√3. Complexes, being globular even below coil-
globule transition, have another cross section 

σ(q) = Ir/[1+(rLq)2] + IR/[1+(RCq)2]2 . 
Here the second term describes the globules with correlation radius RC ~ 7 nm ≥ rL~ 3 nm. 

The length rL compared to PVCL-chain segment is related to coil fragments not incorporated into 
the globular nucleus of complex. Above the critical temperature TC ~ 31oC the PVCL-coils are 
collapsed by three times in volume. At 35-40 oC the formation of concentrated polymer phase via 
interchain association was observed. In the dense phase the concentration fluctuations are observed 
at the scale rL ~ 1 nm that is by an order smaller than the initial coil size before collapse. As 
compared to pure PVCL, the complex exists initially in globular state: the radius of globules RC ~ 7 
is smaller than the correlation length of pure PVCL coils, rL ~ 10 nm. The PVCL in solution 
undergoes a weak association by heating, 20-31оС. The average mass of scatterers is increased by 
factor 1.5. In complex solution such association degree is achieved already at 20oC and the heating 
to the critical point does not change formations' mass. Therefore the collapse of partially ordered 
complexes is less pronounced than this one for PVCL. In the interval 30-33 оС the complex 
globules' correlation radius comes down, RC = 7 nm → 5 nm, but at higher temperatures it 
increases, RC → 10 nm. We have established that the growth of correlation radius is caused by the 
increase of PVCL segmental size.  

Pure PVCL and complex exhibit irreversible structuring. The structure of PVCL and complex 
solutions remains still metastable by cooling from 40 to 20 oC, although complex shows a stronger 
hysteresis as compared to PVCL.  

Chains local conformations have been found from the scattering law at high momentum 
transfer, σ(q) ~ 1/qD, where the exponent D indicates the conformation of macromolecules (D=2, 
D=5/3, D=1 for gaussian chain, chain with excluded volume and strained one). The heating, 20oC 
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→ 31оС ~ TC induces the increase of exponents from DPVCL(T) ~ 1.6, DCOM(T) ~ 1.5 to D ~ 1.7-1.8. 
At 20oC the exponents DPVCL(T) and DCOM(T) are close to this parameter for a chain with excluded 
volume DEX =5/3 that means solvent good quality. The complex chain with hydrophobic fullerene 
demonstrates an anomalous straining as compared to pure PVCL. Both systems approach to θ-
conditions by heating when the quality of solvent becomes worse. Above ТС the macromolecules of 
PVCL and complex become shrunken. However, at segmental scale their fragments are strained and 
the D(T) → 1 achieves the magnitude attributed to rod-like particles. In collapsed state the chain 
fragments in both systems possess strained conformation. The influence of fullerene on the 
conformational properties of PVCL leads to the stabilization of their collapsed state that still 
remains even at ambient temperature. Thus, the fullerene C60 reinforces the functional properties of 
PVCL regarding the incapsulation of different molecules by PVCL collapse.  
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NANOCOMPOSITE PLANAR FILMS OF POLYELECTROLYTE/IRON OXIDE 
NANOPARTICLES 
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a Faculty of nano- and biomedical technology, Saratov State University, Saratov, 410012, 

Russia  
b Max-Planck Institute of Colloids and Interfaces, Golm/Potsdam, D-14476, Germany 
c Faculty of Physics, Moscow State University, Moscow, 119992, Russia 
d Department of Materials, Queen Mary University of London, E1 4NS, London, UK 
gorinda@sgu.ru 
 
In the recent years the increased interest started research of polymer materials with magnetic 

nanoparticles because these materials have good perspectives for applications in the recording 
systems and for storage of information, in the constant magnets and magnetic sensors, medicine, 
nonlinear optics. The layer-by-layer self-assembly (LbL) method can be applied for fabrication of 
planar nanocomposite films and microcapsules [1].  

In present contribution this method was used for preparation of planar nanodimensional films 
composed of poly(allylamine hydrochloride) and aqueous suspension of iron oxide nanoparticles 
(Fe3O4) stabilized by citric acid. Silicon, gallium arsenide and glass substrates were used as 
substrates to deposit multilayers. Initially, the precursor layer of polyethylenimine (PEI) was 
deposited onto a substrate. Subsequent PAH and iron oxide layers were formed via layer-by-layer 
using alternate dipping in polyelectrolyte solution and in nanoparticles suspension by automatic set 
up (Polyion-1M, Saratov, Russia) [2]. 

The refractive index and thickness of nanocomposite films were determined by the 
ellipsometry (wave lengths λ = 632.8 nm and λ = 532 nm). The absorption spectra in the visible and 
UV range were recorded. Ionic composition and concentration profile of the nanocomposite 
coatings was investigated by the method of second ionic mass-spectrometry. The electronic 
paramagnetic resonance (EPR) spectra of planar films were measured. It was found that parameters 
of the EPR spectra were sensitive to the number of iron oxide nanoparticle layers and roughness of 
films.  

It was established that using iron oxide nanoparticles as building blocks of negatively charged 
layer led to the increase of the refractive index as compared to the polyionic layers without 
magnetite nanoparticles. Dependence of refractive index on the number of layers had nonlinear 
behavior. This could be explained by nonlinear growth of volumetric fraction of iron oxide 
nanoparticle with the number of layers.  

Thus, the found dependences of physical parameters and composition of nanocomposite films 
on the number of layers may be applied to control magnetic and optical properties of 
nanocomposite coatings. 

The work was supported by German-Russian cooperation project DFG 436 RUS 113/844/0-1 
and RFBR (06-02-04009). 

 
1. D.V.Andreeva, D.A.Gorin, D.G.Shchukin, G.B.Sukhorukov // Macromol. Rapid Commun. 

2006, 27, 931-936. 
2. S.A.Portnov, A.M.Yashchenok, A.C.Gubskii, D.A.Gorin at. el. // Instruments and 

Experimental Techn., 2006, 6/2. 
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DYNAMICS OF DEVELOPMENT OF FUNDAMENTAL RESEARCHES IN 
NANOTECHNOLOGIES IN RUSSIA 

(ACCORDING TO THE RESULTS OF THE COMPETITIONS OF RUSSIAN 
FOUNDATION FOR BASIC RESEARCH) 

 
A.Balyshev 
 
RFBR 
 
In order to evaluate dynamics of development of fundamental researches in nanotechnologies 

in Russia the analyses of all projects supported by RFBR in this field during last four years has been 
executed.  

The main tendency is to increase the number of such projects from 61 projects in 2003 to 395 
projects in 2006 (Pic.1).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is important to investigate the character of the distribution of projects in different scientific 

fields. For example in the year 2003 the number of projects in physics was especially high - 85%, in 
the year 2006 the share decreased to 37%, and in the same time the share of fundamental 
engineering and chemistry averaged 23% and 29% correspondently (Pic.2).  
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Accordingly to the theme of this conference it’s necessary to reveal a small number of 

projects in biology and medicine.  
As to the geographical distribution of projects: the main part of projects comes from Moscow 

region – 57%; Central region and North-Western region follow it with 14% and 10% (Pic.3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
So it’s important to summarize that during the years 2003 – 2006 the part of projects in 

nanotechnologies supported by RFBR noticeably increased, the part of projects in physics science 
was reduced. It is evidence that the nanotechnologies penetrate into all of science fields. 
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DIAGNOSTICS OF BIOMEDICAL NANO- AND MICRO- PARTICLES 
BY OPTICAL METHODS 

 
Alexandra G.BEZRUKOVA 
 
Faculty of Medical Physics and Bioengineering, 
St.Petersburg State Polytechnical University, Polytechnicheskaya street 29, 
St.Petersburg 195251, Russia    
E-mail:  bezr@PB1097.spb.edu 
 
Ensembles of nano- or micro- sized biomedical particles in media can be considered as three-

dimensional (3D) disperse systems (DS) with particles as disperse phase in various dispersive 
media [1]. Multiparametric analysis of optical data can provide further progress for diagnostics and 
detailed characterization of 3D DS. Taking into account optical theory and results of investigations 
can help to elaborate sensing elements for on-line control of specific particles. 3D DS 
multiparametric optical characterization includes: a) the simultaneous measurements of dispersion 
by different compatible nondestructive optical methods such as refractometry, absorbance, 
fluorescence, light scattering (integral and differential, static and dynamic, unpolarized and 
polarized), and b) solution of inverse optical problem by different methods among which are 
modern technologies of data interpretation by information-statistical theory. For this purpose it is 
necessary to have information about optical parameters of different 3D DS. Our research has 
investigated for the Bank of Optical Data for Disperse Systems (BODDS) such 3D DS with nano- 
and micro- particles: proteins, nucleoproteins, lipoproteids, liposomes, viruses, lipid emulsions, 
blood substitutes, latexes, liquid crystals, biological cells with various form and size, metal 
powders, clays, kimberlites, zeolites, oils; and mixtures - proteins and nucleic acids, liposomes and 
viruses, liposomes carrying various substances (X-ray contrast agents, metallic particles, enzymes, 
viruses, etc.), liquid crystals with surfactants, mixtures of biocells with clays, samples of natural 
waters, etc. [2-6]. By optical methods it is possible to determine parameters of 3D DS state (mean 
equivalent diameter and number of particles, mean refractive index and mass of disperse phase, 
number and mass distributions) and parameters of particle structure: form and thickness of shell. 
Due to the fusion of various optical data it is possible to solve the inverse physical problem by 
methods of information-statistical theory for the diagnostics of impurities in mixtures (viruses, 
biological cells, etc.). At this case the polymodaliuty of particle size distribution is not an obstacle. 

References: 
1. Vitaly J.Klenin "Thermodynamics of Systems Containing Flexible-Chain Polymers", 

Elsevier, 1999, p850. 
2. Alexandra G.Bezrukova, Proceedings of SPIE, V. 3107 (1997) 298-304. 
3. Alexandra G.Bezrukova, Material Research Society Proceedings, V.711 (2002), paper FF 

7.9., 4 pages. 
4.Olga L.Vlasova, Alexandra G.Bezrukova, Proceedings of SPIE,V.5127(2003)154-158. 
5. Alexandra G.Bezrukova, Development of Nano- and Micro- Particles Optical 

Characterization, CD: 2006 Spring National Meeting Conference Proceedings, New York: AIChE, 
2006, 6 pages. 

6. Alexandra Bezrukova, Proceedings of SPIE,V.6253(2006)62530C-1 - 62530C-4. 
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DETONATION NANODIAMONDS IN BIOLOGY – DEVELOPMENT AND 
CREATION OF NEW NANOTECHNOLOGIES 

 
V.S.Bondar, A.P.Puzyr, A.G.Degermendzhy, J.I.Gitelson 
 
Institute of Biophysics SB RAS, Krasnoyarsk, Russia 
 
Detonation synthesis of nanodiamonds was launched in Russia more than 40 years ago. The 

typical size of the diamond nucleus of nanoparticles (4-6 nm) provides for a highly developed 
surface of material (up to 300-420 m2/g), high mechanical stability and resistance to aggressive 
environments. The surface of nanoparticles reveals a sufficient number of chemically active 
functional groups (carboxylic, carbonylic, hydroxylic, etheric, sulfhydrilic, etc.), hydrocarbonic 
fragments and trace metals. Due to these features, nanodiamonds are able to show good sorption 
properties towards biological macromolecules, metal ions and various chemical compounds. Thus, 
nanodiamonds can be regarded as new adsorbents that have many potential applications in various 
spheres of biology. 

Such material has never been used as adsorbent – for example, for isolation and purification 
of biopolymers. We were the first in the world practice to establish that nanodiamond particles 
effectively adsorb protein molecules (up to 0.5 mg of protein on 1 mg of particles) and can be used 
as adsorbents for solution of many biochemical problems connected with isolation and purification 
of proteins. It is possible to use nanodiamonds for isolation of the sought-for proteins from various 
sources, carry out separation and afterpurification of proteins in preparations supplied by 
commercial companies. 

The technologies of protein isolation using nanodiamonds are marked for: 1) quickness 
(purification procedure takes 30-50 minutes); 2) simplicity (doesn’t require chromatographic 
equipment); 3) efficiency (the yield of highly purified and homogeneous proteins is 35-60%); 4) 
possibility of simultaneous protein concentration. Various protein molecules can be adsorbed on the 
surface of nanoparticles both by way of forming covalent and coordination links, ion-exchange and 
hydrophobic interactions, and by way of multipoint binding where several mechanisms are involved 
at the same time. Due to this fact, nanodiamonds can be applied as universal sorbents allowing to 
carry out ligand-exchange (metal-chelate), covalent, ion-exchange and hydrophobic 
chromatography. In the course of one procedure different ways of separation can be used, which has 
been impossible so far, as none of the known sorbents produced by the leading companies all over 
the world allows to do this.  

Experiments showed that enzymes adsorbed on nanodiamonds retain catalytic activity. This 
became a prerequisite for creation of indicator systems in which nanodiamond particles having 
marker proteins on their surface act as sensing elements. Using nanodiamonds and light-emitting 
proteins (obelin, luciferase) we constructed supramolecular structures on flat substrate and showed 
principal possibility of application of the obtained test systems (biochips) in bioluminescent 
microanalysis. It was established that nanodiamond particles are able to simultaneously adsorb 
several enzymes which catalyze the chain of consecutive reactions preserving their activity. We 
demonstrated the possibility of multiple use of the obtained complex for cholesterol testing. The 
new class of indicator systems based on nanodiamond-marker protein(s) complex can be applied in 
various spheres of biology (biochemistry, biophysics, ecology) and medicine. 
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THE DEVELOPMENT AND RESEARCH OF SORBENTS FOR 
NANOBIOTEHNOLOGY 

 
A.V.Brikalov, E.V.Belik, E.M.Golovkina, F.A.Bostanova 
 
Stavropol State Agrarian University, e-mail: chimi@stgau.ru 
 
Over molecular multi component nano-structures, compositional sorbents are interesting 

branch in all spheres of chemistry sorbents, synthetic polielectrolits, immobilisative biosensors 
produced on the basis of nanofabrication are used as hard-phased analytical systems for sorption 
spectro-scopical express-determination of objects of environment as high selective materials for 
cleaning and separation of active biological substances. 

The aim of the work is to get sorbents on the basis of silicate with certain content and 
structure for the next use in cleaning of active biological substances; also as application materials 
with regulative adsorptive antimicrobial and prolong attributes. 

Silicate sorbents are synthesized by the method of molecular stratification for coordinative 
ionic immobilization active biological substances from medicinal plants. The chemical content and 
structure was studied in accordance to data of IK-spectroscopy and spectrums of diffusive 
reflecting. 

It was revealed that chromophoric metals which are in silica, increase the absorption in the 
spectral sphere (200 – 400 Hm); cobalt and manganese give the wide line of absorption; copper 
promote the shift of the characteristic line of absorption in the short-wave sphere. 

In accordance to data of the electronic microscopy the microstructure of sorbents is 
established by the combination of superficial parts of amorphous formations with the toothed 
structure. By the modification of the content of many-component nano-structures the directional 
regulation of the acid properties of sorbents was reached within the meanings of the balance 
constants of the ionic exchange (0.38 * 10-5 – 0.84 * 10-5). 
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FULLERENES AND CARBOHYDRATE-BASED DRUGS: MUTUAL 
TRANSPORTERS 

 
Lilia S.Denisova, Pavel P.Yakutseni 
 
St. Petersburg State Polytechnic University, St. Petersburg, Russia 
 
Carbohydrates have emerged as a significant new approach to drug discovery. Carbohydrate-

based drugs are divided into several therapeutic classes: diabetes, gastrointestinal, central nervous 
system, infection, thrombosis, inflammation, and enzyme replacement.  

By methods of molecular mechanics it was found meaningful interaction between fullerenes 
and carbohydrate-based drugs. The enthalpic part of Gibb’s energy for such an interaction changed 
according to drug’s srtucture and ranged from -10 to -4 kcal/mol. The most significant interaction 
was observed in the case of drug consisted almost fully of carbohydrate residua. Less significant 
interaction corresponded to complexes of fullerenes and drugs contained aliphatic structures. 
During the interaction drug molecule conformed the way so as to round C60 within collar-like 
structure. At that fullerene was found 3-6 Ǻ away from the drug after simulation. It was revealed 
that one fullerene can enter into interactoin with 6-8 drug’s molecules simultaneously. Case of C60 
complex with single drug molecule is more preferable. Such complexes are reversible: drug 
molecules turn to their initial conformations after C60 extraction out of the simulated system. 

For both cases isolated drug and drug in complex with fullerene the most favorable 
conformations were revealed using conformational search in molecular mechanics force field. The 
most abundant structures of this complexes looked alike: carbohydrate components in drugs turn 
their side surfaces to fullerene and this way determined energy of the interaction. In most of cases it 
was noticed that C60 bend drug’s structure causing one of the most energetically favorable 
conformations.  

Being hydrophilic carbohydrate-based drugs confront with difficulties in penetration through 
cell barriers. In our work we suggested fullerenes as carrier for carbohydrate-based drugs. 

Due to unique physical and chemical properties fullerenes C60 considered as self-depended 
and perspective candidates for treatment of different diseases. From this point of view 
carbohydrate-based drugs can serve as fullererne’s transporters into water compartments of living 
systems. 

The fact of interaction between fullerenes and carbohydrate-based drugs represent wonderful 
posibility for using this molecules as mutual transporters. It can help to manage number of main 
problems of delivery too hydrophobic and too hydrophylic molecules in general and fullerenes and 
carbohydrate-based drugs especially.  

 
Conclusions: 
Fullerenes form complexes with carbohydrate-based drugs. 
Energies of interaction for complexes changed rapidly according to drug’s structure. 
Fullerenes and carbohydrate-based drugs can be mutual delivering agents.  
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ON LINE ENCYCLOPAEDIA IN GENETICS FOR PURPOSES OF EDUCATION IN 
NANOBIOTECHNOLOGIES 

 
Sergey E.Dromashko & Nikolai A.Kartel 
 
Institute of Genetics and Cytology, National Academy of Sciences of Belarus, Minsk, Belarus 
 
Elena N. Makeyeva, Johns Hopkins 
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Aleksei Yu.Kukharenko 
 
Belarusian State University of Informatics and Radioelectronics, Minsk, Belarus 
 
Last decades of ХХ century are characterized by rapid development of genetics, molecular 

biology, biotechnology, and bioinformatics. The level of knowledge achieved in understanding of 
heredity mechanisms and elaboration of research methods made it possible to proceed to directed 
engineering of heredity molecules, individual cells and entire organisms. New prospective trends of 
investigations – genetic engineering and biotechnology arose. Achievements of these sciences are 
widely used now in medicine, agriculture and industry. As a result, we have a vast body of new 
concepts, definitions, terms, symbols that early did not occur in biological literature. It is difficult 
even for a specialist to orientate in new molecular-genetic terminology, not speaking about engineer 
or programmer. Besides, sometimes several terms are used for definition of one and the same notion 
in literature or one and the same term has different meanings. Problems associated with true use and 
interpretation of the meaning of many terms and designations arise often. For example, we can find 
terms ”bioinformatics”, “computational biology”, “biology in silico” or “informational biology” 
which are used for describing one and the same field of biological investigations. 

That is why the organizing of information within the framework of particular fields of 
biological knowledge and creation of certain clearly and unambiguously interpreted conceptual base 
in the form of electronic encyclopaedias and problem-oriented libraries is one of the key tasks 
among the problems of integrating information resources for scientific and educational purposes in 
biology. Solution is possible by creating and spreading the corresponding products both on CD 
disks and via Internet on line mode. Remote access to information resources is more promising 
since it provides timely renewal of problem-oriented information, its enrichment owing to the 
results of new investigations.  

Electronic biological dictionaries, available via Internet, first of all in genetics, are not 
numerous and at the best represent HTML pages with hyperlinks, i.e. they are not equipped with 
reference-retrieval systems. Besides, most of them are intended for the English user. They are 
Genomics Lexicon – database developed by Pharmaceutical Research and Manufacturers of 
America, A Genetics Glossary – elaboration of University of Edinburgh, as well as dictionary 
Glossary of Genetic Terms, available in site of Human Genome Management Information System, 
Oak Ridge National Laboratory, the dictionary Gentechnik-Lexikon, compiled by Interpharma, 
Swiss Pharmaceutical Research Companies, in German, etc. There are no Russian professional 
dictionaries in genetics and biotechnology in Internet. Some examples of biological and genetic 
terms in the popular scientific form can be found in Runet on Glossary site. 

When creating electronic encyclopaedia, we took into consideration our experience of work 
with databases and WEB design. Standard information technologies and software, usually applied 
for creating documents in HTML and JPEG formats, were used in this project. Particularly, we used 
a relational database MySQL, Windows 2000 Server platform and programming language Perl. 

As a first step of the project we have created a Russian/English electronic version of genetic 
dictionary based on the printed book “Genetics: Encyclopaedical Dictionary” by Kartel at al. 
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(1999). The remarks made after book publication were corrected in the dictionary, with some terms 
being defined more exactly with due account of materials that appeared in English literature in 
2000–2003. We also plan to use an experience in applied genetics and biotechnology of “Russian–
English–Ukrainian Dictionary with Definitions on Applied Genetics, DNA-Technology and 
Bioinformatics” by Glazko & Glazko (2001) and some other. The capacity of electronic version in 
HTM format is above 30 MB. The dictionary is provided with a vast system of hyperlinks. 
Electronic encyclopaedia contains about 5 thousand glosses, explaining the meaning of terms in 
general and molecular genetics, genomics and bioinformatics and above 80 illustrations. Its URL is 
http://biobel.bas-net.by/igc/en/lexicon.html. On the whole the prepared product fills a gap that 
existed in the system of Russian problem-oriented electronic dictionaries and may be used in 
distance education in bioinformatics and nanobiotechnology  

At present there are no similar elaborations on problems of general and molecular genetics in 
Russian in Internet. The developed information retrieval system (encyclopaedia) will be able to 
become a model for working out ontology libraries in other fields of information technology 
applications for needs of genomics, in particular in studying molecular-genetic control systems, 
gene networks, etc. For example, it can be integrated with available databases on molecular-genetic 
information, such as a GeneNet, for giving users the opportunity to carry out “computer 
engineering” experiment and “to participate” interactively in the process studied. 

In the future we suppose to enlarge our on line genetic encyclopaedia in order to create an 
active school-book, i.e. upcoming dictionary, being completed by users. Such a system could have 
the structure as follows: «List of Parts» → «List of Glosses» → «Main Gloss» (definition, 
commentary, examples, illustrations, crosslinks) → «Feedback with Rubrics». Every user can be 
registered on the site after indication of his/her name, position, scientific/academic title, place of 
work/study, postal address and e-mail to avoid an intrusion of «pseudo-scientific hooligans». Such a 
registered user will obtain remote access to «Feedback with Rubrics» and an individual code to 
place own materials in possible rubrics of «Feedback» (for example, «Definitions», 
«Commentaries», «Questions», «Thoughts», «Tasks»). The editorial board will estimate if this new 
information is adequate to rubric proposed and edit (but not censore) all correspondence. This 
active well-illustrated school-book can be useful for training specialists in the field of 
nanobiotechnology – geneticists, molecular biologists, biotechnologists and programmers (in 
bioinformatics). 

The research was supported by the Belarusian Republican Foundation for Fundamental 
Research (Grant B03-060). 
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PLASMA NANOTECHNOLOGY - THE TOOL OF REGULATION OF DEVELOPMENT 
OF BIO OBJECTS 

 
M.A.Feodorov1, D.A.Filippov1, A.K.Fillippov1 
 
1 “PLASMAS” Ltd, post box 102, 191123, Saint Petersburg, Russia 
E-mail: plasmas@icomefrom.ru  

 
Plasma nanotechnology on bio objects their growth, development and other parameters, 

without infringement of gene structure allows to adjust influences. 
In particular, plasma nanotechnology processing of seeds of plants allows to adjust and 

improve such properties of seeds and plants, as: energy of germination, field germination , stability 
of plants to fungicide and bacterial diseases, safety of seeds and grains in conditions of long storage, 
acceleration of rates of growth and development of plants on various fenofas increase of 
productivity of plants, increase of the maintenance{contents} in fruits of vitamins, fibers, amino 
acids, micro-and macro-elements and others.. 

Plasma processing of bio objects is carried out in conditions of the high-frequency plasma 
category at the lowered pressure in the environment of gas (for example - air) in the special unique 
plasma equipment. 

Plasma at such processing shows properties of a biological - active substance and allows in a 
complex or to adjust and change selectively properties and quality of seeds of plants, other bio 
objects. 

Plasma nanotechnology has advantage in effect and as a result on the complex, multifactor, 
balanced influence on seeds, in comparison with such known ways, as: stratification, an irradiation 
electric or a magnetic field, a ultra-violet and laser irradiation, etc. 

Plasma processing possesses complex influence on all seed - on a protective environment, on 
cotyledons, on endosperm, on a germ, on cells {cages} on atomic or on nanoscale. It is caused by 
presence and equation of such factors in the plasma category, as: temperature, pressure, humidity, a 
ultra-violet irradiation ("soft" biological area of a spectrum). The electric field, a magnetic field, 
ozone, atomic oxygen, active components of the gas plasma category (ions, электроны, molecules, 
atoms, the radicals, the excited particles of plasma) render the coordinated influence on seeds. 

In plasma processing seeds of plants are absent: sharp (shock) factors (mechanical, chemical, 
electromagnetic, light, power) influences on seeds. There are no harmful chemical elements and 
connections. 

There are no gene changes in structure of seeds. 
Germinating power seeds of plants on 10%-20 %.raises Growth and development of plants is 

accelerated, productivity of plants on 20 - 50 % and more raises. The green weight of fodder plants 
on 20 increases - 50 %. Morbidity plants decrease on 30 - 50 % and more. In leaves and fruits 
vegetable and forage crops of an ascorbic acid (on 30 - 60 %), fibers (the maintenance {contents} 
increases for 10-15 %), sugars (on 30-70 %), organic acids (on 20 - 70 %), nitrogen, phosphorus, 
potassium (on 15-40 %), 

Plasma nanotechnology allows to inactivate biological activity or completely to sterilize bio 
objects under other conditions of processing. For example, to carry out full sterilization of such bio 
objects, as microbes, disputes, mycelium. 
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SELF-ORGANIZING COMPOSITE NANOSTRUCTURES CONTAIN ON THE 
MODIFIED NANOMATERIALS 
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With use modified carbon multiwall nanotube (MWNT) samples self-organizing composite 

nanostructures are received on the basis of polymeric materials (Teflon, PVA), metal (Gallium) and 
alloys (AlMg), having not ordinary physical properties. 

Received polymeric nanostructures have well defined regular structure. This structure formed 
spontaneously during formation polymeric nanocomposite, has regular clots, loop nanomaterial, 
located on concentric circles. 

MWNT, located in loop, have mainly focused arrangement on a direction from the center of 
concentration (Photo1). 

Metal Gallium (Ga) has temperature of fusion Т m ≈ 32˚С.  
At Т ≤ Т m metal gallium usually passes in a firm condition. 
Composite nanostructure basis on Ga with modified multiwall carbon MWNT keeps a liquid 

phase condition at Т below 32˚С (it is checked up to Т =17˚С) under condition of open atmospheric 
storage during 6 months. 

The alloy aluminium - magnesium (AlMg) with additives modified carbon MWNT in quantity 
{amount} ≤ 1 % of weights has been prepared. Fusion it was carried out {it was spent} in induction 
crucible. Weight of forming 1kg. After end swimming trunks, casting in the form of the cylinder 
cooled down on air up to Т ≈ 20˚С. Then this cylindrical casting has been sawn on some equal parts 
and parts again have been combined together. In such combined (connected) condition received 
composite material has spontaneously heated up to Т ≈ 80˚С.  

In such spontaneously heated up condition up to Т ≈ 80˚С composite nanostructures (on the 
basis of alloy AlMg with addition modified carbon MWNT) was within approximately 15 hours. 

Properties of the received composite nanostructures are investigated. 
 

 
 

Photo1. Polymeric self-organizing composite nanostructures. 
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At a stage of creation of composites models are developed for calculation local stress fields. 

Construction of the mathematical models explaining essential influence of small weight additives 
nanoparticals on effective deformation and strength property nanocomposites on the basis of 
polymers, metals and alloys. 

On the basis of models will be designed thermo-shrinkage residual stress arising on 
nanoparticals. Their role in formation of transition layers is investigated. Will be advanced non-
uniformly scaled  models for a prediction of effective properties nanocomposite depending on their 
structure. 

Samples polymeric electroconductive nanocomposit film are received on the basis of 
multiwall carbon nanotubes (Carbon MWNT), modified in plasma.  

Electric, optical, mechanical and strength properties are investigated.  
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AN EFFECTIVE ALGORITHM OF PARAMETER FITTING IN GENE CIRCUITS 
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Abstract 
We consider some problems of pattern formation in Drosophila segmentation gene system, which 
are under great attention last decade [1, 2, 3]. As a mathematical model, we use gene circuits 
proposed 
by Reinitz et al. [1, 2]. These circuits are similar to the well-known Hopfield model for attractor 
neural 
networks [4]. Among a number of circuit models these circuits have some advantages. The 
following 
results were previously obtained for circuits of this type: 
I For gap gene system in Drosophila these models fit data better than the corresponding logical 
models [3]. 
II Provided additional "hidden" genes, they are capable to approximate any time sequences of 
spatial patterns [5, 6, 7]. 
III They are stronger than reaction-diffusion models, i. e. they can simulate a reaction-diffusion 
system of any type [7]. 
IV A modular structure of gene circuits can be explained [5, 6, 7]. 
The goal of this paper is to describe a new effective analytically-numerical approach performing 
fitting procedure in the gene circuits with layered expression patterns. We apply this method to find 
parameters providing correct pattern formation in the Drosophila gap gene circuit. The layered form 
of the patterns means that the expression patterns of different genes get formed in almost disjoint 
spatial domains and overlap only at the domain borders. 
The proposed approach consists of two steps. At the first step, we find an approximation to 
parameter values by asymptotic analysis of attractor structure and dynamics in the limit of steep 
sigmoid interactions between genes. At the second step, this approximation is used as a starting 
point 
in parameter optimization in the full model by usual steepest descent optimizer. 
The analytical part of the approach prescribes a specific attractor structure for equations with step 
function interactions, which is qualitatively consistent with actual spatial patterns of gene 
expression. 
The model dynamics is then forced to follow the attractor by setting appropriate initial conditions, 
combined of maternal protein gradients. The pattern formation mechanism is thus based on the 
interplay between circuit parameters and maternal spatial information. In particular, the following 
features of the circuit topology have appeared to play the key role: four gap genes hb, Kr, gt, and 
kni 
repress strongly each other, while they can have a weak positive autoregulation. These features are 
consistent with results of previous studies [2]. 
There are two advantages of the algorithm presented, compared to other approaches [2, 3]. First, 
it greatly reduces an overall computational time needed for parameter optimization. Typically, the 
fitting procedure takes a long running time (about 20000 hours for parallel simulated annealing [2] 
 

and hours for recent, more sophisticated, approaches [3]). The first parameter approximation 
in our method can be done just within minutes on a personal computer. The model solution at these 
approximate parameter values are very close to expression patterns from data at the end of cleavage 
cycle 14A. This fact enlarges the probability that the approximate parameter values lye in a vicinity 
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of 
a good-quality local minimum of an objective functional in the steepest descent optimization 
method. 
That is why, starting a local optimization from this point in the parameter space, we can arrive at 
good patterns in a short time, without having to apply stochastic methods. 
The second advantage is that the analytical estimation of parameter values, used at the first step 
of the method, reveals a clear logic of pattern formation in the model. As a consequence, we can 
explain, for example, why the dynamics at the chosen parameter values is more sensitive to 
variation 
of some parameters than to variation of others. This understanding can be used for unfolding ways 
of how to improve model robustness. 
Our method can be applied to any system exhibiting formation of layered patterns. In particular, 
one can estimate the number of hidden genes which are necessary to explain experimental data. 
Acknowledgments. V.V.G. and K.N.K. gratefully acknowledge the support by NIH Grants 
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V.V.G. 
and S.V. thank the support by ACI IMPBio and University of Rennes 1 during their stay in Rennes 
University. 
References 
[1] E. Mjolness, D. H. Sharp, and J. Reinitz, A connectionist model of development, J. Theor. Biol. 
152 (1991) 429453. 
[2] J. Jaeger, S. Surkova, M. Blagov, H. Janssens, D. Kosman, K. N. Kozlov, Manu, E. 
Myasnikova, 
C. E. Vanario-Alonso, M. Samsonova, D. H. Sharp, J. Reinitz. Dynamic control of positional 
information in the early Drosophila embryo, Nature 430 (2004) 368371. 
[3] T. Perkins, J. Jaeger, J. Reinitz, L. Glass Reverse engineering the gap gene networks of 
Drosophila melanogaster, PLOS Computational biology 2(5) (2006); e51.DCII, 10.1371/journal 
pcbi 00120051 
[4] J. J. Hopfield, Neural networks and physical systems with emergent collective computational 
abilities, Proc. of Natl. Acad. USA, 79 (1982) 25542558. 
[5] S. Vakulenko, D. Grigoriev, Complexity of gene circuits, Pfaffian functions and the 
morphogenesis 
problem, C. R. Acad. Sci, Ser I. 337 (2003) 721724 
[6] D. Grigoriev, S. Vakulenko, Algorithms and complexity in biological pattern formation problem 
Annals of Pure and Applied Logic 141 (2006) 412428 
[7] S. Vakulenko and S. Genieys, Patterning by genetic networks, Mathematical Methods in 
Applied 
Sciences, 29 (2005) 173190. 

 76                                      
 



“INVESTIGATION OF AN INFLUENCE OF CYTOTOXICITY OF ZIRCONIUM 
OXIDE (ZRO2) AND A SOLID SOLUTION (ZR0.98EU0.2O1.98) ON THE BASIS THEREOF, 

WHICH HAS NANOCRYSTAL STATE ON L-41 CELL LINE” 
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An object of the present investigation is a study of biological characteristics of the preparation 

in the form of suspension of the zirconium oxide (ZrO2) nanoparticles and the solid solution (ZrO2 – 
1 mol.% Eu2O3) on the basis thereof. A method of dehydrotation of a precipitated hydroxides in the 
hydrothermal condition has been used in order to produce nanocrystals such as ZrO2, ZrO2-Eu2O3. 
As a result of the method, the nanocrystals with average size about 10-18 nm were produced from 
an initial amorfic material. Each preparation consists of two fractions – suspension of nanocrystals 
having size less then 10 nm, wherein this suspension was highly diluted with water and a precipitate 
comprising agglomerated nanocrystals having size about 10-18 nm.  

Tests have been carried out on cell line L-41 monolayer in respect of all four fractions in a 
broad range of concentrations, which were differed from each other hundredfold almost. The 
following characteristics were studied: cytotoxicity, prolifirative activity and a metabolic activity 
level, which was determined spectrophotometrically by a method of MTT-test. 

96-wells plastic plates with inoculated cells were used for determining the cytotoxicity. The 
changes were registered visually within 1-10 days under the staining by intravital stain on the 
cytological preparations. 

A proliferative index has been calculated as a relation of a harvest of the test-cells to a harvest 
of the base-cells. 

MTT-test was carried out by the monolayer of the test-cells and base-cells, which have been 
grown on the 96-wells plastic plates. A concentration of substances and terms of contacts between 
the cells and preparations were varied. 

The following has been established. Distinct cytotoxicity lacks both in structure of a confluent 
monolayer and in the cells, including exposure to high level concentrations (relation of nutrient 
medium to tested fractions was 10:3). Even in the case of presence of a significant amount of solid 
phase fractions of studied nanocrystal compounds, the changes of general morphofunctional 
characteristics of the cells were not observed.  

A stimulating effect of small homeopathic quantities of the zirconium oxide nanocrystals in 
respect of the prolifirative activity of the cells was demonstrated. A value of the proliferative index 
for the cells which were cultivated in the presents of the zirconium oxide was more then value for 
base-cells in 1.26-1.7-fold. For the nanocrystals based on solid solution Zr0.98Eu0.2O1.98, these values 
were comparable with base ones. 

Using the MTT-test the following was found: all studied fractions not only depressed 
metabolic activity of the cells L-41, but small concentrations were increased the metabolic activity 
in 1.4-1.6- fold.  

In such a way the following conclusion may be done. Nanocrystals Zr0.98Eu0.2O1.98 exerts a 
positive influence to the cells in vitro. The absence of cytotoxicity, stimulation of the metabolic and 
proliferative activity evidences about it. The compounds are perspective as candidates for further 
investigations of them biological properties and pharmacology using.   
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SEMICONDUCTING AND PHOTONIC CHARACTERISTICS OF BIOLOGICAL 
OBJECTS 

 
A.V.Ilinskii*, A.L.Orbely*, V.O.Samoilov**, E.B.Shadrin*. 
 
* Ioffe Physical-Technical Institute of Russian Academy of Sciences. 
** State Politechnical University of Saint-Petersburg. 
 

With the help of spectral, atomic-force, X-ray and thermoconductande methods samples a of 
human horn skin, material of molluscs bowls and elements wing of the peacock are investigate. The 
existence in these objects of the ordered superstructures is revealed. The indication on effective 
interaction with these structures both electronic, and electromagnetic waves are received. It is 
shown, that the interaction with electronic waves reveals semiconducting, and interaction with 
electromagnetic waves - photonics properties of biological objects.  
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OPTICAL LIMITING OF THE LASER BEAM IN THE NANOTUBE- AND 
FULLERENE-DOPED STRUCTURES IN THE VISIBLE AND NEAR INFRARED 
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The nonlinear optical absorption of promising nanotube-doped gels and fullerene-doped thin 

films has been studied in the broad spectral range. The pulsed nano- and femtosecond lasers at 
wavelength of 532, 805 and 1080 nm have been used to investigate the level of attenuation and laser 
strange of the structures [1]. The AFM-images of the thin films deposited on the glass and the 
quartz substrates have been obtained. The mechanisms of the process established based on carrier 
free absorption and charge-transfer complex formations have been discussed. The area of 
application of new materials treated has been shown 
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PHOTOPHYSICS OF FULLERENE- OR NANOTUBES-CONTAINING 
NANOSTRUCTURES: SWITCHING OF LASER BEAM, CHANGE IN SURFACE 

ANISOTROPY BY SURFACE ELECTROMAGNETIC WAVE TREATMENT, INCREASE 
IN PHOTOREFRACTIVE INDEX 
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Vavilov State Optical Institute,12, Birzhevaya Line, St.- Petersburg, 199034, Russia, *e-mail: 

nvkamanina@hotmail.com (NatalieV.Kamanina, Dr.Sci., PhD). 
 
The spectral, nonlinear optical properties, dynamic parameters and interface conditions of 

organic systems based on pyridine, polyimide, polyaniline, liquid crystal, etc. has been studied 
when nanoobjects (fullerenes or nanotubes) have been used. Both the self-organization features and 
drastic increase in the refractive index, as well as switching of the electrooptical response has been 
shown. The new method to decrease the relaxation time of the conjugated materials using surface 
electromagnetic wave has been considered. The application of the nanostructures studied in laser 
technique, display and medicine has been discussed [1.2]. 
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FORMATION OF DNA NANOSTRUCTURES IN SOLUTION INDUCED BY 
MULTIVALENT IONS 
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Nanotechnology exerts significant influence on the development of new materials and devices 

in recent years. Nano-dimensions is the typical scale for biological systems. The understanding of 
self-assembling complex formation for nucleic acids and proteins can give us the possibility of new 
applications for biological macromolecules as components in nanostructures. DNA is a particularly 
promising candidate to serve as a construction material in nanosciences. Studies on nanostructures 
using DNA and biomolecules can give us the possibility of new applications for medicine and 
pharmacology. Self-assembling complexes of proteins and nucleic acids are of fundamental 
importance for living systems. The self organization of ordered structures with DNA in solution 
induced by different agents plays an effective role in constructing nanoparticles. High charge 
density and the considerable rigidity of double stranded DNA promote the possibility of ordered 
structures formation. Multivalent cations are known to condense DNA into higher ordered 
structures, including toroids and rods. Although understanding of these interactions remains 
incomplete. We have investigated DNA interaction with spermidine, poly –L-lysine, Fe3+, La3+, 
Co(NH3)63+ in a solution by the methods of atomic force microscopy, circular dichroism, dynamic 
light scattering, low gradient viscometry, flow birefringence. It was shown that the shrinkage of 
high molecular DNA induced by multivalent ions is accompanied by intramolecular reorganization 
of polymer chain. The appearance of mutually oriented DNA segments precedes DNA 
condensation. The comparison of DNA packaging induced by trivalent ions and polycations is 
presented. Polycations (poly-L-lysine) can cause DNA packaging at greater concentration of 
positive groups than trivalent ions. The main purpose of our work was to compare DNA 
condensation induced by small multivalent ions and polycations. Our special interest was to 
investigate DNA conformational change before condensation. The experiment has shown that the 
volume and persistent length of DNA do not change essentially at low cationic polymer 
concentration in a solution in contrast to DNA-trivalent cation interaction. DNA packaging in 0.005 
M NaCl was induced at polycation concentration providing charge ratio N/P ≈ 1. Secondary DNA 
structure in complexes was not disrupted, and DNA was protected from protonation. It is well 
known that an addition of small counterions (metal ions) into DNA solution causes its shrinkage. At 
the same salt concentration the increase in valency of counterions leads to greater reduction of DNA 
volume. The comparison of DNA packaging induced by polycations and well known condensing 
agents hexamminecobalt (III) Co(NH3)6

3+ and spermidine (Spd) was done. 
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POLY-N-VINYLPIRROLIDONE COMPLEXES WITH SULFONATED 
TETRAPHENYLPORPHINES 
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We studied interactions of two sulfonated tetraphenylporphine derivatives (H2TPPS4(HCl)2 и 

CuTPPS4) with poly-N-vinylpirrolidone (PVP) in aqueos solutions by small-angle neutron 
scattering, dynamic light scattering visible spectrophotometry and viscometry. Porphyrin molecules 
form complexes with PVP, making polymer chain charged, and lead to PVP coils compacting due 
to their hydrofobia. PVP is low toxic and biologically compatible, it is widely used in medicine [1]. 
Tetraphenylporphines are active against human immunodeficiency virus [2] and may be used as 
photosensitizer in photodynamic therapy [3]. Some antiviral medicines could be produced on the 
base of studied complexes. 

These systems were investigated as a model for another system, studied earlier – DNA with 
sulfonated metal diphthalocyanines. DNA molecules in aqueos-salt solutions also appeared to form 
complexes with sulfonated diphthalocyanines in despite of the fact, that they are negatively 
charged, like DNA. 

 
Yu.E.Kirsh. Poly-N-vinylpirrolidone and other poly-N-vinylamides. M., “Nauka”, 1998. 

p.252. 
A.N.Vzorov, D.W.Dixon, J.S.Trommel et al. // Antimicrob. Agents Chemother. 2002. V.46. 

№12. pp.3917-3925. 
H.I.Pass. // J. Nat. Cancer Inst. 1993. V.85. №6. pp.443-456. 
M.A.Sibileva, Yu.V.Kul’velis, A.I.Sibilev, P.N.Moskalev // Russ. J. Phys. Chem. 2005. V.79. 

Suppl. 1. pp.S60-S65. 

 82                                      
 



PERSPECTIVE CARBON NANOMATERIALS FOR ELECTRODES 
LITHIUM - IONIC ACCUMULATORS WITH HIGH ELECTRIC PROPERTIES 
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Lithium sources of a current, including recharged, possess the highest specific power 

characteristics among all chemical sources of a current known now. It speaks that lithium has the 
most negative electrode potential (-3,045 В). It allows reaching a high voltage of a cell, but, on the 
other hand, excludes application of lithium as a material of a negative electrode in the water 
environment and limits its application in not water environments.  

Now the problem of use of lithium as a material of a negative electrode is solved for the 
account so-called “connections of introduction”, or «intercalates". In such connections atoms of an 
ion of lithium take root into a crystal lattice of substance, settling down between it’s units. However 
in these substances at intercalation - denticulation ions of lithium significant volumetric effects are 
observed. Only various forms of carbon have shown comprehensible sizes of volumetric effects. 

Features of a crystal lattice of graphite allow achieving maximal ratio Li: C = 1:6, i.e. the 
structure intercalation corresponds to formula LiC6. It corresponds to theoretical specific capacity of 
graphite 372 mAh/g. The best grades of graphite for lithium - ionic accumulators of conducting 
global firms Superior Graphite (USA), Nippon Carbon (Japan) have the specific electric capacity 
close to theoretical. 

But the given size of specific capacity on the order of below theoretical specific capacity of 
metal lithium (3840 mAh/g). 

It has caused intensive searches of the new materials, allowing increasing specific capacity of 
an electrode material. 

By us it is established, that electrodes show specific capacity up to 1500 mAh/g - 2100 
mAh/g. on the basis of carbon nanomaterial (Carbon MWNT), received with use plasma 
nanotechnology,  

In these Carbon MWNT lithium at intercalation settles down not only between planes of a 
crystal lattice, but as it is supposed, and in nanohole. It is caused by structure and properties carbon 
MWNT which turn out in result use plasma nanotechnology. 

Application such nanomaterials will allow to increase power characteristics lithium - ionic 
accumulators on 30 % - 50 % and more.  
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NEW NANOCARBON BIOMATERIAL FOR MEDICAL APPLICATION 
 
V.A.Levchenko1, D.L.Rakov2, V.A.Matveenko1. 
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New one-dimensional carbon nanotubes material was prepared by means of pulsed carbon 

plasma condensation in vacuum. In the case of medical coating, the one-dimensional carbon 
nanotubes are perpendicular to the surface on which they were deposited.  

The one-dimensional carbon nanotubes are densely packed and kept together by relatively 
weak Van der Wall’s forces. The remarkable property, which gives it its bearing properties, is that it 
is highly compliant between the chains, making it a kind of super strength elastic velvet on the 
atomic scale. Distance between atoms along the length of a chain of carbon nanotubes is 1.21Å. 
Between chains, the distance is 3.97Å. 

The coating process is performed at temperatures of 0 to 300˚C and so is applicable to 
polymer such as polyethylene and polyurethane such as well as metals, glass and other materials. 

Coating thickness can be up to 20µm on hard substrates. Recommended thicknesses for most 
applications are 300 to 800Å. Nanocarbon coating deposition rate is 1000Å per minute. One-
dimensional carbon nanotubes material adheres to most substrates, including stainless steel, glass, 
polymers, and silicone rubber. Adhesion is higher than substrate strength. 

In mechanical tests on silicone rubber, including elongation of 600 per cent and multiple 
deformations, the coating withstood the test without visible damage. Neither crack nor exfoliation 
could be seen. In adhesion tests, the new material was removed only with parts of the substrate 
material, so its adhesion to most substrates is higher than the strength of the substrate. 

Practically causes no significant denaturation of proteins adsorbent on its surface improving 
the biocompatibility of medical implants. Among its most prospective medi-cal applications are 
antikeloid materials (Fig.1), cardiovascular devices, stents (Fig. 2), orthopaedic and dental implants, 
contact lenses, interocular lenses, surgical needles and etc. 

  

      
            
                Fig. 1. Antikeloid materials                                   Fig. 2. Stents 
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FULLERENE CONTAINING COMPLEXES AS PHOTOSENSITIZERS IN 
CELLULAR MODELS IN VITRO 

 
L.Litvinchuk 

 
Introduction. Success in adaptation of nanomaterials in biological studies has stimulated their 

development for perspective medical applications. One of successful lines of medico biological 
investigations is an active study of fullerenes, an allotropic form of pure carbon with unique 
physicochemical properties.  

Objective of the work given: to study conditions of a selective cytophototoxicity 
demonstration of fullerene containing complexes in oncogenic cells in vitro. 

Preparations. We have studied three patterns of noncovalently combined water soluble 
complexes of a fullerene C60 and polyvinylpyrrolidone (C60/PVP) and two hydrated molecular 
colloidal solutions 0.4% (C60/FWS). C60/PVP complexes were differed in a percentage of carbon 
(0.7%, 1.8% and 2%) and in a molecular weight of polyvinylpyrrolidone (accordingly: 25000, 
20000 and 40000 kilodalton). 

Cell cultures. Oncogenic origin cell lines: RD (a human rhabdomyosarcoma), T-98 (a human 
glioblastoma), HEp-2 (a human carcinoma) were used as target cells. Normal fibroblasts of a human 
embryo M-22 and ФЛЭЧ, Vero cells (a kidney of a green marmoset), MA-104 (a kidney of a rhesus 
monkey), СПЭВ (a kidney of a pig) were cultivated as control cells under the same conditions. Cell 
cultures were exposed to rays of a quartz-halogen bulb. In different experiments we varied a 
concentration of fullerene containing complexes and time of their contact with cells, a density and 
duration of lighting, time constraints of an observation. Changes in a cellular monolayer structure 
and cells were registered by microscopy of living cells, vital dye coloration, a spectrophotometric 
analysis in the MTT-test, which shows a level of metabolic activity and on cytological preparations. 

Conclusion. Under a fixed balance of aforementioned parameters all patterns of fullerene 
containing preparations showed characteristics of photosensitizers.  

In tumorous cells irradiation led to essential oppression of metabolic activity right up to total 
destruction in separate cases. Under the same conditions changes in normal cells were not so fatal 
and didn’t lead to destructive processes. Thus it becomes possible to select the conditions, which 
are necessary for a display of fullerene containing complexes photodynamic activity. At that 
citotoxicity is selective, as damages of normal cells are minimal while oncogenic cells are damaged 
strongly. The results of researches given allow to consider fullerenes to take the part of nontoxic 
and effective photosensitizers under photodynamic therapy. 

This work was supported by The Russian Research Program “Fullerenes and Atomic 
Clusters” and The Project “ Laser Fullerene-based Oxygen Therapy Bioloft”. 
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THE RESEARCH OF BIOLOGICAL ACTIVITY OF WATER-SOLUBLE 
FULLERENE CONTAINING COMPLEXES ON CELLULAR MODELS IN VITRO 

 
L.Litvinchuk 

. 
 
Introduction. Last years information about fullerenes and their modifications gives an idea of 

a wide spectrum of biological activity generally having a positive character. 
Objective of the work given: to study biological characteristics of 20 patterns of water-soluble 

noncovalently combined complexes of a fullerene C60 and polyvinylpyrrolidone and also of four 
hydrated fullerene C60 patterns (“molecular colloidal solutions”) on cellular models in vitro. 
Thirteen different origin cellular lines including two normal human fibroblasts lines, seven 
tumorous human lines, monkey and pig lines were used in the work given. 

It was ascertained that all studied patterns don’t possess any toxicity for all studied cells in a 
wide range of concentrations. And it was shown that under cultivating with each studied fullerene 
containing preparations there is not oppression of cellular respiration , not suppression of 
proliferative activity and there isn’t any morphological changes in a monolayer structure and cells.  

We have discovered that presence of investigated preparations in fixed concentrations 
prolongs a productive age of a cellular culture 1.5 – 2 times more and reduces cellular population 
age-specific degradation, in other words it increases a physiological age of a cellular monolayer and 
cells. A period of an observation is till two – three weeks. We have achieved an effect of 
proliferative activity stimulation of all cellular types for a number of studied concentrations of 
preparations. For normal fibroblasts we have observed an increase of an index of proliferation 1.2 – 
1.7 times more. A cytoprotective action of fullerene complexes were shown under destructive 
factors of all kinds (an oxidative stress and a herpetic infection). 

Thus we have found a big totality of positive biological effects that confirm many literary data 
and produce certain prospects for creation of pharmacological preparations with antiviral, 
anticancer activity and an ability for directional regulation of an apoptosis. 

This work was supported by The Russian Research Program “Fullerenes and Atomic 
Clusters” and The Project “ Laser Fullerene-based Oxygen Therapy Bioloft”. 
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Carbon phases prepared from C60 fullerene and nanosized diamonds at high temperatures and 

a pressure of 6 GPa have been characterized by Vicker’s hardness measurement and Raman 
scattering spectra. It was found that the hardness dependence on annealing temperature has a 
maximum near ~1100 K for both fullerene C60 and nanosized diamonds as initial materials (see 
figure). This maximum corresponds to metastable states of the carbon phases and not to a 
transitional kinetic effect on the level one-tens minutes, since the annealing time was 5 hours. As it 
is proved by Raman spectroscopy the maximum temperature is only slightly higher than the 
temperature at which the C60 cage collapses, and appears to correspond to the termination of 
intercluster bonding in the case of nanosized diamonds. The hardness maximum is interpreted as a 
result of competition between an increase in intercluster/intercage bonding and local instability for 
graphitic-like ordering. We suggest that the hardness maximum is the typical characteristic of 
materials prepared from nanometer structured carbon phases, as initial reagents, if pressures about 6 
GPa are used [1]. 
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[1] N.V.Surovtsev, A.A.Kalinin, V.K.Malinovsky, Yu.N.Pal’yanov, A.S.Yunoshev. “Effect 

of synthesis temperature on hardness of carbon phases prepared from C60 and nanosized diamonds 
under pressure” // Carbon, v.44, №10 (2006), pp.2027-2031. 
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Semiconductor quantum dots (QDs) are characterized by high extinction coefficients, 

luminescence quantum yields and photostability [1]. Recently considerable attention has been paid 
to studying an energy transfer between QDs of different sizes [2] or between  QD and organic 
molecules [3], taking in mind potential applications of QDs in biosensors or as photosensitizers for 
photodynamic therapy of cancer. In this report we demonstrate a system displaying spectroscopic 
evidence of interaction between organic molecule and QD. A very effective energy transfer from 
QD to molecules takes place, making such systems especially promising for photodynamic therapy.  

Interaction of QD with free base tetrapyridinoporphyrazine (TPPA) molecules in chloroform 
has been investigated. The CdSe/ZnS QDs with a core size of 3.8 nm and a luminescence peak at 
590 nm having a surface capped by tri-n-octylphosphine oxide (TOPO) molecules were used in this 
study. It has been found that TPPA becomes soluble in chloroform in presence of a small amount of 
TOPO which is always present in the QD chloroform solutions. The gradual dissolution of TPPA 
powder in a QD solution of concentration less than ~3⋅10-7 М resulted in the simultaneous 
appearance of an absorption bands within the range of 635 - 655 nm and a luminescence peak at 
657 nm, neither of which belong to QDs or TPPA molecules. These new bands were attributed to 
the TPPA molecules sorbed on the QD surface.  

The long-wavelength (Q-band) system of the sorbed TPPA absorption spectrum includes at 
least three electronic transitions of comparable intensities instead of two transitions in TPPA 
molecular form. This fact requires the assumption of aggregation of TPPA molecules, at least to 
dimer level. However, any spectral analogies of the sorbed TPPA absorption spectrum with any 
known phthalocyanine dimer spectra are not obvious. 

In parallel to the appearance of new absorption and luminescence bands, the quenching of 
QD luminescence was observed. The luminescence intensity drops by ten times during the 
dissolution of TPPA. Luminescence excitation spectrum of the TPPA sorbed form completely 
coincides with the QD absorption spectrum implying the effective energy transfer from QD to the 
TPPA molecule sorbed on the QD surface.  

 

 
 

Our estimations based on measurements of the TPPA sensitized luminescence quantum 
yield gave the efficiency of energy transfer about 10-50 percent. The maximum efficiency of the 
energy transfer was observed at the initial stage of TPPA dissolution decreasing gradually 
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afterwards. This implies the presence of additional nonradiative channels for relaxation of QD 
excitation caused, for example, by aggregation of QDs assembled with TPPA. 

We also studied systems QD– tetrapyrrol molecule with electrostatic type of interaction in 
water solutions. One of such systems includes positively charged CdTe QDs (λabs.max=650 nm) 
and negatively charged AlOH-tetrasulfophthalocyanine. The latter is also known as “Photosens” 
(PS) and is intensively used as photosensitizer in the photodynamic cancer therapy. We found a 
very efficient QD luminescence quenching after addition of PS solution to the solution of QD. This 
quenching demonstrated the exponential (negative) PS concentration dependence. On its initial 
steps (after addition of the first PS portions), when the efficiency of quenching is maximal, one PS 
molecule can quench up to 20-30 QDs. This implies the formation of aggregates of 20-30 QDs 
arround the single PS molucule. The luminescence of PS assembled in this aggregate is completely 
quenched, that dod not allow us to observe the sensitized by QD luminescence of PS. The spectral 
properties of the QDs used in these experiments and of PS admit the energy transfer from QDs to 
PS and do not allow the invers transfer. Therefore, the quenching of PS luminescence is these 
experiments is caused by other mechenisms. 

We also studied the interaction of negatively charged CdTe QD (λabs.max=550 nm) with 
positively charged free base tetra(p-trimethylamino)phenylporphin (TAPP). In this system the QD 
luminescence quenching of the same efficiency as in the previous case took place with the same 
quencher concentration dependence. However, in this case, owing to more favorable conditions of 
observation, the residual quenched porphyrin luminescence could be registered. Its excitation 
spectrum demonstrated the presence energy transfer from QD to TAPP. At the same time, besides 
the weakly lumninescing TAPP form, another nonluminescing form of TAPP was revealed from the 
absorbtion spectra, which corresponds, evidently, to the tighter association of porphyrin molecule 
with the QD surface. 
 
[1] Peng X., Manna L., Yang W., Wickham J., Scher E., Kadavanich A., Alivisatos A.P., Nature, 

v.404, p.59 (2000). 
[2] Wargnier R., Baranov A., Maslov V., Stsiapura V., Artemyev M., Pluot M., Sukhanova 

A.,Nabiev I., Nanoletters, v.4, № 3,  451, (2004). 
[3] Clapp A.R., Medintz I.L., Mauro M., Fisher B.R., Bawendi M.G., Mattoussi H., JACS, v.126, 

301 (2004). 
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The development of multicellular organisms involves the differential expression of many 

genes. Thus knowledge about spatial and temporal patterns of gene expression is crucial for 
understanding development. 
In this work, we have applied our new software package ProStack (Processing of Stacks) integrated 
with information management system iSIMBioS (Integrated Service Infrastructure for Molecular 
Biology Systems) to accurately acquire quantitative data from the images of segmentation gene 
expression patterns in early Drosophila embryo at the  syncytial blastoderm stage. Images were 
obtained by confocal laser scanning microscopy of fixed embryos. Our dataset consisted of 16 
embryos stained with fluorescence tagged antibodies to visualize Even-skipped protein, lacZ 
mRNA of the even-skipped promoter-reporter construct and histones. Three workflows were 
constructed to quantify gene expression levels per nucleus and outside nucleus area in these 
embryos without loss of spatial information. 
The first workflow combines three optical sections, obtained in each channel, into one image and 
puts the resultant images into standard orientation. The second workflow finds the area occupied by 
the embryo in the image. Third workflow builds a nuclear mask from the nuclear channel (histones) 
image and averages fluorescence intensities in each nucleus and outside nuclei area.  
We also introduced the method to estimate the quality of nuclear mask by considering two classes 
of pixels. The pixels of the first class come from the area occupied by nuclei and outlined with 
nuclear mask, while the second class encompasses all the pixels outlined by the watershed domain 
with the exception of pixels that are “on” in the nuclear mask. To estimate the accuracy of 
segmentation we calculate the ratio of variances in pixel values between and inside these two 
classes. For correctly segmented image this measure should be larger than for the incorrectly 
segmented one and consequently can serve as an accuracy estimator. 
We also have checked how the quality of image segmentation depends on imperfection of image 
acquisition system. These imperfections take the form of point spread function (PSF) and detector 
noise and cause the blurring of images.  
 
The support of the study by the NIH Grants RUB1-1578 and CRDF GAP award RUB1-1578, and 
the Contract № 02.467.11.1005 is gratefully acknowledged. 
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In our experiments the data on expression of Drosophila segmentation genes is acquired by 

confocal scanning microscopy using fluorescence tagged antibodies [1]. The dataset contains 
confocal scans of more than 1000 embryos belonging to the late blastoderm stage. For each gene 
expression pattern an 8 bit image is obtained by averaging over 16 confocal scans and two Z-
sections. The quantitative data are extracted from the images by a pipeline of image-processing 
procedures [2,3]. As a result the data are presented in terms of nuclear locations and each nucleus is 
characterized by its coordinates, and the average fluorescence level. The amount of collected data 
enables us not only to construct a high-precision integrated map of Drosophila segmentation gene 
expression [2], but also to estimate the level of data variability.  

In this study we will focus on a specific manifestation of the gene expression stochasticity, the 
nucleus-to-nucleus variability. We seek to estimate the natural biological variability and 
discriminate it from the noise arising in the course of data acquisition and processing. This source 
of noise plays the key role among other sources of nuisance noise contributing into the total 
observed variability. 

We start the study of the data variability at the level of a single scan considering within-
nucleus variance. The variance is computed over all the pixels belonging to one nucleus, it is signal-
dependent with the signal-to-noise ratio (SNR) increasing with the mean. One of the sources of 
noise is the photomultiplier tube (PMT) noise produced by confocal scanning. This noise is a 
signal-dependent Poisson noise and is characterized by SNR proportional to the signal mean. 
Averaging of images considerably reduces the PMT noise level, preserving, however, its type. The 
noise in the averaged image can be thus decomposed into the remaining Poisson component and the 
component independent of image acquisition procedure, the latter computed as the mean between 
scan covariance. This component is still signal-dependent but unlike the Poisson noise shows the 
SNR close to constant or slightly increasing with mean intensities.  

To estimate nucleus-to-nucleus variability we will decompose the quantitative pattern into the 
smoothed component and noise by the wavelet transform. However one of the main requirements of 
wavelet decomposition, the homogeneity of variance, is violated for our data. To satisfy this 
condition we apply the variance-stabilizing transformation (VST) in the form proposed by Box and 
Cox [4], so that to achieve the homogeneity of pixel-to-pixel (computed as within-nucleus) 
variance. The quantitative data inherit the type of pixel-to-pixel noise arising in confocal images, so 
that the nucleus-to-nucleus variability in question also contains a signal dependent component. The 
applied transformation makes it possible to estimate this component as an additive one and to 
subtract it from the total noise. To extract the noise the transformed expression pattern is 
decomposed by Daubechies wavelets, and the variance of noise is computed as the local variance of 
high pass of the decomposition in 1% window along AP-axis.  

Thus the nucleus-to-nucleus variability is defined as the variance of mean within-nucleus 
intensities. However, due to within-nucleus variability the mean intensity is always computed with 
an error, so that even if all the nuclei in reality had equal concentration of protein there would be 
generated a certain amount of artifactural nucleus-to-nucleus variance. We consider the between-
nucleus component as a ‘true’ nucleus-to-nucleus variance, and to estimate it need to exclude the 
component explained by within-nucleus noise. The standard approach to estimate the between-
nucleus variance component is the one-way ANOVA estimator [5]. The ANOVA assumptions also 
include the one of variance homogeneity, so the method is applied to the data transformed by VST. 
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To obtain the smoothed expression pattern and noise component we just apply the inverse 
transform. 

The main results of the study can be formulated as follows. 
We have shown that signal-dependency of nucleus-to-nucleus variability is mainly explained 

by within nucleus pixel-to-pixel noise. The pixel-to-pixel noise is partially explained by Poisson 
type noise typical for confocal images, while averaging of individual scans considerably reduces 
this component. For the most part the signal-dependent type of noise is explained by the remaining 
within-nucleus variability. This component of within-nucleus variance is independent of image 
acquisition procedure and can be either of biological nature or artifactural. For the majority of 
patterns SNR of this noise is independent of the intensity means or slightly increases with mean. 
Applying the Box-Cox VST we get rid of signal-dependency which allows to apply statistical 
methods requiring homogeneity of variance and to estimate this component numerically. In this 
study we have explored only a minor part of sources of variability in our data. We hope that the 
knowledge obtained in further studies will allow to eliminate all the experimental errors and give a 
clue to understanding the stochastic nature of gene expression. 
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Semiconductor quantum dots (QDs) are currently widely studied in relevance to their 

applications in biology and medicine [1]. First of all, QDs are considered as new tools for obtaining 
images of living cells and their in vivo diagnostics. As shown elsewhere [1,2], QDs have 
considerably better properties than fluorescent chromophores currently used in biology and 
medicine, namely: (i) higher quantum yield; (ii) optical activity in the long-wave range of the 
spectrum; and (iii) significantly greater photochemical stability. 

In this paper, we report on a theoretical and experimental study of the interaction of 
semiconductor quantum dots with biochemical environments. 

We used semiconductor InAs QDs grown by Molecular-Beam Epitaxy on GaAs substrates. 
We have studied photoluminescence (PL) of the as-grown QDs, and QDs covered with a 
monoatomic protective layer made of N and S in various chemical environments. Our experiments 
have demonstrated that PL sustains in the environments used and, thus, our QDs are chemically 
stable. We observed reasonable changes in the shape and peak position of PL spectra, when QDs 
were placed in neutral and dipole-active environments; thus, our QDs appeared to be environment 
sensitive. 

We also performed a detailed theoretical analysis of the interaction of a separate 
semiconductor QD with a model amino acid for the case when a polarization interaction of the 
electron–hole pair with the QD environment (i.e., with the amino acid) gives the main contribution 
to a change in the electron–hole pair spectrum. We established that, in the region of interband 
absorption (emission), a shift in the energy levels of size quantization of the electron–hole pair in 
the QD interacting with the amino acid is determined by the quadratic quantum-dimensional Stark 
effect. An analytic expression for a shift in the energy levels of electrons and holes, depending on 
the electric field of the amino acid and on the QD radius was obtained. It showed that a change in 
the energy levels of electron and hole in the QD interacting with the amino acid shifts the emission 
band position in the QD spectrum by several tens of meV. The accuracy of identification of amino 
acids using their interaction with QDs is much greater than that provided by the conventional 
method of electrophoresis. The method proposed opens up new opportunities for identification of 
biological systems by using semiconductor QDs. 

 
[1] X.Michalet et al, Science 307, 538 (2005). 
[2] Xiaohu Gao et al, Nature Biotechnology 22, 969 (2004). 
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The Szeged index is a topological index which is introduced by Ivan Gutman [1]. To define 

this index, we assume that e = uv is an edge connecting the vertices u and v in a molecular graph G. 
Suppose Nu(e|G) is the number of vertices of G lying closer to u and Nv(e|G) is the number of 
vertices of G lying closer to v. Edges equidistance from u and v are not taken into account. Then the 
Szeged index of the molecular graph G is defined as Sz(G)=∑e=uv∈E(G)Nu(e|G)Nv(e|G). In this paper 
the Szeged index of a C5C7 nanotube is computed.  

 
Keywords: C5C7 nanotube, Szeged index, topological index. 
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We report on design issues and experimental study of novel type of lasers with complex 

multilayer waveguide. The design comprises a waveguide core and a multilayer interference 
structure. A waveguide core is a layer of high refractive index material clad with two layers of low 
refractive index material (GaAs and AlGaAs, for instance). The multilayer interference structure 
(MIS) is a sequence of high and low refractive index layers designed to provide efficient selection 
of required laser modes and can be optimized for certain application, for instance high temperature 
stability of lasing wavelength or low far field divergence. In the first case the optical mode 
propagates at high effective angle (typically 60-65 degrees in GaAs) in the waveguide and strongly 
leak to MIS. The MIS provides high reflectivity for the selected optical mode in the narrow 
wavelength range. In other words the losses in the laser are strongly wavelength dependent with a 
deep at certain wavelength. If the deep is sharp enough its position defines the lasing wavelength. 
Thus, such device shows dramatically enhanced temperature stability of lasing wavelength 
compared to conventional edge-emitting lasers as it is defined by the temperature dependence of 
waveguide and MIS refractive indexes similarly to the case of Vertical Cavity Surface Emitting 
Lasers. Presently temperature shift of the lasing wavelength as low as 0.16-0.17 nm K-1 is realized 
(Fig.1), which is significantly smaller than that of active region bandgap. The width of the lasing 
spectrum remains very narrow (0.6 nm) up to highest drive currents. The maximal output power in 
pulsed mode is above 8 W. The devices with non-optimized doping profiles and high resistance 
showed CW output power as high as 1.7 W at room temperature. The best achieved value of 
characteristic temperature is 270 K. The MIS can be also designed to achieve low far field 
divergence. Small full-width at half-maximum (FWHM) of far field pattern is necessary to reduce 
the coupling loss between the laser and the optics. Generally the far-field diffraction angle (vertical 
beam divergence) Θ is inversely proportional to the modal spot size ω of the optical mode: Θ ~ λ/ω. 
Thus, vertical beam divergence can be reduced by expanding the fundamental optical mode thought 
the broad waveguide. However when certain spot size is exceeded multiple transverse mode 
operation may emerge due to small high-order mode separation, degrading the far-field pattern and 
causing kinks in the light - current characteristics due to mode switching effects. The thickness of 
the waveguide core and MIS design can be optimized to achieve single-mode lasing with very 
narrow far field divergence in the whole range of injection current by employing the following 
effects: First, the electric field strength of the localized fundamental mode at the waveguide core 
(and, therefore, at the gain region) is larger than that of all extended modes. Thus, optical 
confinement factor for the fundamental mode is much higher than that for high-order modes. 
Second, all extended high-order modes are leaky and penetrate into the substrate or the contact 
layers, whereas the localized fundamental mode does not reach the substrate and does not suffer 
from leaky loss. Note, that increasing the modal spot size is also favored to improve high power 
operation of the laser diodes as the power density per facet area is decreased and correspondingly  
catastrophic optical mirror damage (COMD) level is not exceeded up to higher total output powers. 
For 980 nm lasers based on this idea with ultrabroad (> 10 µm) waveguide the small vertical 
divergence less than 10º (Fig. 2), high differential efficiency of 85 % and CW output power of 1.8 
W (10.6 W pulsed) have been obtained (Fig. 3). For lasers with increased modal spot size very 
small vertical divergence emitting angle of 4.8º has been realized. The red (646 nm) GaInP-
AlGaInP lasers have shown small vertical beam divergence of 8º (full width at half maximum) 
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Fig. 1. Temperature dependences of the 
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wavelength in QD TCL. Inset shows LI 
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Fig. 2 Far-field pattern for 980nm laser 
(perpendicular to p-n junction). 
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Fig. 3. Temperature dependences of the threshold current density and the emission wavelength in 
QD TCL. Output power dependence on the drive current at room temperature is shown in the insert. 
Fig. 4 CW light-current characteristic at 20°C for the 4 µm-wide stripe laser (L = 1.5 mm) with 
HR/AR (95%/5%) coatings. The inset shows vertical far fields depending on pump current 
 
that was independent on the injection current. The100 µm-wide devices showed high differential 
quantum efficiency (ηDiff) up to 85 % and the maximum pulsed total output optical power of 20 W. 
Narrow stripe lasers have operated in single transverse mode regime up to ~ 2 Ith with aspect ratio 
about 2:1. Maximum single mode CW total output power more than 115 mW was obtained (Fig. 4) 
for the lasers with 4 µm stripe width (95%/5% coatings). The operation of the devices is still limited 
by the catastrophic optical mirror damage and further dramatic improvement of performance is 
expected for passivated or window-stripe lasers (using Zn diffusion), or for the devices with further 
increased waveguide thickness. To conclude, the obtained results have proved the use of MIS 
design is promising for realization of low cost high-power semiconductor laser diodes with ultra-
narrow beam divergence and high temperature stability of lasing wavelength. 
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1 Introduction 
Due to ongoing data acquisition, development of new processing and analysis methods to 

understand the dynamical regulatory mechanisms controlling the expression of segmentation genes 
in fruit fly we encounter serious problems with data and workflows management. Additional 
problems pose different geographical location of research groups. To solve these problems we have 
developed a Laboratory Information Management System (LIMS) known as iSIMBioS (integrated 
Service Infrastructure for Molecular Biology Systems).  

With iSIMBioS, it is easily to deal with new data processing and analysis methods, flexible in 
specification and modification of these methods, scalable and supports distributed processing and 
analysis of data. 

 
2 System architecture 
We have designed iSIMBioS, the system prototype for collaboration within distributed 

working environment by applying a hybrid approach based on multiagent and REST architectural 
styles [1, 2]. 

The iSIMBioS is build up from a set of program and services, as well as from an infrastructure 
used to integrate these components. Program and services can be implemented as XML-RPC, SOA, 
CORBA, RMI, JDBC, CGI and command-line applications. Program agents with different custom 
interfaces are used to integrate heterogeneous components into workflows. In conformity with REST 
model all the agents interact via HTTP protocol. 

iSIMBioS architecture has remarkable feature: only pointers to data files are transferred. Data 
passing is mediated by iSIMBioS itself and a pointer to processing result is returned to a user. This is 
a distinctive feature which sets apart iSIMBioS form the SOAP-based applications, as SOAP requires 
to transfer data itself. The solution implemented in iSIMBioS results in serious reduction of transport 
expenses and consequently decreases time required to process and analyze data and images. In 
addition, it also minimizes requirements to client computers, as data and processing results are solely 
stored on iSIMBioS nodes. 

In iSIMBioS the information about service tests is used for monitoring of the system 
functionality periodically or should the failure of any service was detected by one of its counteragents. 

At present iSIMBioS architecture includes two servers each containing all system components. 
This functional redundancy provides for robustness of workflow enactments. 

 
3 Information model 
We are also going to use a DBMS to store and manage all the information. We have already 

developed the database model which supports the storage of data and programs and is extendable to 
meet constantly changing user requirements without loss of time on data structure reorganization or 
software modification. 

Moreover it is highly desirable that the extension of data model could be performed by users 
themselves with minimal intervention of database developers. 

The data model we have developed supports the storage of data and programs used by a wide 
range of analysis methods and is extendable to meet constantly changing user requirements without 
loss of time on data structure reorganization or software modification. 

Data model implementation includes several initial relational tables which do not depend on 
stored data, as well as a substantially larger number of tables which store data itself and are created 
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as data were defined. Regardless of type all data objects are listed in the contents table. The content 
of an object, i.e. data itself, is stored in tables corresponding to the object type. A separate relational 
table (or a set of tables) is dynamically created for each object type when this type was defined. 

In addition to data, LIMS database stores all the information about work sessions. Special 
structures are created to store formal descriptions of workflows, workflow enactments and 
workflow modules. The portion of the model describing the information about data analyses and 
users, as well as the system architecture is static and do not change in the process of work. 

Workflows, services, workflow modules and agents are considered as a variety of one entity 
called as application. In order to keep track of the application modifications different application 
versions are stored, each version described separately. Each application version is characterized by 
a set of input and output parameters, data types and kinds for all parameters being specified. Each 
application enactment is also stored in the database. 

 
4 Conclusions 
We have designed iSIMBioS, the system prototype for collaboration within distributed working 

environment by applying a hybrid approach based on mul-tiagent and REST architectural styles. 
This prototype is currently tested to automate management and analysis of information on the 
dynamics of segment determination in fruit fly Drosophila by research groups located in different 
countries. 

 
5 Acknowledgements 
The support of this work by NIH Grant RR07801, NWO-RFFI #047.011.2004.013 grant and 

Federal Contract #02.467.11.1005 is gratefully acknowledged. 
 
References 
 
[1] A.Pisarev, M.Blagov, E.Poustelnikova, E.Myasnikova, M.Samsonova (2005). A system 

for on-line processing and analysis of images of gene expression patterns. Pattern Recognition and 
Image Analysis: Advances in Mathematical Theory and Applications, v.15(2).  

 
[2] M.Samsonova, A.Pisarev, K.Kozlov, E.Poustelnikova, A.Tkachenko.An information 

management system for collaboration within distributed working environment. Data Integration and 
Life Sciences, proceeding of 3rd Int. workshop DILS 2006. 

 98                                      
 



THE INVESTIGATIONS OF THE WATER’S SOLUTIONS OF FULLERENES C60 
AND C60 THIN FILMS PROPERTIES AND INTERACTION BETWEEN CLEAN WATER 

AND FULLERENES COVERS 
 
A.B. Beresin*, O.I. Kiselev, S.V. Kozyrev**, L.F. Litvinchuck, P.A. Pogorely, A.V. Slita,  

P.P. Yakutseni**  
 
Influenza Research Institute, Russian Academy of Medical Sciences, St. Petersburg, Russia 
*Ioffe Physical-Technical Institute, Russian Academy of Sciences, St. Petersburg, Russia 
**Centre for Advanced Studies of St. Petersburg Polytechnical University, St. Petersburg, 

Russia 
 
In current article the investigations results of spectral characteristics for fullerenes C60 and C60 

thin films water solutions are represented. The transition spectra were obtained for diapason of 600-
200 nm. The water solutions of fullerene C60 were prepared by method of ultrasonic azeotropic 
distillation [1, 2] from the toluene solution of C60 + nH2O mixture. The fullerenes thin films were 
obtained by resistive evaporation on the polystyrene, silica and ceramic targets. It was observed that 
spectra of the water solutions of fullerenes C60 and its thin films have possessed high correlation.  
This fact can be deposed that molecular structures of fullerenes in water solution and its thin films 
are alike approximately.  

It was investigated that the influence of the bidistilled deionized water with fullerene covers 
least about 5 minutes on the transition spectrum of water in visible region. As a result of these 
contacts the edge’s UV band of water fundamental absorption shifts to VIS direction to 50 nm 
approximately. This shift was observed in the clean silica cuvette and remained constant during at 
least 3 months without any outside affects. In other words, water remembered its contacts with 
fullerenes for a long time.  

In addition the tests for water solutions and C60 films toxic properties determination had done.  
Cellular cultures were the targets of the experiments. Water solutions inserted in cultural media in 
different concentrations and the results have estimated by the light microscopy. Authors used the 
cultural plates with fullerene covers for C60 films testing. In all experiments there were no toxic 
effects of water solutions of C60 and fullerene covers.  

 
1. G.V.Andrievsky, M.V.Kosevich, O.M.Vovk, V.S.Shelkovsky, L.A.Vashchenko. J.Chem. 

Soc., Chem. Commun.12 (1995) 1281. 
2. N.O.Mchedlov-Petrossyan, V.K.Klochkov, G.V.Andrievsky. J. Chem. .Soc., Faraday 

Trans. 93 (1977) 4343.  
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Hormones regulate a wide variety of physiological functions, encompassing intermediary 

metabolism, growth, and cell differentiation. Virtually every process in a complex organism is 
regulated by one or more hormones: maintenance of blood pressure, blood volume, and electrolyte 
balance; embryogenesis; sexual differentiation, development, and reproduction; hunger, eating 
behavior, digestion, and fuel allocation - to name but a few. 

Fullerenes present from itself comparatively new and absolutely unusual class of the 
compounds, possessing simultaneous combination donor and acceptor function, unique spatial 
construction, unusual physical, chemical and biological characteristic. This circumstance causes the 
unflagging scientific interest to considered object. Multiplies the number of their practical 
applications. Herewith main direction of the development of the modern work is a syntheses new 
covalent structure, including fullerenes, or supplement new function to fullerenes. At study 
characteristics of source (unmodified) fullerene is spared paradoxical little attention. 

The aim of present work was consideration to source fullerenes, as follows possibility of the 
interaction C60 with hormones. Urgency of such stating the question is defined by possibility 
searching for explanations to unusual broad spectrum of the biological actions of fullerenes. 

For chosen hormones interaction with fullerene turned out to be significant (Table 1). For 
these small molecules, correction to free energy was calculated by using several starting 
orientations of hormone to fullerene. The models of complex fullerene with hormone were also 
entered in water ambience. And methods of Molecular Dynamics is shown that considered 
molecules were not displaced by water from complex. 

Table 1. Table of averaged quantity of formation enthalpy for complex hormone and fullerene 
in different force fields of molecular mechanics (MM2 / OPLS), in kcal/mol. 

Hormone MM2, kcal/mol OPLS, kcal/mol 
Adrenalin 3.2 4.4 
Dopamine 2.9 4.1 
Serotonin 3.2 5.0 
Thyroxin 6.9 7.5 

No essential changes in conformations of hormones when forming the complex did not exist. 
As a result of interactions hormones strove to be orientated so that their aromatic rings were found 
parallel surface of fullerene. The most strong complex turned out to be the complex formed by 
molecules of fullerene and thyroxin. The strength of complex for hormone was that greater, than 
greater was an area "contiguities" with fullerene. This circumstance allows to confirm that 
interaction carried Van der Waals nature, but none of specific interaction of the chemical groups 
with fullerene did not appear. In any event, energy of the formation was essential. Thereby, falling 
into ambience alive organism, molecules of fullerenes can link the considered hormones, hereunder 
changing nature of their redistribution, biotransformation and, strictly, binding with corresponding 
tissue target. In other words, possible confirm that source fullerenes can sail in activities most of 
explored hormones. 

Conclusions 
1) Мodels, describing spatial construction complex fullerenes with hormones (8), are 

received. Energy and geometric characteristic of these complex are determined and their behaviour 
in water ambience are explored; 

2) Unmodified fullerenes can sail in activity some of hormones. 
3) Fullerenes C60 can form the stable reversible complexes with hormones. 
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Gibbs-Tomson law relates chemical potential of particles in condensed phase to their size. 

Difference in this law realization mechanism for a drop of liquid and for a small crystal will be 
discussed on the basis of our data obtained by in situ atomic force microscopy (AFM). 
Crystallization of two polymorphs of the protein lysozyme and of calcite from solution was studied. 
Review covers behavior of (1) the steps one lattice spacing high that terminate elementary growth 
layers, (2) two-dimensional islands of a new layer on a crystal face and (3) the small facets. 

The AFM shows that movement of the weakly fluctuating steps characterized by low kink 
density and generation of the polygonized dislocation spiral follows the Gibbs-Tomson law only 
nearby the equilibrium point, at supersaturations lower then ~1% or less. At higher supersaturations 
at which the marginally soluble crystals typically grow, the process is determined by kinetics rather 
then by thermodynamics of kink generation and annihilation. 
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IMMOBILIZATION OF DNA MOLECULES ON THE MICA SURFACE STUDIED 
BY ATOMIC FORCE MICROSCOPY 
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2Institute of Biochemistry and Genetics USC RAS, Ufa 
 
The structure and immobilization properties of DNA molecules were studied by atomic force 

microscopy (AFM). 
All experiments were carried out using AFM Solver P47 (NT-MDT, Zelenograd, Russia) 

operating in tapping mode at ambient conditions. Freshly cleaved mica surfaces, modificated or 
non-modificated by metal cation, were chosen as substrates. 18 МΩ deionized water from Millipore 
was used for solutions preparation. 

Generally DNA bending are induced by integration host factor. 
Original DNA sample preparation technique on mica substrate has been developed. Optimum 

concentration of solution components were experimentally found. The DNA fragments with 
cohesive ends including ring structures have been imaged clearly. Also Lambda bacteriophage 
DNA molecules with thread-like structures are directly visualized. As a result the DNA molecules 
were firmly fixed on the substrate surface. 
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One important area of research in the modern material nanoscience concerns carbon-based 

nanomaterials (fullerenes, carboneous nanotubes, graphene leaves, nanofoams, etc.). Nanochemistry 
of the 21st century, new light nanomagnets, new optical devices, new drugs – these and other 
excitedly sounded promises implying nanocarbon-based material can be heard through over the 
world. What makes them so exclusive for the properties of the materials to be outstanding indeed? 
An answer to the question will be discussed in the paper in view of the species peculiarity caused by 
odd electrons. The term stands from the difference between the number of atom valence electrons 
and that one of the neighboring atoms coupled to the considered one. The mere fact of the odd 
electrons availability is quite typical for the carbon-containing molecules. Those are traditionally 
divided into two classes depending on the interaction between the electrons. If the interaction is 
strong, the odd electrons are fully involved in the covalent bonding, which is followed by the 
formation of the conjugated bonds (alkenes, lower aromatic molecules, etc.). If the interaction is 
weak, the electrons do not participate in the covalent pairing preserving radical properties 
(diradicals [1,2], carbenes [3]).  

Starting with fullerenes, the odd electron problem has been firstly considered by expanding a 
concept of aromaticity over the species [4]. However further examinations have highlighted that in 
spite of extreme conjugation, fullerenes behave chemically and physically as electron-deficient 
alkenes rather than electron-rich aromatic systems [5,6]. The current list of the fullerene derivatives 
covers practically all known classes of chemical compounds [7] demonstrating both a high chemical 
activity of the molecules and a broad versatility of chemical reactions to be involved. This 
outstanding chemical appearance of the molecules causes a great interest for their practical 
applications for creating novel materials [8].Their interesting features are at the edge of different 
scientific disciplines ranging from non-linear optics [9] to superconductivity [10]. Also in the 
biological field the fullerenes have had a strong impact, as it was discovered that functionalized 
fullerenes can be used in photodynamic therapy [11] or as inhibitors of the HIV-I protease [12,13]. 
Compared to known antioxidants, fullerene C60 has the strongest effect, and it has rather unique 
original mechanism of antioxidant protection. Even after a single administration in supersmall 
doses, the antioxidative effect lasts for a long time without any observed side effects. The following 
positive biological and therapeutic effects of fullerenes have been detected as well: membrane-
stabilizing, immunomodulatory, allergy suppressing, anti-inflammatory, neurotropic, antimalignant, 
radioprotective, antisclerotic, etc. activity [14]. The suggested mechanism of the antioxidant 
protection is that fullerene regulates free-radical processes in biological systems by a "wise” manner 
[15,16].  

So large diversity of properties strongly challenges fullerenes investigation. On the other 
hand, this causes a number of fundamental questions to be answered, the main of which concerns 
the molecule exclusive versatility. One of the attempts to answer this question has been done 
recently when studying the spin-dependent electron structure of molecules C60  
[17-19] and С70 [20] on the basis of one-determinant Hartree-Fock approach. Within the framework 
of the approach, which forms grounds for all basic terms of the modern chemistry, the odd electron 
pairing in fullerenes is of mixed character: they are not fully paired just leaving a considerable 
portion of the effectively non-paired electrons. These electrons provide the appearance of 
atomically marked chemical susceptibility of the species, which exhibits later on in chemical 
reactions. Particularly, the level of the fullerene chemical susceptibility highlights an extremely 
high reactivity of fullerenes with respect to free radicals [21], which are main targets subjected to 
the action of antioxidants, that, in its turn, explains high bio-medical efficacy of the species. 
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The concept of effectively non-paired electrons forms grounds for a particular digital 
approach, connecting odd electrons behavior with the distance between them, which is determined 
by the corresponding carbon atom positions. Non-zero chemical susceptibility proceeds when the 
distance exceeds 1.395Ǻ. As for other nanocarbons, the situation actually takes place in carbon 
nanotubes, graphene leaves, nanofoams of different origin, etc. that provides high chemical activity 
of the species. As shown for nanotubes [22], chemical susceptibility of the latter exceeds that of 
fullerenes making nanotubes highly bio-medical active.  
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The current paper presents a new medical complex consisting of rather simple constituents 

produced computationally. Nano-sized pyrogenic silica (NPS) and fullerene C60 molecule form the 
complex. Each of these constituents is characterized by high bio-chemical activity. Medical 
chemistry of NPS started more than 20 years ago in due course of which a lot of chemical, 
biological and clinical studies have been carried out [1]. As a result, a new medicinal SILICS of 
large spectrum of action has appeared. It has exhibited itself not only as a perfect bio-correcting 
enterosorbent whose activity exceeds that of other known sorbents, but as an effective medicinal for 
monotherapy of different deceases [1]. Bio-medical activity of fulerrene С60 is well known as well 
[2-4]. An evident question arises what can be expected from these constituents joining. An idea of 
creating new complex medicinals on the basis of NPS is not new. Application of such medicines as 
amphotherycin, highly disperse drug plants deposited on the NPS surface has shown that use of 
such composites provides prolongation of the medicinal action, may decrease the dose, increases 
bio-acceptibility of the drugs, highlights a synergetic action of the components [1]. In its turn, 
composite systems on the base of fullerene C60 and highly disperse silica are known as well [5]. 
Highly porous silica gel has been used as substrate. As shown, the fullerene addition results in 
selective adsorption of low-density lipoproteins that makes possible to use this fullerenized silica 
gel as effective immunosorbent when treating atherosclerosis. Therewith, there was still unclear, 
how fullerene is coupled with the substrate and how much its properties are changed due to the 
coupling. An attempt to answer the questions is presented in the current paper. Quantum chemical 
calculations are performed [6] to study interaction of fullerene C60 with both nanoparticle of 
pyrogenic silica (aerosil) and highly disperse silica gel. As shown, the interaction results in the 
formation of steady complexes in both cases that are fullerosil and fullerosilica gel, respectively. In 
both cases the coupling of fullerene with substrate is rather weak but of different nature. Both 
fullerene and the two nanosilica preserve their individuality and may act synergistically in medical 
treatment.  
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FULLERENES DERIVATIVES AS FLAVONOIDS LIKE ANTIOXIDANT 
FIGHTERS AGAINST HIV 
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It’s known that fullerenes C60 having unlike structure than other molecules and possessing 

different interesting properties including antivirus and antioxidant activities attract attention of 
investigators by the possibility of their medical application. However it turned out, that fullerenes 
derivatives are used more often as antivirus and antioxidant agents. Particularly C60 derivatives due 
to their steric and physical-chemical complementarity with the active site of the HIV-1 protease 
inhibit the enzyme, but the common mechanism of fullerenes action still unknown. 

Perhaps it’s hydrophobic fullerene’s structure that play leading role because of the property to 
exert influence on the rise of the membrane viscosity thereby preventing virus penetration. At the 
same time this hydrophobicity allows getting into lipid bilayers and delivery to realize protective 
functions inside cells. From this point of view C60 demonstrated the transport function only, while 
the hydrophilic tail revealed all protective functions. 

In order to understand this mechanism of action in current work superposition of fullerenes 
derivatives possessing anti-HIV activity and flavonoids that inhibit HIV growth was carried out. It’s 
known that flavonoids with hydroxyl groups at C-5 and C-7 and with a C-2-C-3 double bond are 
more potent inhibitors of HIV growth. In general, the presence of substituents, as hydroxyl and 
halogen, in the B-ring increase toxicity and/or decreased activity. Obviously hydrophobic carbonic 
rings of flavonoids put on more hydrophobic frame of C60 perfectly. At that time pharmacophores 
sites of C60 derivatives responsible for the anti-HIV activity and those of flavonoids correlated. It 
allows talking about similarity of the mechanisms of these compounds. 

Taking into account that flavonoids considered in our investigations have not only anti-HIV 
activity but also possess strong antioxidant properties, we propose to create new anti-HIV agents 
with antioxidant properties. 

 
Conclusions: 
 
Fullerenes derivatives work at least by two different mechanisms against HIV infection.  
Pharmacophores sites of C60 derivatives responsible for the anti-HIV activity are similar to 

flavonoids pharmacophores.  
The creation of new strong anti-HIV agents with antioxidant properties on basis of C60 can 

help to overcome the disease. 
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The “sensing” abilities of the biosensing units based on the nanoconstructions formed , using, 

as precurcors, the particles of linear double-stranded nucleic acid molecules spatially ordered in the 
structure of the cholesteric liquid-crystalline dispersions (ChLCD) was experimentally evidenced. 

At the begining, the analytical possibilities of the ChLCD were demonstrated, using various 
biologically active substances (BAS) and drugs (antitumor compounds, antibiotics, hydrolytic 
enzymes and natural anticoagulants, physiologically relevant low-molecular mass metabolics, etc.) 
capable of alternating the double-stranded structure of DNA molecules.  

The bioanalytical system consisting of the DNA liquid-crystalline biosensing units and the 
portable dichrometer, capable of operating with these biosensing units was created. The 
measurements of the concentration of the BAS under the test laboratory solutions have showed a 
high efficiency of the system. The limits of BAS detection, that are comparable with limits of the 
classical analytical methods or exceeding them, have were reached. 

A new methodology to create the hydrogels containing the immobilized DNA 
nanoconstructions was developed. It was demonstrated that these hydrogels represent by themselves 
a rational background for creation of stable disposable-type multifunctional biosensing units. 
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Water is an open, structurally-heterogeneous, self-organizating supramolecular system with 

continuous dynamic network of hydrogen bonds, it is capable to receive, preserve, save loss 
information because of dynamic stabilization of their intermolecular species (associates, and 
clusters, clathrates) at expose of physical fields. Size of water molecule (0.28 nm), its associates 
((H2O)6 0.93 nm), relatively large clathrates (more than 5 nm) and hydration layers of solutes (more 
than 4-5 nm) shows the properties and structures of these intermolecular species are submitted 
regularities of other nanoobjects. At first, there is an experimental evidence H2O is able to interact 
with physical fields (electro-magnetic and acoustic), especially with weaker fields and superweaker. 
Properties and functions of water are determined by its structural-information property, which 
depends on composition, and structure, dynamics of its intermolecular nanospecies: associates, 
clusters, clathrates. All mentioned nanoobjects are formed by hydrogen bonds, that gives a definite 
structure on one side, it secures a high dynamics, transformation, ability to reproduction at expose 
of own hydroradiations of electro-magnetic nature and hydroacoustic on other side. It was 
performed ab initio quantum chemical research of high level of different water associated consist 
both of heterolytic decomposition products (H+ and OH–-ions) and hemolytic decomposition 
products (H• and OH•-radicals). It was studied the influence of intermolecular structures on acid-
base and redox properties of water. It was shown that a change of clathrate structure X•(H2O)n, 
where X is a guest particle (H+, OH–, H•, OH•), n ≥ 10-13, is not essential for energy of acid-base 
reactions and for redox one. It was found, mutual aqueous nanospecies transfers are not essentially 
needed of energetic expenditures, and they take place in 273-373 K temperature region, which is 
corresponded to water in liquid state. However, research performed shows that proton-containing 
(H+(H2O)n) and hydroxo-containig (OH–(H2O)n) cluster, especially radical-containing one 
(H•(H2O)n and OH•(H2O)n) has large structural distinctions. So change of intermolecular water 
species structure results in a change of the properties of nanoobjects, and its stability, concentration, 
general properties of an aqueous system. Structural changes can be resulted from external 
informational influence of physical fields, that is very important for H2O as for open dissipative 
system. Therefore, research of the structure and properties of aqueous nanoobjects allows to 
prognose a general properties of H2O in water conditioning and influence of aqueous intermolecular 
species on medical treatment and preventive maintenance. Evidence of this influence is the works 
of Klassen (Russia); Grander, Gruber (Austria) (influence of magnetic fields); systems “Изумруд” 
and “БСЛМЕД” (Russia) (influence of electric field); using of ultra-violet radiation in water 
treatment; physiotherapy – in medicine. 
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TRANSITIONS BETWEEN TRIPLET-SINGLET STATES OF NUCLEOTIDES IN 
DNA: BASIS FOR SIGNAL COMMUNICATION BETWEEN NANO-SIZE PARTS IN DNA 

AND FEASIBILITY OF DNA-BASED COMPUTING 
 
V.E.Stefanov and A.A.Tulub 
 
Group of Biomodeling, department of Biochemistry, St.Petersburg State University, 

Universitetskaya nab. 7/9, St.-Petersburg, 199034 Russia. 
 
Classical DNA computing [1] is based on relatively slow processes of hydrogen bond 

formation/rupture and changing distance between stacked nucleotides of oppositely oriented DNA 
chains. Quantum computing uses much faster operating signal carriers, like nuclear or electron 
spins, which are allowed to have different energy levels, commonly associated with “up” and 
“down” states [2]. We suggest that DNA Watson-Crick (W-C) pairs and oppositely oriented DNA 
chains may serve a prototype of quantum computing, based on transitions between Triplet-Singlet 
(T-S) states of nucleotides. Such transitions, changing symmetry of the total wave function, would 
regulate communication specifics between DNA parts, making them operate as a unique self-
organized spin ensemble.  

Initially, W-C pairing was modeled with oppositely oriented G and C nucleotides. One of 
phosphate oxygens of each nucleotide is blocked with methyl. The total charge on each nucleotide 
is –1. G and C bases lie practically in the same plane and initially are separated by 7.5 Å, the 
distance at which no hydrogen bonding occurs. In every computation run G and C were allowed to 
approach each other at a step of 0.05 Å over a distance of 7.5 ÷ 2.4 Å between nucleotide planes in 
a bath of 38 water molecules, surrounding both nucleotides on the periphery of hydrophilic 
backbones, a region between C and G planes excluded. On reaching the W-C distance, three 
hydrogen bonds between G and C planes occur corresponding to conventional bond lengths 
r[HNH(C)-O(G)] = 2.91 Å, r[N(C)-N(G)] = 2.95 Å, and r[O(C )-HNH(G)] = 2.86 Å. 

We used configuration interaction (unrestricted) CIU method (2⋅106 configurations, 6-311G** 
basis set, at T = 310 K. Calculations were carried out with NWCHEM 3.5 plus software [3]. 
Computations included 25 independent runs. At every computational step the G-C geometry was 
optimized over bond lengths, valence and torsion angles to reach the minimum of total energy Etot. 
Subsequent computations dealt with other complementary nucleotide pairs and their ensembles 
mimicking a real DNA fragment. Etot changes on approaching C and G planes in the distance 
interval 7.50 ÷ 2.85 Å. A slow increase in Etot is recorded for ∆r = 3.5 ÷ 2.6 Å and decrease for ∆r = 
2.6 ÷ 0.0 Å Both intervals are marked by energy oscillations, most pronounced (11.8 ÷ 12.9 
kcal/mol) in 3.0 ÷ 1.5 Å region. A drastic increase in ∆Etot below W-C, ∆r < 0, is caused by 
repulsion between C and G planes. We obtained the lowest in energy Potential Energy Surface 
(PES) projections on the ∆Etot - ∆r plot, corresponding to T and S energy surfaces of G and C. 
Overlapping between nucleotide molecular orbitals is weak, so that each nucleotide holds 
individuality in G-C pairing. Corresponding energy values can be ranged in the descending order: 
E(TG) > E(SC) > E (TC) > E (SG). When the energy gap between T and S PESs becomes narrow, the 
total wave function appears to be a mixture of T and S states of nearly the same weight. Small 
changes in nuclear coordinates in the vicinity of crossings immediately affect the electron part of 
the wave function, making it alternate symmetry of T and S states. This effect is responsible for 
dramatic oscillations in energy. Beyond the crossings, when the gap between T and S states is 
remarkable, T-S transitions are smoothed and finally become negligible. 

The findings allow us to conclude that G-C pairing produces stable, singlet by nature, W-C 
complex. Its stability is due to repulsive processes between T and S PESs during W-C pairing and 
finally to SG-SC crossing. Repulsions and crossings is the manifestation of hydrogen bonding effect 
(visible at ∆r ≤ 2.65 Å) between G and C planes. Without hydrogen bonding (G-T non-
complementary pair), we observe a rather different picture. TG, ST, TT, and SG PESs appear to be 
turned in space in such a way that their mutual repulsion excludes stabilization. SG-SC crossing at ∆r 
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= 0.44 Å from the imaginary W-C point generates a metastable state. TG-TT crossing at ∆r = 1.32 Å 
has no effect on stability, and G-T pair is unstable. A-T complementary pairing resembles that of G-
C. A-T complex is stable at W-C point; its stability is due to appearance of a global minimum, a 
result of singlet-singlet, SA-ST, crossing. A-C complex is unstable, for the reasons similar to those 
encountered in the case of G-T complex.  

We analyzed the enlargement of the initial G-C system by consecutive adding of A-T, and 
then C-G and T-A nucleotide pairs. It proved that oppositely oriented chains, forming a small DNA 
fragment, produce the state of oppositely oriented electron spins. Within each chain, electrons, 
located on its constituent nucleotides, have identical spin orientation. When paired, the resultant 
spin on one chain is fully compensated by that on the other, so the total spin equals to zero. Such an 
arrangement of spins suggests that each spin is surrounded by oppositely oriented ones, which is 
particularly important with regard to plausible signal communication in DNA. Each of two DNA 
chains carries a number (depending on the chain length) of identically oriented spins, located on 
their constuent nucleotides. The chains being oppositely directed, the resultant spins, belonging to 
each chain, are totally compensated in DNA, whose stabilization is determined by hydrogen 
bonding between paired nucleotides and stackings between the unpaired. Stabilization makes spins 
produce singlets, otherwise the spins appear to be non-compensated. Magnetic spin moments are 
coupled by exchange and dipole-dipole interactions (phosphate links between nucleotides of the 
same chain are not considered as signal carriers), and any disordering in spin structure (small 
fluctuations, for instance) produces a nonlocal effect appearing in spreading spin waves along the 
chains. The wave packet prepared by local spin excitation is discussed in connection with the 
feasibility of DNA-based quantum computing.  
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Application of nanotechnology to medicine is connected with preparing of nanosized 

particles, stabilized with polymers, which simultaneously are transport matrixes for particles to be 
delivered to human organs. A design of nanoparticles using natural polymers as nanostabilizing 
matrixes resulted in appearance of new materials – nanobiocomposites. A variety of unique 
properties of nanobiocomposites is caused both by their nanoscale as well as nature of 
nanoparticles’ material and also by nature of nanostabilizing biopolymers.  

On the base of unique stabilizing matrix – hemicellulose arabinogalactan (extracted from 
Larix sibirica) we have suggested a new general approach to synthesis of hybrid nanoscale 
materials containing iron, cobalt, nickel, copper, microelements and nanosized metal gold, silver, 
platinum and palladium. Metal content in the nanocomposites depends on the synthesis conditions, 
the nature of metal ion and is in ranging from 0.1 to 21.0%. Mean sizes of crystallites of metal-
oxide and metal phases are 10-25 nm.  

New nanocomposites were shown to reveal synergism of properties both of arabinogalactan 
(water-solubility, immunomodulating activity and membranotropic effects) and nanonuclear 
materials (anti-anemic and antimicrobic activities and magnetic properties of iron-based 
nanocomposites). Paraenteral administration of ferroarabinogalactan to animals proved to result in 
the normalization of quantitative and qualitative indices of erythrocyte system as well as in the 
recovery of iron depot in organism. A number of synthetic nanocomposites have considerable 
immunomodulating and antimicrobic activities. Ferro- and nickel-arabinogalactans were shown to 
increase phagocytic activity of peritoneal macrophages in guinea pigs when their specific immunity 
to plague was investigated. Silver-arabinogalactan was found to have activity against gram-negative 
enterobacteria and gram-positive cocci. This property is of particular interest for similar 
nanocomposites will be able to be substances for design of novel antimicrobic remedies. ; 
Nowadays it is particularly important in connection with development of microbe’s antibiotic-
resistance, the ferroarabinogalactan magnetic properties given an opportunity to control the 
medicine transport if used under the outer magnetic field. These nanocomposites can be used in 
design of soluble magnets and magnetic liquids, bio-compatible magnetic-contrast materials for 
tomography, magnetic-localizing, magnetic-controlling medicines including for magnetic-dynamic 
onco-thermotherapy.  

Thus, new nanosized biocomposites open ways to materials having unusual complex of 
controllable properties, which are of interest in medicine and biology for prophylaxis, diagnostics 
and therapy. This work will allow for creation of new drug delivery systems controllable 
composites materials and for discovery of new medicines. 

This work partially supported by a grant N 9, 4-13 from SD RAS, N 12-1 from RAS. 
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Introduction.  
During Drosophila embryogenesis the segmented body plan is established through a cascade 

of maternally and zygotically expressed segmentation genes. Maternal genes set the anteroposterior 
(A-P) polarity of the egg and form the anterior and posterior protein gradients that act at different 
points along the egg axis in a concentration-dependent manner. The zygotic genes have been 
classified according to their mutant phenotypes and expression patterns. `Gap' genes are expressed 
in one to three broad domains, `pair-rule' genes form seven transverse stripes and `segment polarity' 
genes manifest in patterns of fourteen stripes about one-cell wide. Of these genes, maternal, gap, 
and pair-rule genes act during the blastoderm stage, giving rise to initial expression of segment 
polarity genes at the onset of gastrulation, by which time the segmental pattern is determined 
(Ingham, 1988). The morphogenetic field is a fundamental object in developmental biology. In such 
a field the groups of cells undergo collective determination events in which the developmental fate 
is stably assigned to individual cells with exquisite spatial precision. To characterize the 
development in the morphogenetic field controlling Drosophila segmentation we take a systems 
biology approach by combining high-precision assay of gene expression with statistical analysis and 
mathematical modeling (Myasnikova et al., 2001; Janssens et al., 2005; Jaeger et al, 2004).  

Results.  
Our analysis shows that by the onset of gastrulation some gap genes and all pair-rule genes 

form patterns which are highly uniform from embryo to embryo. However, there is large embryo to 
embryo variability of these patterns in cycle 13 and early cycle 14A. 

This variability manifests itself in variation in gene expression levels, variation in the time of 
formation of individual domains, variation in the manner in which a domain forms, variation in the 
sequence of formation of individual domains, and variation in the position of expression domains. 

Variability in Time and Sequence of Domain Formation. 
Our detailed characterization of patterns allowed us estimate the temporal variability in 

formation of individual expression domains. Currently this variability can be estimated with a 
precision of about 6 minutes, as this is the temporal resolution of our dataset. We have found that 
the temporal precision of stripe formation can vary in a wide range from less than 6 to 24 minutes 
of development This is a very high level of temporal variability, especially if one recalls that the 
whole pair-rule pattern forms within about 50 minutes. Each pair-rule stripe forms with its own 
characteristic temporal precision. 

Moreover the stripes within the pair-rule expression patterns are formed in different sequence 
and at the same time period there can be two quite dissimilar patterns of the same gene. 
Nevertheless by gastrulation the pair-rule expression in different embryos becomes highly uniform. 
On a fundamental level, it demonstrates that there is no fixed developmental pathway in the 
segmentation system, but rather a range of developmental trajectories that converge by gastrulation. 

 
Variability in the Manner of Stripe Formation. 
We have found that the stripes of pair-rule genes can arise de novo, by splitting, or by 

budding, and there is variation in the manner, in which the specific stripes of individual genes form. 
For example, ftz stripe 3 can form in two different ways, by s the splitting of one large domain or by 
posterior budding from stripe 2. Different modes of pair-rule stripe formation may reflect different 
regulatory mechanisms governing the appearance of these stripes. 
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Variability in the Position of Expression Domains. 
Recently it has been shown that the variability of positional information is strongly reduced in 

the transfer of this information from the Bcd gradient to hb expression pattern (Houchmandzadeh at 
al., 2002), a process which these authors refer to as the filtration of the positional error. We have 
confirmed these results and extended them to other maternal gradients, as well as gap and pair-rule 
genes. It is evident that at the gap gene level partial filtration of Bcd error already happens at cycle 
13. The filtration of this error continues in the beginning of cycle 14A and is completed by first 13 
minutes of this cycle. In comparison with gap genes, the filtration of Bcd positional error at the 
pair-rule gene level begins later and happens faster. 
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GAAS NANOWHISKERS ON GAAS AND SI SUBSTRATES:  
MBE GROWTH AND PROPERTIES  
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Nanowhiskers, or vertical nanowires (NWs), having a high (10-100) length/diameter ratio 
and a diameter of several tens of nanometers, are a new attractive object in modern nanotechnology 
due to an interesting physics of quasi-1D systems and their potential applications in electronics, 
biology, field-emission devices etc. [1].  In most cases, NWs are fabricated by epitaxial techniques 
by exploring the so-called vapor-liquid-solid (VLS) growth with different metal seed particles as 
the growth catalyst. Recently, we have shown that molecular beam epitaxy (MBE) has several 
advantages in NW formation, in particular due to the diffusion origin of NW growth [2,3].  
Concerning biological applications, the “lab-on-a-chip” technology seems to be one of the most 
promising directions where semiconductor NWs can be monolithically integrated within the chip. 
To fully realize the advantages of biological nanochips based on NWs, such as a high degree of flux 
stabilization, well reproducible hydro-dynamical properties and the possibility for the control of 
nanofluxes streaming, we require the NWs arrays with appropriate properties, including their 
height, diameter, surface density and, in some cases, selective doping possibility. In this work, we 
report on the experimental studies of MBE growth of GaAs NWs on GaAs and Si substrates 
catalyzed by gold particles, optimization of their properties. In our growth experiments, the NW 
formation procedure consisted of three stages [2]. First, GaAs(111)B substrates were placed in the 
growth chamber of the EP1203 MBE setup, where the oxide was removed from the substrates and 
the GaAs buffer layer was deposited. The GaAs buffer layer thickness was kept about 300 nm in all 
growth runs. In the case of Si substrates only Ga were deposited during the first stage. Second, Au 
was deposited on the substrate surface under the ultra-high vacuum conditions. The Au film 
thickness was amounted to 0.1-1 nm for different samples studied. At the third stage, the samples 
were heated up in order to form the eutectic Au-Ga seed drops on the surface. After that, the GaAs 
layers with the effective thickness H from 300 to 1500 nm were deposited.  The deposition rate of 
GaAs V=1 ML/s and As/Ga fluxes ratio F= 1 were kept constant, the substrate temperature T was 
varied from 500 to 630 0C for different samples. The visualization of the surface morphology was 
performed by applying the CamScan S4-90FE scanning electron microscope (SEM) with a field 
emission gun, operating in the secondary electron emission mode. As shown in Ref.[3], the growth 
of NWs during MBE is mainly controlled by the adatom diffusion from the substrate surface to 
NWs tops along their sidewalls while the adsorption-desorption contribution on the drop surface is 
less important and can often be neglected. Experimental investigations of the NWs length versus the 
GaAs deposition rate and the growth NWs growth rate versus substrate temperature will be 
presented. 
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Abstract. 
The new era of genome sequencing allows systematic identification of genes for any organism. But 
such biomolecular approach lacks of holistic knowledge about the gene function and its activation 
over time. As an integrative knowledge grabber, a tool scanning biomedical literature can bring 
pieces of information to understand part of gene networks over time. The system KASKAD tries to 
answer this question. 
Introduction. 
Nowadays two main approaches attempts to extract knowledge in an integrative way: microarrays 
and biomedical literature analysis. The first one uses intensively data analysis and system biology 
models. The second one uses also data analysis and natural language processing. The advantage of 
the second approach is strongly related to compilation of facts by biologists over years. Of course 
uncertainty can surround these facts especially for old documents. And methods used for scanning 
collections of documents have to take it into account. We chose a “weak analysis” with co-
occurrences of expressions in abstracts of documents to avoid constrained grammar dependencies 
difficult to manage (Blaschke & Valencia, 2002). Nevertheless as far as vocabulary used by authors 
is sensitive to variation of terms our method is based not only on term co-occurrences but co-
occurrences of concepts defined by regular expressions. In our case a gene and a stage of 
development will be considered as a concept and associated to a regular expression. 
Method. 
Our goal is to develop a corpus analysis tool which aims to extract contextual knowledge (i.e. 
temporal) about genes. 
Firstly we have driven our study with a well know model in developmental biology, the coat 
formation in sporulation of Bacillus Subtilis species. This process implies around 5 regulators 
among 51 genes, and it occurs in stage 3, 4 and 5 of sporulation described into 7 stages. We have 
manually found all interactions (133) and their occurrence during the stages we have formalized 
into a final representation (Turenne & Schwer, 2006). Secondly our tool would have to model the 
variation of terminology which is the main problem on which the studies leading to ambiguity 
solving focuse. We compiled a dictionary of 350 temporal markers and we have tagged a working 
corpus (1430 documents with titles and abstracts) to localize all temporal phrases. Hence we have 
associated a number of expressions to each stage of our biological frame (i.e. ontology of the 
domain). Ideally we could imagine a basic string matching co-occurrence between a gene name 
such as sigma K and stage 1. But as some of the expressions show in our corpus it is not efficient: at 
about t1.5, at different times (t-1, to, t1, and t2), attaining maximum expression at t1 and t3, 
beginning at t0.5-1 of sporulation, between 0 and 3 h after the beginning of sporulation (t0 to t3), 
between T0 and T2 and decreased after T3, even at T1.5, stage I, The first stage. If we imagine a 
regular pattern which symbolize the concept “stage 1” we can better reach our goal of association. 
Such pattern should be defined as follows: S = between T0 and T[2-9] | t0 to t[2-9] | t1* | T1* | 
stage I | first stage. And should gather all occurrences of previous cited expressions. We can do the 
same for the concept representing a gene. For instance the pattern: G = sigK | SigK | sigma 27 | 
sigma K | Sigma K, should represent the concept “sigma K”. After crossing the pattern G and S we 
obtain the co-occurrence of the concept “sigma K” with the concept “stage 1”. In the same way we 
obtain the co-occurrence between 2 gene concepts. 
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Tool 
 

Fig.1 General Interface and 
window of stage patterns 
definition. 
The program has been 
written in Perl / Tk. It is 
freely available on the web 
at http: // genome.jouy.inra.fr 
/~turenne/kaskad_download.ht
ml. Main starting features 
are selection of the corpus 
(online from medline, or 
existing one), selection of a 
gene list with their patterns, 
selection a of stage list with 
their patterns. Patterns has 
to be defined by the user. 
The three files can be 
associated and saved into a 
project (see figure 1). 
 

 
Main processing features are gene-gene matrix and gene-stage matrix computing executed 

with the same command. At present only strict pattern / pattern co-occurrence is processed without 
any use of extern linguistic resource for context analysis. Results are displayed on a notebook with 
two TabSheets (see figure 2). On the gene-gene matrix, cases mean numbers of documents in which 
co-occur the line and column labels (i.e. more exactly their associated patterns). About the gene-
stage matrix, computing is the same but cases show if a gene (pointed out at a given line) occurs or 
not at a stage (pointed out by a given column. The user can also display documents in which 
information has been found by clicking on a case. 
 

 
 

Fig.2 Display of results by KASKAD (left, gene-gene matrix; right, gene-stage matrix). 
 

We need to make evaluation of extraction with standard parameters (precision and recall), and 
to study the co-occurrence property (same sentence, same abstract, around a given verb). 
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Thin films of fullerenes and of their derivatives are perspective materials for molecular 

electronics. The development of the film manufactures and examination of their properties are of 
great importance [1,2]. In this work, ab initio calculations of the electron structure, optimized 
geometry and vibrational propearties of meso-tetraphenylporphyrin C44H30N2,(TPP) tetraphenyl 
magnesiumporphyrin MgC44H28N2 (TPMgP) and fullerene based complexes, TPP-C60 and TPMgP-
C60 are carried out. The optical properties of thin films of these materials are studied. The method of 
density functional theory with hybrid functional of Becke (B3LYP) was employed. All the 
calculations have performed at the 3-21G level using the PC GAMESS version of the GAMESS 
(US) QC package and GAUSSIAN 03 suite of programs. It is shown that TPP-C60 is a molecular 
complex with dissociation energy E=0.1 eV, and TPMgPC60 is a charged transfer complex with 
E=0.4 eV. The origin of a narrowing of a HOMO-LUMO gap in the complexes E=1.68 eV in TPP-
C60 and 1.48 eV in TPMgP-C60 as against those in the molecular components 2.73 eV in TPP, 2.87 
eV in TPMgP and 2.96 in C60 is elucidated. The reason is that HOMO and LUMO of the molecular 
complexes stem from HOMO of TPP (or TPMgP) and LUMO of C60, respectively. On these 
grounds one can predict an appearance of additional peak in absorption spectra of the complexes: at 
1.68 eV in TPP-C60 and at 1.48 eV in TPMgP-C60. The excited electron states of the both TPP and 
TPP-C60 are examined using time-dependent DFT method. The energies and oscillator strengths of 
the first 10 excited states for half singlet and half triplet states are found in a good agreement with 
experiment data. The vibrational frequencies and their IR intensities are calculated for the both TPP 
and TPP-C60 are calculated. The results are in an excellent agreement with experiment. The films 
are produced by the original vacuum evaporation method in quasi-closed volume. Optimal 
technological conditions of the films manufacturing are obtained. The dissociation temperature of 
molecular complex into the molecular components is about 570 K. Optical absorption spectra in 
UV, visible and IR regions are studied. Six intensive absorption peaks for TPP are found in the 
region of 1-3 eV: at 1.89 eV, 2.06 eV, 2.21 eV, 2.34 eV and wide peak at 2.74-2.82 eV. On the 
basis of ab initio calculations the absorption peaks are attributed to electron or electron-vibration 
excitations  

This work is supported by the Russian Foundation for Basic Research (Project №.05-02-
17799).  
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Based on a new potential function for the intermolecular forces between buckminsterfullerene 

(C60) molecules, various thermodynamic properties such as enthalpy and entropy of the gas phase 
C60 have been calculated by using the concept of residual properties. In this work the residual 
entropy, residual enthalpy as well as compressibility factor of the gaseous C60 have been obtained 
by using the hypothetical ideal gas state of C60 as a reference state. The temperature and pressure of 
the system were chosen properly to guarantee the existence of buckminsterfullerene in the gas phase 
state.  
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Investigations in which experimental animals were used showed that detonation synthesis 
nanodiamonds adapted to biological studies are a unique material for in vivo experiments. 

Detonation nanodiamonds allow to obtain preparations for all types of injections and to completely 
substitute water in the ration of experimental animals. Water being replaced by nanodiamond 
hydrosol for 6 months didn’t cause the death of experimental animals and didn’t influence their 
growth, weight dynamics of separate organs and histologic pattern of internal organs. However, 
nanodiamonds lead to the increase of leucocytes level in blood and change some biochemical 
indices of animal blood plasma (decrease of cholesterol and bilirubin level, increase of 
triglycerides).  

After intramuscular (rats) and hypodermic (mice) injections it was found 
out that nanodiamond particles are localized at the injection point, 
forming a jellous clot, and contain a significant number of adsorbed 
protein components. No factors indicating an inflammatory process were 
detected by visual examination of the experimental animals or by 
histological and submicroscopical investigations of the preparations.  

Intravenous injections to rabbits (up to 20 ml of preparation containing 
125 mg of nanoparticles) of sterile nanoparticle sols in glucose solutions 
don’t cause the death of the 
experimental animals. According 
to the electrocardiography and 

ultrasound examination data (dogs, rabbits), the observed 
changes in the heart action rhythm and state of internal 
organs are not life-incompatible. At the same time there are 
changes in some biochemical indices. RUDDM 
nanodiamonds produced in Russia on an industrial scale 
(Real-Dzerzhinsk Ltd.) are used in in vivo experiments.  

The absence of a well-marked negative influence of nanoparticles on the organism of experimental 
animals and the observed effects in in vivo and in vitro experiments allow to predict the use of 
nanodiamonds as universal adsorbents. The possibility of the application of diamond nanoparticles, 
for example, for mycotoxin adsorption is being investigated within the framework of the grant 06-
04-90234 RFBR – NSF USA.  
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Introduction. Protein interactions play a particular role among all biomolecules  interactions. They 
are responsible for the majority of crucial biologically processes such as ligand-receptor binding, 
for example, therapeutic agents binding with their targets, enzyme-substrate complexation, fusion 
between viral and cellular membranes, and other interactions between native and artificial 
nanostructures. Theoretically, such protein interactions are described with the widespread molecular 
modeling methods, using the equations, which are common for every molecular interaction type. 
When general algorithms for calculations of the molecular interactions are adapted to specific types 
of protein interactions in nanostructures such as viral particles, it allows increasing a predictivity of 
method but limits its field of application.  The expansion of this filed of application from one type 
of molecule to another relative molecule might be achieved by means of insertion of correction 
factor obtained experimentally. 
An example of semiempirical algorithm of calculation of protein-protein interaction and its 
adaptation to experimental data is given in this study. pH-dependent properties of nanostucture, 
influenza virus particle, were calculated and experimentally measured. pH-dependent 
conformational change of hemagglutinin molecules in the envelope of influenza virus induces 
fusion of viral and cellular membranes with subsequent viral RNA releasing into cytosole. 
Tasks: 

1. The creation of an algorithm for computation of the forces of protein interactions using only 
aminoacid sequence of these proteins and spatial structure of homologous proteins. 

2. The calculation of interactions forces within the complex of protein molecules. 
3. The experimental investigation of the protein interactions kinetics for verification of the 

devised model. 
4. The analysis of the parameters of protein interactions, which were  measured experimentally 

or calculated for possible insertion empirical coefficients. 
5. To analyze the possibility of introducing the empirical coefficients basing on the 

experimental and calculated parameters of protein interaction 
Methods. A main difference of the devised model from models those are used in most of program 
packages for molecular modeling is a force computation way. In the original algorithm initial 
variables are vector fields of forces but not scalar fields of potentials. Such approach allows 
avoiding the necessity to use numerical differentiation and, consequently, exclude related errors. 
Mathematical model for the given algorithm presupposes an explicit expression to compute a force 
value. This, on the one hand, is suitable to insert the empirical parameters and corrections and, on 
the other hand, require a minimum of computer resources.  
Results. The trigger pH values of conformational transition of hemagglutinin molecules for 
different influenza virus strains were experimentally measured. Ones also were calculated with 
devised algorithm. The trigger pH values, which were calculated in accordance with the algorithm, 
qualitatively corresponded to the experimental data obtained. The calculated values, which were 
determined for one of virus sample, became to correspond the experimental data quantitatively, 
when the correction factor was introduced. Thus, results confirmed a working-capacity of the 
developed programming module to apply for modeling the protein interactions. 
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The original algorithm allows calculating the properties of newly designed nanostructures, which 
may be used as intracellular delivery system for therapeutics.  
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TEXT MINING TECHNOLOGY FOR FACT EXTRACTION ON GENE EXPRESSION 

 
V. Sh. Rubashkin1, B. Y. Chuprin2, V. A. Ivanisenko3 V. V. Mironova3, L. M. Pivovarova2, A. S. 
Pisarev4 
 
1) Saint-Petersburg State University, Philological faculty, Department of Computer Science, Saint-
Petersburg, Russia 
2) Saint-Petersburg State University, Institute of Philological Researchs, Saint-Petersburg, Russia 
3) Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia 
4) Saint-Petersburg State Polytechnical University, Department of Computational Biology, Saint-
Petersburg, Russia 
 
Text Mining Technology has appeared as an engineering compromise between limited opportunities 
of existing text analysis and practical needs of text content transformation to well-structured data. 
We consider that a good decision for such compromise is a computational environment, which, on 
the one hand, partial automatically recognizes some relevant information from text and, on the other 
hand, provides maximum of intellectual support of user, who may correct automatic analysis 
results. The ultimate user of such technology is a domain expert. 
Actually, there is not uniform system of genetic terms. Such phenomena as polysemy and 
synonymy are widely spread in the domain texts, the terminological system taken as whole cannot 
be considered logically consistent. So a completely automatic text analysis becomes an extremely 
hard. Therefore we consider the most appropriate task is to develop an expert workplace which 
includes an automatic analysis module. 
This report presents experience of development of early prototype version of such an environment, 
which is directed to scientific papers analysis and extraction of fact that describe an Arabidopsis 
gene expression.  

The data-in of such system is a stream of texts, the data-out - is a relational database table  with 

following fields: 

− gene name 
− organ name 
− localization of expression inside an organ 
− stage of plant development 

Each database record, which contains an expression fact, also includes the text selection that 
describes the fact. In the future the results of analysis should be exported to the AGNS database 
(Omelyanchuk N. et al. (2006) AGNS-a database on expression of Arabidopsis genes. 
Bioinformatics of Genome Regulation and Structure II. Springer Science+Business Media, Inc. 
433-442). 

 In prototype version there is implemented tokenization, morphologic and conceptual 
analysis and elements of bounded inference. 
 The working of system is supported by the morphological dictionary and the problem-
oriented ontology. The morphological dictionary provides a lemmatization, a part of speech  
tagging and a collocations recognition by their linear context. The ontology provides the conceptual 
analysis, the bounded inference and connection with the scheme of the target database. The 
ontology is based on terminological dictionaries which have been created by domain experts.  
 The system has an open architecture designed for the further evolution. 
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 Traditional drug delivery forms do not provide the patient 
with the optimum of concentration of the prescribed drug in human 
body. This factor brings such consequences as drug underutilization, 
toxicity and, finally, confines the range of possible drugs to the 
substances with good physiological solubility. Advances in research 
at the turn of pharmacology, molecular biology and nanotechnologies 
let us hope that most of these weaknesses won’t appear in 21 century.  
 Using bio-degraded polymers of specified properties in drug 
delivery will not only increase the bioavailability of a drug, prolong 
its effect and minimize its toxicity but will also promote targeted 
delivery of it. Realization of such approaches, including 
nanotechnology implementation, seems well founded and may be one 
of the most relevant tasks for the Russian biotechnological society.  
 Conception of controlled drug delivery systems based on bio-
degraded polymers,which is being developed by CDRI scientists in 
collaboration with ChemDiv’s partners, allows solution of some 
problems of applied medicine. Using specific nanofilaments can be 
formed a polymer matrix (polymeric film) with a drug inside (usually 
it mixes with polymer). When this device reaches the right location in 
the tissue - drug releases and hit the mark. Sometimes polymer 
contains drug and a second component which is typically hydrophilic 
and diffuses out, rendering the polymer porous thus releasing the 
drug. 

Saint-Petersburg International Workshop on NanoBio Technologies  
27-29 November 2006 

 Another type of drug delivery vehicle is polymeric reservoir 
with a drug contained by the polymer. Chitin (natural polymer) or 
other synthetic polymer (such as polyhydroxybutyrates) can play a 
role of such “capsid”.  
 The most important polymers for oral delivery are hydrogels 
and muco adhesives. The first class is represented by three-
dimensional, hydrophilic polymeric networks, swollen with water. 
Cross-linking between polymer chains determines swelling and gel 
flexibility. They can be ionic (acidic or basic) or neutral dependent on 
desired application. Drug release is accomplished by diffusion or 
active efflux. Second one, mucoadhesive, is a subclass of hydrogels. 
Feature of all mucoadhesives is an ability to localise at mucus 
membrane via adhesive interactions as they contain functional groups 
for binding to mucosal surfaces – primarily H-bonding and have 
pendant chains for intimate contact and interdigitation with mucins.  
 Thus, controlled drug delivery can make a significant 
improvement in medical treatment. First of all, it’s a maintenance of 
drug levels within a desired range. As a result cure becomes more 
efficient and needs for fewer administrations. Second, it improves 
delivery of “difficult” drugs: slow release of water-soluble drugs and 
fast release of poor soluble drugs. Synergy effect is also expected by 
combining several substances in one polymer matrix.  
 All the system described above should be aimed to deliver 
essential benefits to patients, make their therapy better and, in the 
long run, improve comfort and standards of living. Efficient use of 
expensive ingredients and reduction in production costs will make 
medical treatment much more available for wide range of patients. 
This is an urgent question for Russian patents. They need effective 
but not expensive drugs. On the other hand, using such innovations 
will stimulate Russian pharma companies to develop new drugs 
based on their own patents. Modernization of wide-used, time-proved 
medicines will prolong their life span on the market and improve the 
therapeutic efficacy at the same time.  
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