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Introduction

Chemical and biological sensors based on the molecular recognition of molecular and biomolecular targets are of a special importance to provide appropriate security at various public places, houses and office buildings to mention a few. Currently a great attention is paid to the problems of biochemical monitoring. 

We propose to use microcantilever sensors covered by traditional and also specially designed receptive layer for highly sensitive detection of different substances in liquid and gaseous media. It is worth note that the sensors exhibit high selectivity in liquid environment because usually the non-specific binding does not lead the changes in surface tension and consequently the cantilever bending does not occur. In the course of this project we are planning to study the properties of thin biopolymer films which will be used as an adsorbing layer in sensors. Multi-cantilever system with sophisticated data and signal analysis will be implemented. The proper reference cantilever design and the corresponding filtering system will eliminate the appearance of false signals. The results of the project can be used for the creation of ultra fast methods for diagnosis of biochemical agents in blood and other physiological human liquids.
The developed technology should replace old methods and will provide new possibilities:

· increased detection sensitivity so that  the discovery of individual macromolecules attached to the sensor surface will become possible  (air conditions);

· high selectivity of the sensors which is based the on the molecule recognition and multi-array cantilever design with multiple reference channels;

· efficient remote control of the sensor network with different types of sensors, safe data transfer protocols with decision making software base on the elements of artificial intellect.  

Technical features of the analyzer for liquid environment are listed below:

· advanced accuracy (0,05 nM)

· increased detection rate up to 20 min.

· label-free detection (reduced number of analysis cycles)

· twenty-four-hour bedside clinical diagnostics

· working period of sensor element (sensitive layer) – more than one week

· remote operation
The Technical Progress
Accomplishments achieved so far compared to the approved version of the Project Plan
Biospecific binding between complementary DNAs 
The team of PhD A.V. Bolshakova has continued the experiments with DNA. The researches were focused on the characterization of efficiency of biospecific reaction on the cantilever surface. Complementary DNAs were chosen for these experiments.  One DNA with modified 5’-end was immobilized on gold surface of cantilever (Probe DNA) and another one was in analyte solution. It was defined how specific binding of two complementary DNA influence the generation of the surface tension on the gold surface of a cantilever.
For this type of experiments new device – Atomic Balance cantilever system – was used. This instrument was purchased for the project fulfillment. All cantilever deflection measurements were done with cantilevers for Atomic Force Microscopy fpC01 (F.V. Lukin State Research Institute of Physical Problems). Probe and target DNAs were produced by Korean company Bioneer. Sequence of the Probe DNA was 6TTT TTT TTC TTT CCT TCT ATT CGA GAT CTC CTC GA (5’ thiol modification, 18 C-atoms spacer) and of the Target DNA TCG AGG AGA TCT CGA ATA GAA GGA AAG. For back-filler we have used HS-C11H22-EG-OH produced by Sigma. Tris-EDTA buffer was prepared before experiments from commercially available reagents (Sigma)

Experimental protocol:
1. Stabilization of cantilever deflection signal in Tris-EDTA solution environment (pH 7.4).

2. Probe DNA (10 uM) diluted in Tris-EDTA buffer was injected in liquid cell of Atomic Balance sensor device . Data were obtained for 8 hours.

3. Water and ethanol washing (5 ml of ethanol was injected in liquid cell several times).

4. Stabilization of cantilever deflection signal in ethanol environment.

5. Back-filler (5mM) diluted in ethanol was injected and experiment was provided for 4.5 hours.

6. Ethanol washing (5 ml of ethanol was injected in liquid cell several times). 

7. Stabilization of cantilever deflection signal in Tris-EDTA solution environment (pH 7.4).

8. Target DNA (10 uM) diluted in Tris-EDTA was injected in liquid cell. Monitoring of DNA hybridization process proceeded about 13 hours (full process).

Since late 80s, when the ability of thiols and disulfides to form robust monolayers on gold surfaces was established [1,2], the field has exploded with applications. The thiol-stabilized interfaces are used in a range of studies, from stabilization of gold nanoclusters in studies of their size effects on electronic, optical and chemical properties, to development of novel nano devices. That is why we have used Probe DNA which contain disulfide group to immobilize this DNA on gold surface. In the work [3] data about sorption disulfides on the gold coated cantilever are presented. We have found that the full chemosorption of disulfides on gold surface of cantilever has ended after 8 – 10 hours. This information is very important for the preparation of DNA sensor with good sensitivity because cantilever detector sensitivity is better when quantity of active groups is bigger. So, the maximum of active groups for this sensor system should be after 8 – 10 hours.

The scheme on fig. 1 shows the chemical mechanism of gold coated cantilever modification.  
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Fig. 1. Scheme of oligonucleotide immobilization on gold surface.
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Fig. 2. Dependency of cantilever deflection on time (right), schematic image of intermolecular binding in layer of DNA

The dependency of cantilever deflection on time during disulphide chemosorption is shown in fig. 2. After this reaction the cantilever was bended to the gold surface, which means that new intermolecular bindings between neighbor molecules in layer appeared (fig. 2).
After immobilization of Probe DNA there are two types of molecules on cantilever gold surface: the first one is DNA and another one is 6-thiohexanol. Special back-filler HS-C11H22-EG-OH was used in ethanol solution for blocking unreacted gold surface. The dependency of cantilever deflection during back-filler modification upon time is shown in fig. 3.
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Fig.3. Dependency of cantilever deflection during back-filler modification upon time

The cantilever in this case was bended to silicon surface. It means that there are any repulsive interactions between neighbor molecules in monolayer. We propose that during the chemosorption of back filler on surface a lot of hydroxyl groups appeared and the interaction between them increased. The same effect was observed with aminogroups when the chemo sorption of 4-aminothiophenol on gold coated cantilever was studied [4].
After back-filler modification the process of specific binding between complementary DNA was observed (fig.4). During this reaction the cantilever has bended to the gold surface, it means that the new bindings between neighbor molecules appeared or some repulsive interactions disappeared. From this dependency it is evident that it is needed about 12 hours for full specific sorption of Target DNA on Probe DNA. Still the definite signal which approves the affinity interactions between these molecules could be seen in several minutes after the start of the experiments. For this reason it is evident that it is possible to use the cantilever detectors for express DNA analysis.  
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Fig. 4. The time dependency of cantilever deflection during specific binding of Probe and Target DNAs. 
All previous results are presented in one figure (fig. 5): it provides easy comparison of the whole experimental data.
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Fig. 5. Summary results of all obtained data during DNA experiments.
So, from fig. 5 it can be seen that chemo sorption of back-filler on gold surface of cantilever influence the cantilever deflection bigger than Probe and Target DNA. Possibly it is correlated with the special features of self-assembly thiol monolayers [4]. 
Formation of polymer polyelectrolyte films on charged surfaces of the cantilever
Thin films of multilayered materials can be fabricated by dipping substrates consecutively into solutions of polyanions and polycations [5]. Materials obtained by this layer-by-layer assembly are currently investigated for drug delivery, fuel cells, paper making, and sensing applications. 

The preparation of free-standing polyelectrolyte films is based on a multistep process. First, polyelectrolytes are adsorbed onto a solid substrate. Second, the polyelectrolyte film is removed from the substrate by exposure to a certain pH value or solvent. As a result of the removal of the polyelectrolyte film, the stress that was inside the polyelectrolyte film can relax. The freestanding polyelectrolyte film may then deform, fold, or wrinkle, owing to buckling instability. The stress inside the polyelectrolyte films may be generated by inter- and intramolecular forces. Furthermore, the shrinking, swelling, and etching of the polyelectrolytes may occur due to the adsorption of molecules, change of pH, or from variations in salt concentration [6].

During the second six months of the first year of NATO project team of PhD A.V. Bolshakova has studied the process of sorption of poly(N-ethyl-4-vinylpyridinium bromide) (PEVP) on the negative charged cantilever silicon surface with Atomic Balance device. 
PEVP (fig. 6) was synthesized by quaternization of poly(4-vinylpyridine) with excess ethyl bromide [7]. Poly(4-vinylpyridine) from Aldrich with a degree of polymerization equal to 600 was used throughout. The resulting product was actually a copolymer containing 95 mol.% of ethyl-quaternized pyridinium rings and 5 mol.% of residual 4-vinylpyridine units as found by IR spectroscopy while measuring the ratio of intensities at 1600 cm-1 and 1640 cm-1[8]. PEVP concentration is given in moles of quaternized units per liter. 

[image: image7]
Fig. 6. Poly(N-ethyl-4-vinylpyridinium bromide)  mol.% of ethyl-quaternized pyridinium rings and 5 mol.% of residual 4-vinylpyridine units
All experiments with PEVP were done with Atomic Balance device using common cantilevers for Atomic Force Microscopy fpC01 (F.V. Lukin State Research Institute of Physical Problems).
Kinetics of adsorption of polycation and quantity of adsorbed polymer depends on charge on the surface. Method of nanomechanical cantilever systems could help to understand particular features of polylayer formation. For experiments with PEVP four cantilevers were put in piranha solution (H2O2, 30% - solution in water and  H2SO4  ,98%) for 2, 12, 24 and 48 hours. Some amount of -Si-OH groups appear on silicon surface after acid modification of the cantilever which depends upon time of incubation in acid solution. These groups can partially dissociate in water solution and form negative charges on the silicon surface. When the PEVP was injected in liquid cell of Atomic Balance device the equilibrium in system cantilever-polycation should be moved to adsorption of the polymer on the silicon surface (fig. 7).
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Fig. 7. Scheme of adsorption of PEVP on silicon surface
The time dependences of deflections of cantilevers with various times of incubation in acid solution are presented in fig. 8.
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Fig. 8. Time dependences of deflections of cantilevers with various times of incubation in acid solution
Obtained data well correspond to theoretical suppositions: the longer cantilever incubation the bigger cantilever deflection. In fig. 8 it corresponds the following observation: the cantilever which was incubated for 48 hours in piranha solution has the deflection dependence about 230 nm. It is bigger then for cantilevers which were in acid solution for 12 and 14 hours. Cantilever which was incubated for 2 hours was stable in water solution for six hours and after that it began to bend to gold surface due to adsorption of polymer on gold surface. 
AFM control of polyelectrolyte layers on mica surface with various charge
The same experiments like described in previous paragraph were carried out for mica samples. Twenty pieces of mica (50 mm * 50 mm) were divided on 5 groups; everyone contained 4 pieces of mica. First group of sample was incubated in piranha solution for 2 hours, second one for 6 hours, third one for 24 hours, forth one for 48 hours and fifth one for 72 hours. Then the following procedure was repeated for each group: fist sample was put in PEVP for 30 minutes, second one for 2 hours, third one for 4 hours and fourth one for 6 hours. Then all samples were dried and measured with atomic force microscopy (AFM).

	   
[image: image10.emf]
30 minutes in PEVP
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2 hours in PEVP
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4 hours in PEVP
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6 hours in PEVP


Fig. 9. AFM images of samles which were incubated for 2 hours in piranha solution and various time in PEVP

AFM images of samples which were incubated for 2 hours in piranha solution are show in fig. 9. Separate polymer molecules with thickness about 0.5 nm definitely can be seen on mica surface in 30 minutes.  Also it is possible to determinate some aggregates on this surface. After two hours it is possible to see also separate molecules which are closer to each other and somewhere the small pieces of layer begin to appear. The same situation is observed on samples which were incubated for 4 and 6 hours. This fact supposed that the period of two hours is not enough for appearance of the sufficient surface tension during the  formation of electrically charged layer. For this reason cantilever deflection during the experiments using Atomic Balance was not observed.
For samples which were incubated in piranha solution for 6 hours a little bit similar situation like for samples modified in acid for 2 hours can be seen. Also after 30 minutes it is possible to determinate the separate molecules but its surface concentration is much bigger. On sample which was incubated in PEVP for 6 hours there are small pieces of layer and closely situated molecules. Interactions between neighbour PEVP is possible.
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Fig. 10. AFM images of samples which were incubated for 6 hours in piranha solution and various time in PEVP
AFM images of samples which were incubated in piranha solution for 24 hours are presented on fig. 11. After 30 minutes of polymer modification it is possible to determinate the layer with thickness about 0.5 nm and a lot of aggregates on the surface. So it is possible to propose that so as the surface had a significant charge after 24 hours of acid modification the velocity of layer formation is so high that after 30 minutes already film of PEVP with defects may be determinate.  AFM image of the sample which was obtained after 2 hour of polymer modification is the same but amount of aggregates is bigger. After 4 hours of PEVP incubation on surface it can be seen small pieces of second layer. After 6 hours the amount of these pieces became bigger but there size became smaller.
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Fig. 11. AFM images of samples which were incubated for 24 hours in piranha solution and various time in PEVP

For samples which were incubated in piranha solution for 48 and 72 the situation is similar that is why in this report only images of samples which were in acid solution for 72 hours are observed (fig. 12). The increase of layer density on time is observed for these samples. It is possible to make following interpretation of this fact: for polycation is much more effective to bind with negative charged surface due to electrostatic effects than to form the second layer. For this reason the increase of layer density is observed.
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Fig. 12. AFM images of samles which were incubated for 72 hours in piranha solution and various time in PEVP
Actions taken to ensure the implementation of the end-results
Development of the software for remote of Cantilever Sensor System
The model of the cantilever sensor was created before the development of the prototype (Fig. 13). This device consists of special optical system of the cantilever deflection detection and liquid flowing system. Using this model of cantilever sensor we have studied deflection of the cantilever modified with IgG during the reaction with horseradish peroxidase. 
During this period of the NATO project Dr. Yaminsky’s team has developed the new software FemtoScan Bioline for remote control of cantilever system prototype. 

Cantilever sensor prototype set-up consists of several functional parts (units), that is shown on  fig. 13. These parts are – mechanical part of cantilever sensor ; analog-to-digital (ADC) and digital-to-analog (DAC) conversion electronics, that also contain hi-voltage amplifiers; digital signal processing (DSP) board; computer, that collect information and provide user interface. 

[image: image26.emf]
Fig. 13. 1 - Cantilever sensor prototype Set-up., 2, 3 - DAC and ADC conversion unit, 4 - DSP board, 5 - computers (left computer - server, right computer - remote user).

The server part of the software is working under Windows  XP or Vista operational systems. These operating systems were chosen as a platform for the software mainly because they are convenient, well-known, available for a user, and have a network interface.

Software structure can be divided into several levels. The lower level - DSP board signal processing program. Second level - operating system driver, that allow to exchange data with DSP board through input/output ports. Third level - Server, that allows remote users to connect to the cantilever sensor, and forth level - client software user work with. This structure is a result of qualities this system should satisfy: precise process synchronization, hi-speed data transfer, [image: image27.png]


network support, convenience in usage. Synchronization is provided by DSP board, hi-speed data transfer is obtained by installing DSP board directly into motherboard slot, and by denying to use standard data transfer scheme which use slow data transfer devices (COM, Parallel or USB ports). Client-server program structure make possible to use networking.
These components will be described in details further.

DSP board program

DSP board program forms all driving signals for digital-to-analog converters (DAC) and analog-to-digital converters (ADC) and stepper motor controller. These driving signals set DAC values, start signal conversion. Driving signals formation is defined by measurement regime. There is a timer in DSP processor which makes precise synchronization of measurement process.

Measured signal value goes through ADC to signal processor. Afterwards the values of measured signal go to a computer for further analysis. So, computer is processing data, and DSP board runs the tasks, in which time schedule is critical.

In the standard mode up to 2 ADC signals can be used for measurement at the same time and maximum amount of 16 signals from DAC that can be produced simultaneously. 16 ADC addresses can be set by changing variables that stored in signal processor memory, and it doesn't need to rebuild the program to do this.

Thus measurement parameters can be tuned by changing these variables, so the cantilever sensor prototype can be fully controlled by computer. It allows automating measurement process. And by using network technologies fully supported by "FemtoScan Bioline" software, and it is possible to drive the measurement process even from the other side of the Earth.

Operating system driver

All communication between a computer and DSP board are going trough input-output ports of ISA bus. Access to these ports in Windows operating systems family is allowed only for drivers, which work on the operating system's core level. So, the driver is needed to escape this limitation. Besides, data buffer in the DSP board become full with rather high speed during measurement, and these data need to be taken with some period. In other case information will be lost. Programs that run on the user level of operating system depend much upon the systems resources, number of programs running, and due to this they cannot provide speed and synchronization level that is needed to communicate with input/output ports. When the data stored it the DSP board are ready to transfer, it generate an interruption. Responding to this interruption driver reads data from the board and transfers it to a server for further processing. Different interruption processing scenarios are possible depending on measurement regime. Obtained data are filtered in special way to exclude unnecessary information. It allows to reduce processor usage.

Server

Server part of the software creates connections between operating system driver and client(s), i.e. cantilever sensor prototype users. This program is installed on the computer with DSP board only, and it differs this program from client software part, which can be installed on every remote computer. Server provides data acquiring from DSP board, data storing and data transfer to remote clients. The server provides interface for measurement process monitoring, allows downloading program to DSP board. Server has an oscilloscope window that can show driving signal.

Parameters that can be defined using the server software are ADC addressing, maximum allowed number of users and others. An independent data buffer is generated for each client. Information from this data buffer is loaded in asynchronous regime. Information about current connections can be shown in event window with special command.

Only one user can control the device. To do it user should connect as Master. The rest of the users can observe measurement process only (in this case users connect as Client).

If a connection between user and server was broken, user disconnected from the server automatically. It allows escaping internal data buffer overawe. When a user disconnecting from the server it doesn't affect other users work because data transfer is going in asynchronous regime.

Client

Client software part is a program, with which user work. Because of this a special attention had been paid to developing this program and making it better. This program can run under Windows 95, Windows NT and Window XP operating systems. TCP/IP protocol is used to connect to the server. It allows connecting to the server not only within local network, but also through Internet. All measurement parameters, which were defined by user, are transferred to the server and then to cantilever sensor prototype and to other users, connected as clients. After the measurement process is started number of windows is open. In these windows different data are representing in real-time manner obtained results, measurement mode, speed of cantilever position detection. At the same time user can process the data acquired using wide range of different functions, included in the program. Client-program has lots of different functions for experimental results processing and analysis. With this functions user can easily extract needed information from obtained data. If some sets of operations are used frequently it is possible to group these operations in single macro command, which can significantly decrease time loses.
Development of the Cantilever Sensor Prototype
During this period of project team of PhD G.B. Meshkov has developed the Cantilever Sensor Prototype. Previously developed programs for Hurco VM1 machine were used to produce mechanical parts of Cantilever Sensor Prototype (Fig.14). 

[image: image28.jpg]



Fig. 14. Mechanical part of Cantilever Sensor Prototype.
Cantilever Sensor Prototype was developed based on principles of optical part of common AFM. Optical detection system contained laser, photodiode and system of mirrors operate with special developed liquid cell where cantilevers are situated. The system has two modes of operation:
· Resonance mode:
- Mass and mass variation kinetics measurements
- 1 pg mass can be measured in air, in standard conditions 
- Relative error of measurements - 5% 
· Static Deflection: 
- Measurements of surface tension in thin films 
- Monitoring of surface tension in thin films under different physical and chemical conditions
- Relative error of the measurements - 5% 
Electronic unit has following control parameters: Input signal measurement with a precision ADC (resolution -  16 bit, measuring time 10 µs), DSP control (working frequency 133 MHz), Frequency synthesizer (frequency resolution 32 bit, phase resolution 12 bit, amplitude resolution 10 bit), 12 additional DAC (data width 16 bit, measuring time 10 µs)
Milestones for the next six months
We will continue researches concerning to characterization of various biospecific reactions (DNA, antigen-antibody and others). Experiment on the model set-up of cantilever sensor is planed to carry out. 
We would like to compare data which were obtained using the Atomic Balance cantilever system with data of force spectroscopy and to analyze how intermolecular force of specific binded molecules influence on lateral forces in laer.  

Also studies of origins of mechanical tension will be continued. We will try to monitor the formation of various types of films in various conditions using Atomic Balance cantilever system. Influence of nanoscale surface roughness on quality of cantilever sensors will be investigated.
We will continue to develop the conception of high-sensitive microcantilever sensor creation. During next six months we plan to provide optimization of the Cantilever Sensor’s prototype.
In next six months implementation of project results at end-users will begin. So, we should to integrate Cantilever Sensor to manufacturing process and to begin producing of high precision cantilever sensor analyzer. 
Involvement of young scientists in the Project

Young scientists involved in the project play one of the most important roles in the researches. They have made experiments concerning  DNA immobilization researches, PEVP immobilization researches and constructing of the Cantilever Sensor prototype. Young scientists from the team of I.V. Yaminsky have developed the cantilever sensor prototype. Personal data of each young scientist who have been involved in project are presented in the following table.
	Team of A.V. Bolshakova

	P.V. Gorelkin
	PhD-sudent of Chemical faculty of M.V. Lomonosov Moscow State University
	Research of the formation of PEVP films on cantilever silicon surface, DNA experiments 

	Team of I.V. Yaminsky

	E.V. Dubrovin
	PhD of Physical faculty of M.V. Lomonosov Moscow State University
	DNA immobilization researches

	D.V. Kolesov
	PhD-student of Physical faculty of M.V. Lomonosov Moscow State University
	Computer modeling of the cantilever sensor prototype

	A.S. Erofeev
	PhD-student of Physical faculty of M.V. Lomonosov Moscow State University
	Patent application

	A.P. Gromova
	Student of Physical faculty of M.V. Lomonosov Moscow State University
	Electronic system development

	A.D. Suchko
	Collaborator of Physical faculty of M.V. Lomonosov Moscow State University
	DNA and viruses immobilization researches

	D.S. Muhin
	PhD-student of Physical faculty of M.V. Lomonosov Moscow State University
	Project management

	Team of G.B. Meshkov

	E.A. Menshikov
	PhD-student of Physical faculty of M.V. Lomonosov Moscow State University
	Interferometer applications to AFM development

	I.A. Usov
	Student of Physical faculty of M.V. Lomonosov Moscow State University
	Software development

	O.V. Sinitsina
	PhD-student of A.N. Nesmeyanov Institute of Organoelement Compounds RAS
	AFM studies of graphite surface

	Team of Y.L. Lubchenko

	Aleksandr M. Partillo
	PhD-student of College of Pharmacy University of Nebraska Medical Center, Omaha,
	Force spectroscopy


Major travel

The purpose of the mission of  Bolshakova A.V. and Sinitsyna O.V.: travel to the “E-MRS 2009 Spring Meeting” in Strasbourg, France. Bolshakova A.V. had a poster presentation “Atomic Force Microscopy Studies of Living Bacterial Cells in Native Soil and Permafrost”. Sinitsyna O.V. had a poster report “Scanning Resistance Microscopy: Imaging of Graphite Surface Defects”. Bolshakova A.V. and Sinitsyna O.V. participated in the sessions of symposium “Bioinspired and biointegrated materials as new frontiers nanomaterials”. 

Visits by experts/advisors and NATO consultant
These visits are planned for the future periods.
Visibility of the Science for Peace Project

I. Scientific Publications

1. G.Kiselev, K. Zinoviev, I.Yaminsky, C.Domiguez. Microcantilevers as Surface Stress Transducers. Nanoindustry, 4/2009 (16). 46-49.

2. D.Yaminsky, I. Yaminsky. Nanometer standard. Nanoindustry, 4/2009 (16). 44-45.
II. Presentations in other journals or at conferences; articles in newspaper; web-site, etc.
1. Bolshakova A.V., Vorobyova E.A., Yaminsky I.V., Moscow State University, Atomic Force Microscopy Studies of Living Bacterial Cells in Native Soil and Permafrost, E-MRS 2009 Spring Meeting (08 june 2009 – 12 june 2009), Strasbourg, France
2. Sinitsyna O.V., Meshkov G.B., Yaminsky I.V., Scanning Resistance Microscopy: Imaging of Graphite Surface Defects, E-MRS 2009 Spring Meeting (08 june 2009 – 12 june 2009), Strasbourg, France
3. Peter Gorelkin, Gleb Kiselev, Alexander Filonov, Igor V. Yaminsky, Applications of nanomechanical cantilever devices for biosensor applications, E-MRS 2009 Spring Meeting (08 – 12 june 2009), Strasbourg, France
4. P.V. Gorelkin, G.A. Kiselev, I.V. Yaminsky, Preparation of high selective nanosensors based on cantilevers, Third International Conference “Modern Trends in Bionanoscopy”, 16-18 June, 2009, Moscow, Physical Department, Moscow State University, p. 19
5. A.V. Bolshakova, E.A. Vorobyeva, Scanning force microscopy of soil bacteria, Third International Conference “Modern Trends in Bionanoscopy”, 16-18 June, 2009, Moscow, Physical Department, Moscow State University, p. 13
Technical and administrative difficulties encountered and action taken to overcome them 

  
Changes in the Project Plan and their expected impact on budget and schedule

Conclusion
During the second six months of first year of the project we have obtained value results for high precision cantilever sensors development. Bolshakova’s team has investigated the formation of DNA receptor layer on the gold surface of the cantilever, influence of back-filler for sensor creation. Possible application cantilever sensor for DNA detection was shown.

Bolshakova’s team has studied the specific of multilayer formation of polyelectrolyte films on silicon surface of the cantilever with various amount of charge. Special methodic of PEVP modification of the cantilever was developed.

We continued the development of cantilever sensor prototype and team of Dr. I.V. Yaminsky has developed the special software for remote control of the cantilever sensor prototype. Team of PhD G.B. Meshkov has developed the mechanical and electronic part of this device.

During this period of project Bolshakova A.V. and Sinitsyna O.V. have traveled to the “E-MRS 2009 Spring Meeting” in Strasbourg, France to make poster reports and to discuss problems about new materials for cantilever sensors creation. 
So for these facts we could say that the work of this stage of project is successfully realized. All this actions were taken to ensure the implementation of the end-results.
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