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Abstract: Biosensors are important devices used for diagnostics or imaging of living organisms 

or structures on a cellular level. There are many requirements for construction of biosensors 

from physical to biological point of view. Nanodiamond (ND) meets these requirements and 

therefore is suitable for application as a nanoscale biosensor. Nitrogen-vacancy (NV) centres 

fabricated in NDs are widely studied luminescent point defects that emit fluorescence of longer 

lifetime than ordinary fluorophores. This offers higher contrast and easier detection in a cell 

environment. Here we present a method for sample preparation of single ND particles to 

characterize luminescence lifetime of their NV centres. Luminescence lifetime and spectral 

characteristics of NV centres are also reported.  Luminescence spectra of measured NV centre 

were linearly dependent on intensity of excitation radiation. Luminescence curves exhibited 

stable shape with increase of excitation intensity. Analysed luminescence lifetime of NV centres 

is measured as 22.9 ± 0.8 ns. 

Introduction 

Nanodiamonds (NDs) are material 

with an excellent mechanical and optical 

features. Their biocompatibility and 

nontoxicity makes them valuable tools 

for applications in biomedicine. One of 

their main advantage is a possibility to 

artificially fabricate luminescent point 

defects in their crystal lattice. These 

defects are called nitrogen-vacancy (NV) 

centres and they have been widely 

studied for applications in many fields of 

science.[1][2] 

There are two types of NV centres, 

neutral NV0 (emission on 575 nm) and 

negatively charged NV- (emission on 638 

nm).[1][2] One of the most important 

feature of NV centres is the ability to 

emit stable fluorescence without 

negative effects such as photobleaching 

and photoblinking. NV centres emit 

luminescence of longer lifetime than 

ordinary fluorophores (6 – 24 ns), such 

as NADH, Rhodamine B or other 

fluorescent dyes and this value can be 

even higher depending on 

conditions.[3][4][5][6] However, NV 

fluorescence might suffer from 

quenching depending on various 

effects, such as concentration of 

nitrogen atoms[3][4] and spatial location 

of NV centres in ND particle.[3] 

Luminiscence of NV centres is quenched 

proportionately to the amount of 

nitrogen atoms (depending on its form) 

near the emitting centres.[6]  Spatial 

location of NV centres is a very 

important parameter which strongly 

depends on the creation process.[3]  

There might occur energy transfers 

through the dipole-dipole coupling 

mechanism between luminescing 

centre and electric dipole with nitrogen 

centres and cause reduction of decay 

time. Energy transfers could than result 

into quenching. Another parameter 

affecting luminescence of NV centres is 

for example a presence of scanning 
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probe. When a probe is in contact with 

ND, they behave as a dielectric antenna 

and the life time of NV centres is 

reduced depending on the shape and 

position of the tip. This may result, when 

combining FLIM and AFM, in a different 

shape of the particle imaged by a 

FLIM.[5]  

Because of previously mentioned 

and many other manifestations, 

nanodiamonds are experimentally 

investigated for sensoric and 

biosensoric applications.[2][4][5][6][7][8] The 

large heterogeneity in NV luminescence 

life time offers higher contrast and 

easier detection of NDs in a cell 

environment. Understanding the 

variability in fluorescence life time of NV 

centres and an effect of surrounding 

environment, are necessary information 

to develop a nanoscale biosensor based 

on nanodiamonds.  

Our goal is to determine the 

influence of the surrounding 

environment on the luminescence 

lifetime of NV centres to better 

understand its wide heterogeneity. 

Variability in fluorescence lifetime of 

nanodiamonds in various applications 

and environments were observed but 

has not been fully described, yet. To 

achieve that, we will characterize 

lifetime of NV centres and spectral 

properties in dependence on various 

parameters, such as intensity of 

excitation radiation, size of the particles, 

refractive index of the surrounding 

environment and mutual arrangement 

of the particles combining fluorescence 

life time imaging and atomic force 

microscopy. Similar methods combining 

FLIM and AFM for measurement of NDs 

with NV centres were performed in 

[3][5][6][9]. 

Our work will also contain 

developing a methodology for 

preparation of single ND particles. 

Important part is finding optimal 

substrate that would allow proper 

distribution of nanodiamonds and 

would not affect luminescence of NV 

centres in the sample. For that we use 

Polyethylenimine (PEI) which increases 

surface wettability and therefore lowers 

contact angle of water drops containing 

ND particles. Substrate plays a 

significant role in detection of 

luminescence of NV centres. [8] 

Presents an experiment where a 

supportive aero-gel based substrate 

prolonged fluorescence life time and 

raised quantum yield of NV centres 

(especially NV-). Effect of substrate is 

connected with a refractive index of 

environment around the emitter. Local 

electromagnetic field can be changed by 

modifying the refractive index and could 

lead to enhanced emission and reduced 

life time by even more than 60 %.[6] 

Materials and methods  

Experiment was performed on 

HPHT “type Ib” NDs containing nitrogen 

and vacancies which were created by 

irradiation of high energetic protons 

(5.4 MeV). To produce fluorescent NV 

centres, NDs were thermally annealed 

in vacuum at 710 °C. Size of NDs was 

approximately 30 – 70 nm. To modify 

surface, Polyethylenimine (PEI) of 

molecular weight 2 000 (PEI 2 000) was 

used in order to obtain hydrophilic 

surface and to achieve better 

interaction with ND aqueous solution. 

Solutions for the lifetime measurement 

and study of distribution of NDs were as 

following: 0.001 mg/ml (AFM), 0.01 

mg/ml ND (FLIM+AFM), 0.1 mg/ml 

(AFM).  
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Preparation of substrate and 

nanodiamond samples 

Cover slips were cleaned by the 

following process: Cover slips were 

inserted into beaker filled with isopropyl 

alcohol and sonicated (60 °C, 15 min.). 
Cover slips were than washed by 

demineralized water and were 

sonicated again with same parameters. 

To support cleaning process, cover slips, 

as a substrate, were modified using 

oxygen plasma to create more 

hydrophilic surface (Institute of Physics 

of the Czech Academy of Sciences). 

After the oxygen termination 150-200 µl 
of PEI were applied on cover slip. 

Oxidize cover slip with PEI was washed 

for 5 minutes in Petri dish and finally 

washed using syringe. After that, 150 µl 
of solution containing NDs of mentioned 

concentrations were applied on O-

terminated cover slip with PEI to create 

three series of samples. 

Spatial distribution of NDs was 

measured on atomic force microscope 

(AFM) (JPK instruments, Germany). To 

analyse spatial distribution contact 

angles of substrates were measured by 

taking a photograph of drop of water on 

the substrate and evaluating using 

graphic software ImageJ. Luminiscence 

lifetime of NV centres and their spectral 

characteristics were measured using 

Confocal Fluorescence Microscope 

MicroTime 200 (Picoquant, Germany) 

with single molecule sensitivity using 

picosecond pulse laser (532 nm).  

Results 

Spatial distribution of nanodiamonds 

As an initial measurement to find 

method to prepare single ND particles, 

contact angles of used substrates were 

measured to determine which substrate 

modification express high hydrophilicity 

(high wettability), low contact angle 

(Figure 1).  

 

 

 

Figure 1. Water drop contact angles on 

various substrates. (A) Cover slip (B) 

oxidized cover slip (C) oxidized cover slip 

with PEI 200 

 

The contact angles of water drops 

were as following: Contact angle of 

cover slip without any special treatment 

(A) 34.8 °, for oxidized cover slip (B)  
17 ° and for oxidized cover slip with PEI 

(C) 12.5 °. It is clear that PEI significantly 

raised wettability of the substrate and 

therefore lowered contact angle. 
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Next step included AFM imaging 

(semi contact mode) using modified 

substrate with concentrations of NDs: 

0.001, 0.01 and 0.1 mg/ml in order to 

find appropriate concentration of NDs 

to characterize luminescence features 

of NV centres in single ND particles 

(Figure 2). In order to ensure 

measurement of truly single-particle 

luminescence, minimal distance of two 

adjacent NDs is ~1um, as required by 

the resolution criterion for a diffraction-

limited image. Another issue is to keep 

surface concentration of NDs 

sufficiently low to prevent clustering of 

particles. Concentration 0.001 mg/ml 

(A) resulted in almost no presence of 

NDs while the concentration 0.1 mg/ml 

(C) created a diamond layer. 

Concentration (B) resulted in an 

appropriate spatial distribution with 

respect to defined parameters. 

According to scale in (B) the size of 

displayed particles is more than 12.2 

nm. 

 

 

 

 

Figure 2. Spatial distribution of NDs of 

following concentrations: (A) 0.001 mg/ml, 

(B) 0.01 mg/ml, (C) 0.1 mg/ml. 

 

Spectral characteristics of NV centres 

To measure luminescence spectra 

of indicated nanodiamond object 

(Figure 3), five different excitation 

intensities (40, 190, 380, 1 900, 3 800 

µW) were used. Measured 

concentration of NDs was 0.01 mg/ml. 

Information of FLIM image (A) is added 

with lifetime histogram (B) which shows 

that emitted luminescence was of 

average lifetime from 16 to 17 ns. 
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Figure 3. (A) FLIM image of nanodiamonds 

with indicated measured particle and (B) 

luminescence lifetime histogram. 

Figure 4 represents NV 

luminescence spectra with stable shape 

of spectral curves. Luminescence of NV 

centres was increasing with increase of 

excitation intensity (A) while spectral 

curves remained unchanged with 

respect to increasing excitation intensity 

which can be seen normalizing spectral 

curves (B).  

 

 

 

Figure 4. (A) Luminescence spectra of NV 

centres I dependence on excitation 

intensity with indicated zero phonon lines 

for NV0 and NV-. (B) Normalized 

luminescence spectra of NV centres. 

 

Using collected data from figure 4 

(A), dependence of fluorescence 

intensity of NV centres on excitation 

intensity was displayed and fitted with a 

linear function. Due to the significant 

drop (red point in figure 5) in a value for 

the highest intensity of the excitation 

source 3 800 µW, the last value was 

approximated using the equation 

1376.1x – 354143 (R2 = 0.9982) from 

four previously measured values. The 

dependence is linear as shown on figure 

5. 

 



Milan Adelt et al.: Study of time-resolved characteristics of nitrogen-vacancy centres in 

nanodiamond for biosensoric application 

Milan.Adelt@fbmi.cvut.cz 

 

 

Figure 5. Linear dependency of NV 

luminescence intensity on excitation 

intensity with indicated false value at 

10 000 a.u. (3 800 µW) (red). Excitation 

intensity is in logarithmic scale. 

 

Luminescence lifetime of NV centres 

The luminescence lifetime of 

indicated nanoparticle (Fig. 3, A) 

showed similar shape of decay curves, 

so a similar exponential character could 

have been estimated. Therefore, 

luminescence lifetime of only one curve 

(40 µW) was analysed further (Fig. 6, B). 

Based on analysis, the lifetime character 

was five-exponential with lifetime value 

22 ± 0.8 ns which corresponds with 

[3][4][5]. The five-exponential fit is 

different from the mono- and bi-

exponential dependences stated in 

[4][5][6].  

 

 

Figure 6. (A) Normalized luminescence 

decays recorded from a single particle for 

different excitation intensities. (B) An 

example of fluorescence decay fit: 

instrument response function (blue line), 

luminescence data (red), five-exponential 

fit (green).  

 

Conclusions 

In summary, we have measured the 

spatial distribution of nanodiamonds 

using modified substrate prepared by 

our method. Appropriate concentration 

of NDs (0.01 mg/ml) to characterize 

luminescence lifetime of NV centres was 

found. Combining modified substrate, 

depositing cationic polymer with 

oxidized cover slips, with determined 

concentration increased wettability of a 

substrate and resulted into required 

spatial distribution with respect to 

stated parameters. Spectral 

characteristics of measured particle 

showed stable luminescence of NV 

centres, due to stable shape of spectral 

curves with increase of excitation 

intensity. Luminescence lifetime 

analysis showed five-exponential decay 

of NV centres. There are many possible 

explanations which might have caused 

the difference in decay in comparison 

with the ones stated in literature, for 

example instrumental factors. Further 

investigation of this problem is needed. 
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In the future we would like to 

perform antibunching to determine the 

number of NV centres in the particle and 

combine Atomic force microscope with 

confocal fluorescent microscope for 

simultaneous measurement. This could 

help us to determine not only a shape of 

ND particle but a directionality of NV 

luminescence, too. The question of 

influence of the refractive index near ND 

on its lifetime is also very interesting 

and important because biosensor can 

be applied in various environments with 

different conditions that could affect its 

luminescence significantly. 
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Abstract: Laser driven proton beams accelerated by laser-matter interaction represent 

promising alternative to the conventional acceleration techniques in medical field. Due to the 

peculiar features of such beam, as for instance very broad energy spectra and angular 

divergence, extremely high flux, shot-to shot reproducibility, innovative techniques and 

diagnostics devices are required in order to characterise and deliver a beam with specific 

parameters suitable for multidisciplinary and, in particular, medical applications. Thanks to 

some characteristics, such as the radiation hardness, Silicon Carbide (SiC) and diamond 

detectors are particularly suitable for laser-driven ion beam characterization along the 

ELIMAIA beamline using the Time-of-Flight technique. An experimental campaign was 

performed at Prague Asterix Laser System (PALS) in order to characterize the laser-driven 

proton beam accelerated by a thin solid pure hydrogen target.  

Introduction 

In the last decades, the 

acceleration of the ion beams based on 

the laser-target interaction has become 

an interesting topic among the 

scientific community and has been 

investigated by many facilities all over 

the world. One of these facilities is the 

Extreme Light Infrastructure (ELI)-

Beamlines in Czech Republic. It is one 

of three pillars of the ELI pan European 

project situated in Dolní Břežany near 

Prague. This laser facility will deliver 

laser pulses with high energy and very 

short pulse duration that will be able to 

produce ion beams for variety of 

applications, including cancer 

treatment in hadron therapy. The 

ELIMAIA beamline is the secondary 

source beamline that will be dedicated 

to the production of the accelerated 

ion beams and will focus on their 

potential applicability in medical field 

(ELI Multidisciplinary Application of 

laser-Ion Acceleration). In this 

framework the ELIMED (MEDical and 

multidisciplinary applications at ELI-

Beamlines) collaboration has been 

established between the INFN-LNS, 

Catania (IT) and ELI-Beamlines.   

In order to deliver an ion beam 

suitable for medical application, the 

beam needs to be characterized in 

terms of shot-to-shot reproducibility, 

energy distribution, divergence and 

fluence. For this purpose, the 

investigation and the development of 

new innovative techniques for the 

beam diagnostics are required.  
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The ELIMED beamline 

The ELIMAIA beamline consist of 

two main sections: first will represents 

the ion acceleration and second - 

ELIMED - will be dedicated to the 

transport and control of the laser-

driven ion beams. The importance of 

these elements is based on delivery of 

stable and reproducible beam that fulfil 

all the requirements for hadron 

therapy application, such as wide 

energy and fluence range with small 

energy spread. 

 

 
Figure 1. The ELIMED beamline layout [3]. 

The ELIMED beamline will be 

composed of two main parts, see 

Figure 1. The first will be placed in 

vacuum and will be constituted by 

focusing, transport and selection 

elements. The particles accelerated by 

the laser-target interaction will be 

collected by the collection system of 

permanent magnet quadrupoles 

(PMQs) that will be installed few cm 

downstream the target. The main aim 

of this part is to focus the particles of 

interest and to reduce the angular 

divergence of the optically accelerated 

ion beam in order to ensure reasonable 

transmission efficiency. The collected 

beam then enters the Energy Selector 

System – the part of the beamline that 

will be dedicated to the selection of 

particles of chosen energy from the 

incoming beam. It is composed of four 

dipole magnets with a selection slit 

between the first and the second 

dipole. The last part situated in vacuum 

will be represented by conventional 

electromagnetic transport elements. 

The schematic layout of the beamline 

with all of its components is shown in 

Figure 1. 

The last part of beamline consists 

of an in-air section where the 

dosimetric and the irradiation systems 

will be placed to perform an accurate 

dose delivery.  

The diagnostics for the ELIMAIA 

beamline 

According to the mentioned 

peculiarities of the optically accelerated 

beams, the diagnostics system, present 

along the ELIMAIA beamline represents 

an important component of the whole 

beamline. Beam diagnostics devices will 

be situated in the vacuum section in 

order to measure its properties as for 

instance the beam emittance, the 

energy spectrum and the fluence.  

The measurement of the beam 

emittance will be based on the pepper-

pot method after the collection 

elements. For the characterization of 

the beam in terms of energy and 

fluence, two detectors in Time-of-Flight 

(TOF) configuration will be used. The 

detectors will be placed at two critical 

points: first after the PMQs and second 

after the transport elements at the end 

of the in-vacuum section. For this 

purpose Silicon Carbide (SiC) detectors 

and Chemical Vapour Deposition (CVD) 

diamond detectors have shown to be 

most suitable choices for this kind of 

application because of their attractive 

features like radiation hardness, fast 

charge collection and low capacitance 

[2]. Indeed, these detectors fulfil all the 

requirements for laser-driven ion 
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beams measurement such as radiation 

hardness and time resolution.  

TOF Spectrum 

The basic principle of using TOF 

technique to analyze the particles of 

ion beams is to measure the time that 

particle needs to travel from the place 

of acceleration to the point where the 

detector is situated. An example of the 

TOF spectrum from a SiC detector is 

shown in Figure 2 and reported in ref. 

[2]. This experiment was performed at 

PALS (Prague Asterix Laser System) 

where the Silicon target was irradiated. 

First high peak represents the signal 

created by UV and X-ray photons. 

Following broader peak of the TOF 

spectrum represents the distribution of 

the ions accelerated from the target 

material, which in this case are H+ and 

Sin+ ions. The particles are divided in 

the spectrum by their kinetic energy 

which depends on their mass, charge 

state and velocity. The fastest ions in 

the signal are protons.  

 

 
Figure 2. TOF spectrum measured by 

SiC detector. Colorful lines represent the 

deconvolution process for each kind of 

radiation and ion species [2]. 

In the first step, the time of flight is 

calibrated according to the photon 

signal. The fact that photons are 

moving with the speed of light enables 

us to calculate the time delay of the 

signal and to recalculate the real TOF. 

In order to determine the proton 

number and energy, the proton 

distribution needs to be disentangled 

from the TOF spectrum. The 

deconvolution process is a crucial step 

in the TOF spectrum analysis. It is 

performed by using Maxwell-Boltzman 

(MB) shifted function: 

 

 = !"#$% exp &−
()2*+) ,

"
$ − -./

#0 
where V is amplitude of the signal, L is 

the distance from the target to the 

detector, t is time-of-flight, A is 

normalization constant, mi is the mass 

of the particle, k is the Boltzman 

constant, T is the ion temperature and 

vs is velocity of particles centre-of-mass 

motion, as reported in [4]. As one can 

see from Figure 2, the signal from the 

detector could be then expressed as a 

sum of separate MB functions. 

Experimental tests 

 An experimental campaign aiming 

to test for the first time a pure solid 

cryogenic target system [5] has been 

carried out at PALS laboratory in 

Prague. The principle of the production 

of thin solid hydrogen ribbon was 

developed at CEA-Grenoble and it is 

based on the use of thermodynamic 

properties of liquid hydrogen. Brief 

description of this process is reported 

in [5]. 

Many advantages make this type of 

target very attractive. One of them is 

the distribution of the ions. The 

hydrogen target produces during the 

irradiation process only hydrogen ions 

– protons. Therefore it is easier to 

obtain the proton contribution from 



 Viktória Fedorová et al.: Diagnostics for laser-driven ion beams at the ELIMAIA beamline 

 

the TOF spectra in comparison with 

metal targets where the huge 

contribution of heavier ions of the 

target material is observed. Moreover, 

a pure hydrogen target is promising 

alternative that might be potentially 

used in protontherapy.  

The experimental setup at PALS is 

shown in Figure. Both detectors – SiC 

and diamond detectors – were placed 

at the same distance 1.06 m from the 

target in the forward direction. In order 

to reduce the number of incoming 

particles an Al filter with thickness of 

4.8 µm and 6.5 µm were used 

respectively in front of the SiC and 

diamond detector. In order to 

reconstruct the number of incoming 

particles, we need to determine the 

energy that particle released in the 

detector. When the particle is passing 

through the matter it is losing the 

energy. The amount of the energy that 

particles lost in the filter as well as the 

amount of energy that was released in 

the detector will be reconstructed by 

using stopping power formula. The 

stopping power of the detector 

depends on the material and its 

thickness. The thickness of the 

diamond detector was 500 µm. As 

reported in [6], the thickness of the 

depletion layer of SiC depends on the 

root square of applied bias. In this case, 

the applied bias was 150 V that 

determines the 5 µm thick depletion 

layer.   

The data analysis from the 

experiment is currently ongoing and 

the results will be published elsewhere. 

 

 

 
Figure 3. Schematic layout of the 

experimental setup where the position of 

the target and detectors is depicted. 

Conclusions 

The production of ion beams by 

laser-target interaction represents very 

competitive alternative to the current 

conventional techniques. In this 

contribution, the importance of the 

laser-driven ion beams characterisation 

is mentioned. The main goal of the 

project is to deliver beam with suitable 

parameters that will be potentially 

used in many applications. The TOF 

measurement has shown to be 

convenient method with using SiC and 

CVD diamond detectors. The analysis of 

the TOF spectra from the experimental 

campaign at PALS is still in process and 

preliminary results will be published 

soon. 
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Abstract: Matrix Assisted Laser Desorption/Ionization (MALDI) using 1,5-diaminonaphtalene 

(DAN) has been reported to be an effective matrix for sequencing of peptides and small proteins. 

This work presents a study aiming to evaluate the influence of laser shot frequency on the 

intensity and signal to noise ratio of the obtained mass spectra. For this purpose Cytochrome-C 

(12360 Da) and Insulin-B (3429 Da) were selected to demonstrate the comparison of various 

laser shot frequencies.

Introduction 

Since its introduction in the late 

1980s, MALDI has become an essential 

tool for chemical analysis of various 

biomolecules. One of the most 

important matters in MALDI Mass 

Spectrometry (MALDI-MS) is the choice 

of the matrix. 1,5-diaminonaphtalene 

(DAN) used for top-down sequencing of 

proteins and peptides in source decay, 

particularly while in positive ion mode 

given its hydrogen radical transfer 

capability. [1]   

Laser shot frequency used for 

desorption and ionization is another 

variable to be considered. There is a lack 

of studies concerning this topic and 

particularly when using DAN as a matrix 

for protein analysis. A frequency test 

using 2,5-dihydrixybenzoic acid was 

conducted for lipid analysis ranging 

from 50 Hz to 300 Hz and ultimately 

found to have no significant difference 

among the individual frequencies. [2] 

Our understanding of the 

mechanics that accompanies the 

desorption and ionization of the 

matrix/analyte mixture are still 

incomplete. Both are complex 

phenomena that are very challenging to 

simulate or mathematically describe. 

This has caused many breakthroughs to 

be conducted by empirical approach.[3] 

Mostly considered and tested 

variables of the MALDI laser are 

wavelength, laser fluence or spatial 

mode. This study is focusing on testing 

various laser frequencies with the aim to 

evaluate the optimal frequency for 

protein analysis in term of intensity and 

signal to noise (S/N) ratio of the 

obtained mass spectra. 

Materials and Methods 

Matrix preparation 

1,5-DAN matrix was prepared as a 

saturated solution in water/acetonitrile 

50:50 (v/v) with 0.1% trifluoroacetic 

acid (TFA). In order to avoid degradation 

of the matrix, solution must be prepared 

shortly before use because of the 1,5-

DAN instability in acetonitrile. Both 

cytochrome-C and insulin-B were 
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dissolved in HPLC grade water and 

diluted into final concentration of 10 

pmol/μl each. Sample solution and 

analyte solution were mixed in a ratio 

1:1. A single droplet was then deposited 

onto a stainless steel target consisting of 

1 μl of each analyte and allowed to dry 

at a room temperature in a method 

known as dried droplet. 

Mass spectrometry 

All mass spectrometric 

measurments were performed on a 

UltrafleXtreme MALDI-TOF/TOF MS 

(Bruker Daltonics, Germany). The 

system uses Smartbeam II – modified 

Nd:YAG laser 355nm with repetition 

rate up to 1kHz and well structured 

energy profile. All experiments were 

done in reflector mode to increase 

spectral resolution. For each frequency 

there were 5 target spots with prepared 

matrix/analyte mixture for both 

cytochrome and insulin. Mass spectrum 

for each spot was averaged over 20 

individual irradiated areas, each 

consisting of 500 shots per irradiated 

area. Spatial distribution of those areas 

in a target spot were part of a 

automated sequence which spaced 

them in a spiral shape. 

Data processing 

Raw data were processed using 

Bruker Daltonics fleXanalysis software 

(version 3.3) in order to select a mass list 

of representative peaks distributed 

throughout the mass spectrum for the 

frequency comparison for each protein.  

Matrix homogenity 

With the aim to conduct multiple 

measurments from a single spot, we 

tried to address the problem of shot-to-

shot reproducibility. One of the main 

causes of this problem is poor 

uniformity of the crystallized 

matrix/analyte mixture. In order to 

increase the homogenity of our crystals 

we prepared test samples that were 

dried under vacuum (90 mbar) for 5 

minutes at room temperature after 

depositing the matrix/analyte mixture 

on the target desk. While there was a 

positive improvement in crystals 

homogenity, the resulting mass spectra 

showed poor quality compared to 

standard method of drying under 

atmospheric pressure. Given the poor 

results under present conditions we 

have focused on selecting an optimal 

matrix preparation method in terms of 

crystals homogenity. Two were 

considered: double layer of applying 

first matrix solution, then analyte 

solution and finaly overlaying it with the 

matrix/analyte mixture, and dried 

droplet when we mix the analyte and 

matrix solutions outside the target desk 

and deposit it in the form of a single 

droplet mixture. 
 

 
Figure 1. Spatial distribution of crystals 

of cytochrome-c (top 2 spots) and insulin-b 

(bottom 2 spots) for the double layer matrix 

deposition method. Both demonstrate large 

needle-like crystals and low overall 

homogenity. 
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Figure 2. Crystal formation when using 

dried droplet method. Both cytochrome-c 

(top 2 spots) and insulin-b (bottom 2 spots) 

show significant improvement in 

homogenity of the surface over the double 

layer method in figure 1. 

 

Results are compared in figure 1: 

the double layer method produced large 

needle-like crystals, wherein dried 

droplet crystallized into significantly 

more homogenous surface as seen in 

figure 2. Therefore dried droplet 

method was selected to be use for the 

remainder of the study. 

 

Results 

We have selected 4 individual 

frequencies for both insulin-b and 

cytochrome-c study: 1000Hz, 500Hz, 

100Hz and 20Hz. For the feasibility of 

optimal frequency, intensity and 

signal/noise ratio served as comparative 

variables. 20 evenly spaced peaks were 

selected from each of the mass 

spectrum and their intensity and 

signal/noise ratio were processed 

within the fleXanalysis software. 

Obtained values from mass spectra for 

each frequency were averaged and the 

resulting error formulated as a 

corrected standard deviation. 

For the quantitative purpose of this 

study we have selected frequency 1kHz 

to serve as a standard to which we 

related percentage difference from rest 

of the frequencies. Graphs 

demonstrating comparison of the 

selected variables for each of the tested 

frequencies and comprehensive table 

showing quantitative evaluation of the 

study are described in following 

subsections dedicated to individual 

proteins. 
 

Cytochrome-C results 

Mass spectra of cytochrome-c has 

shown trend of increasing background 

noise while lowering the laser shot 

frequency. Best results in intensity 

comparison was achieved by 500Hz 

frequency with an increase of 16% in 

relation to standard 1000Hz. Selected 5 

peaks (out of total 20) for 

demonstration are in figure 3. 

Frequency 20Hz was excluded from 

cytochrome-c study due to very poor 

results in term of intensity and 

insignificant difference in term of signal 

to noise ratio. 
 

 

 
Figure 3. Cytochrome-c intensity 

comparison for frequencies 1000Hz, 500Hz 

and 100Hz. Error bars represent corrected 

standard deviation. 
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Comparison of signal/noise ratio 

in relation to frequency for cytochrome-

c is shown in figure 4. 

 

 
Figure 4. Cytochrome-c signal/noise 

comparison for frequencies 1000Hz, 500Hz 

and 100Hz. Error bars represent corrected 

standard deviation. 

 

In terms of signal/noise ratio for 

cytochrome-c, frequency 100Hz 

resulted in highest values with but a 

marginal increase of 4% compared to 

standard 1000Hz.  

Insuline-B results 

 All 4 selected frequencies were 

considered in testing insulin-b. As 

shown in figure 5, the lowest frequency 

20Hz produced highest values of 

intensity with overall increase of 10% 

over the standard 1000Hz. Frequency 

100Hz was comparable with 1000Hz 

standard with a decrease of 6%.   

In signal/noise ratio study for 

insulin-b, frequency 100Hz showed 

significant increase of 16% in relation to 

1000Hz standard. Graph containing 

selected peaks for comparison in 

signal/noise ratio is in figure 6. 

 

 

 

 
Figure 5. Insuline-b intensity 

comparison for frequencies 1000Hz, 500Hz, 

100Hz and 20Hz. Highest values were 

achieved when using 20Hz frequency with 

an increase of 10% over 1000Hz. Error bars 

represent corrected standard deviation. 

 

 

 
Figure 6. Insuline-b signal/noise 

comparison for frequencies 1000Hz, 500Hz, 

100Hz and 20Hz. Increase of 16% over 

1000Hz was produced by frequency 100Hz. 

Error bars represent corrected standard 

deviation. 

 

An overall comprehensive 

comparison of individual frequencies 

influence over intensity and signal/noise 

ratio of obtained mass spectra is shown 

in table 1. 
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Table 1. Percentage 

comparison of individual 

frequencies in relation to 

1000Hz. Minus sign represents 

a decrease. 

Cytochrome-C results comparison 

Freq. 500Hz 100Hz 20Hz 

Inten. 16% 7% -22% 

S/N -4% 4% -7% 

Insuline-B results comparison 

Freq. 500Hz 100Hz 20Hz 

Inten. -16% -6% 10% 

S/N -3% 16% 5% 

 

Conclusions 

This study has briefly focused on 

problem of crystallized matrix/analyte 

homogenity, because of its influence 

over shot-to-shot reproducibility, which 

is always a concern for larger sets of 

data analysed through automated 

MALDI MS system. After being unable to 

improve mixture surface homogenity by 

crystallization of the matrix/analyte 

mixture under vacuum, we have 

selected dried droplet matrix deposition 

method which has proved to produce 

higher surface uniformity of mixture 

crystals then double layer method. 

Optimal laser shot frequency 

study was performed using proteins 

cytochrome-c (12360 Da) and insulin-b 

(3429 Da). From the 4 tested 

frequencies, we have reached the 

conclusion, that 500Hz is optimal 

frequency in use for cytochrome-c and 

presumably other proteins in this mass 

range. For insulin-b, frequency 20Hz 

produced the best overall results but 

frequency 100Hz has shown significant 

increase in signal/noise ratio, which is 

arguably more important parameter in 

protein sequencing. Furthermore, very 

low frequency values mean a 

considerable increase in large sets of 

data analysis. Therefore we have come 

to a conclusion that 100Hz would be 

optimal frequency both from 

quantitative and economic reasons. 
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Abstract: The VERION image guided navigation system allows to do all steps of cataract surgery 

very precisely. That is especially important in cases with high value of corneal astigmatism for 

implantation of the toric intraocular lenses (TIOL). The coincidence of implantation axis and axis 

of intraocular lens is the most important for patient’s optimal visual acuity. In postoperative 
diagnosis we need to evaluate current position of TIOL, for knowing the reliability of the virtual 

real-time navigation system. Our objective is using the VERION for determining the 

postoperative position of TIOL. As a first step of study we capture the patient’s TIOL or IOL in 

infra-red mode at the reference unit of VERION. Next step of this study will be applying image 

processing and analysis to determine IOL’s angular position. 

Introduction 

Cataract (in the figure 1) is an 

opacification of the human lens. It’s 
pathologic condition resulting in blurred 

vision or blindness in serious cases 

(often in developing countries). Surgery 

is the only solution. The 

ophthalmologist evaluate the cataract 

using slit lamp, then we are able to 

remove the cloudy lens and implant 

artificial intraocular lens (IOL) into the 

lens capsule (“bag” for lens cortex).  So 

we modify one of the most important 

refractive mediums of the human eye. 

That allows to make positive changes 

towards better visual acuity. [1] 

 

 
Figure 1. Opacification of the human lens – 

cataract. [1]  

Artificial intraocular lens 

The first objective of surgery, 

removing the lens, is currently feasible 

without problems. The second one is 

optimal postoperative visual acuity. So 

the most important thing in 

preoperative procedure is calculation 

the power of artificial intraocular lens. 

The calculation needs to know the 

radius of cornea (keratometry), axial 

length of the eye, position and 

parameters of incisions for corneal 

induced astigmatism prediction, target 

spherical-equivalent refraction (optimal 

is zero or low negative value) and model 

of IOL for design consideration. There 

are four formulas [1, 3] for calculation of 

power IOL in cataract surgery. The 

Sanders-Retzlaff-Kraff formula (SRK) is: 

 

KLAP ×-×-= 9.05.2  (1) 

 

where P is the implant power for 

emmetropia in dioptries, L the axial 

length of the eye in millimeters, K the 
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average keratometric reading in 

diopters, A is a constant and value varies 

with the implant design of IOL. Most 

common formula is SRK-T. It is 

regressive modification of the formula 

(1), where the constant A is variable for 

different axial lengths of eye. [1, 2, 3] 

Corneal astigmatism 

Corneal astigmatism is any 

difference between two radiuses of 

cornea. We’re finding the steepest and 
the flattest meridian in perpendicular 

axis (regular astigmatism). So the 

surface of cornea is not rotationally 

symmetrical around the optical axis.  

The image projection through this 

cornea isn’t one point, but two focal 

planes with difference position of focus. 

The distance between this focus is called 

“focal interval” (FI). [1, 2] 

Toric intraocular lenses 

The physiological value of the 

focal interval is about 0.5D. The full 

compensation by the toric intraocular 

lens (TIOL – in figure 2) is needed in case 

when FI is equal or higher than 1.5D.  

The position of TIOL is very important to 

compensate both corneas radiuses and 

to achieving optimal visual acuity. The 

TIOL axis of centration have to be in 

coincidence with the axis of steepest 

meridian. The decentration out of the 

correction axis result in blurred vision.  

Correcting with TIOL needs about 10% 

of all patients.  

Manual marking and centration of 

TIOL is difficult and time-consuming 

process. Well cooperation with patient, 

precision, cyclorotation control and few 

operation aid are needed. The accuracy 

of marking depends on surgeon’s 
experiences and precision and patient’s 
cooperation. The common accuracy of 

manual marking is about 10°. 
Cyclorotation means, that the human 

eyes haven’t the same position for 
fixation one point in vertical position of 

body (sitting or standing) and in 

horizontal position (lying on the 

operating bed). In horizontal position 

the eye muscles rotate eye bulb nasally 

and up. Degree of this phenomenon is 

absolutely individual. That means next 

and maybe the worst complication in 

process of TIOL centration. [1, 3, 4] 

 

 
Figure 2. Model of artificial toric 

intraocular lens: AcrySof® IQ Toric IOLs 
SN6Tx by Alcon. The axis of centration is 

given by six opposing points. Two haptics 

are for stabilization of IOL in lens capsule. 

All dimensions in millimeters. Taken and 

modified by source [5]. 

VERION image guided system 

Image guided system is a new 

technology for real-time navigation 

during cataract surgery. Thanks this 

system we are able to make pre-

operation assessment and controlling all 

steps of surgery. The system consist of 

Reference unit, Digital marker and 

Microscope integrated display (MID). [6] 

 Reference unit and Vision planner 

The parameters of cornea are 

measured on Reference unit. The head 
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of unit has three infra-red diodes for 

focusing the system, red LED like point 

of fixation for patient and twelve white 

LEDs for keratometry. [6, 7, 9] 

The unit captures a high 

resolution image of the patient’s eye. 
The software detects the limbus area 

and the location of scleral vessels and 

important points of iris structure. That 

complex creates the “eye-print” or 
reference image of patients eye. This 

image is used in Digital marker. [6, 7, 9] 

 

 
Figure 3. Reference unit of the VERION 

image guided system. Simulation of 

capturing the reference image of patient’s 

eye. [6] 

Data of keratometry are 

automatically transferred to the Vision 

planner. That’s software for creating the 
surgery plan. We are able to choose 

formulas for IOL power calculation, 

model of IOL, value of residual 

refraction and planning of TIOL 

implantation procedure. All together in 

one place for choosing the best variant 

for patient. The result is complete 

surgery plan with all information about 

patient and visualization of surgery 

steps. [6, 9] 

Digital marker and MID 

The reference image transported 

online to the Digital marker and MID is 

used for virtual projection of navigation 

during the surgery. When patient’s 

information and reference image with 

surgery plan are loaded, technique or 

surgeon is able to control and again 

manage all parameters of surgery. In 

digital marker is displayed the same 

image of surgeon’s microscope. So the 

user starts the check coincidence of live 

and reference image and starts real-

time virtual projection of incisions 

position (figure 4), size and position of 

capsulorhexis and finally IOLs centration 

(on figures 5 and 6). So this projection is 

like noncontact marking and navigating 

of the surgeon. The projection adjusts to 

eye movements and especially takes 

into account the cyclorotation of the 

eye. [6, 8] 

 

 

Figure 4. Virtual projection of scale and 

position of corneal incisions.  

 

 
Figure 5. Virtual projection of centration IOL 

in the middle of pupil.  
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Figure 6. Virtual projection of centration 

axis for TIOL. In the figure is centration axis 

in 63° and that axis is in coincidence with 

TIOL’s marks. 

VERION Postoperative assessment 

like goal and results of the study 

It is very important to control the 

postoperative condition after successful 

implantation, standardly two weeks 

after surgery. The Reference unit allows 

us postop assessment of the corneal 

surface and determine value of 

surgically induced astigmatism. 

Determination of IOL position is very 

important for the surgeon mainly if the 

axis of implanted TIOL is really in axis of 

correction. For control optimal visual 

acuity and feedback rating is the 

position of the TIOL or IOL crucial. The 

same is of course in special cases with 

unsatisfactorily postop visual acuity. We 

need to eliminate or confirm the 

position accuracy of the TIOL and then 

make next steps.  

So the objective is find the way, 

how to determine the position of IOLs 

(especially TIOLs) using the VERION 

image guided system, and then evaluate 

its benefits. 

Lens image and position 

The first step is capturing the IOLs. 

The primary idea how to see and image 

the IOLs position after surgery, was 

using the postoperative assessment of 

the corneal surface on Reference unit. 

The crucial factor for this technique is 

well dilate pupil. We found, that using 

infra-red mode for focusing of the 

measuring head allowed us to change 

frontal plane of focusing, just easy like in 

microscopes. The system reports bad 

focus without capturing (because the 

option is on the front surface of cornea), 

but thanks print-screen mode we are 

able to create the image of the lens 

position.  

Principles of detection 

When we have a models of the 

IOLs and TIOLs, we can determine them 

in image through image processing and 

analysis. We will determine the lens 

shape and thanks the haptics or angular 

scale (created by limbus detection) the 

current angular position too.  

First postoperative assessments 

Principle of navigation was used 

on 104 eyes of 89 patient which were 

operated using VERION image guided 

system.  From this number were 8 eyes 

with TIOLs, that’s less than 10% at all. 
Postoperative assessment underwent 

only 19 patients. The success of 

capturing IOLs was about 50%. That was 

caused by insufficient pupil dilatation 

and improper illumination. Two bests 

image of IOL, captured in infra-red 

mode are presented by figures 7 and 8. 
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Figure 7. Postoperative image of the IOL 

SA60AT in left eye of patient. 

 

 

Figure 8. Postoperative image of the IOL 

MA50BM in right eye of patient. 

Main idea of detection 

Current goals of the study is 

continuing the assessment and focusing 

on patients with TIOL. Then we want 

create simple application or software 

like VERION improvement for 

postoperative detecting and 

determining angular position of IOLs. 

This application will be handy tool for 

surgeon like feedback rating and 

diagnostics. The detection idea is shown 

in figure 9. 

 

 
Figure 9. Main idea of angular detection of 

IOL using angular scale detected by limbus 

area. 

Conclusions 

We are focused on the correction 

corneal astigmatism through artificial 

toric intraocular lenses with advanced 

techniques of real-time navigation 

during the cataract surgery, connected 

with preoperative assessment. The 

surgeon performing all surgery 

procedures is doc. MUDr. Šárka Pitrová. 
All preoperative assessments, 

controlling of Digital marker during 

surgery, all images and postoperative 

assessments were done by first author 

M. Fůs.  
In this paper we suggested 

methods of cooperation, using the 

VERION Image guided system and its 

benefits. We indicated the reasons and 

way how to take the image of IOLs in 

postoperative assessment. 

Next step of this study will involve 

create simple application for IOLs 

detection and position determine. 
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Abstract: The aim of the study is to determine, how the laser, used in cataract surgery, affects 

the tissue of the cornea. Patients are divided into two groups, according to different 

undertaken technique of the operation. In the first group are patients, who were operated by 

manual technique of cataract surgery. In the second group are patients, who were operated by 

femtosecond laser-assisted cataract surgery. We will compare results of preoperative and 

postoperative endothelial microscopy and pH of aqueous humor in both groups. Measurement 

of pH of aqueous humor is realized by fiber-optic probes based on detection of fluorescence, 

which depends on pH. 

Introduction 

Cataract is defined as any opacity 

of the lens in the eye. It leads to a 

decrease in visual acuity. Cataract is the 

most common cause of blindness and 

cataract surgery is the most commonly 

performed surgical procedure in the 

world. Cataracts become more 

common with age. The only possible 

treatment of cataract is surgical 

remove opaque lens and implant 

artificial intraocular lens. [1, 2] 

Phacoemulsification is the most 

widely used cataract surgery in the 

developed world. This procedure uses 

ultrasonic energy to emulsify the 

cataract lens. [3]  

Manual surgical instruments, which 

are used for creating incisions and 

other steps of procedure, may be partly 

substituted by femtosecond laser 

technology. Aim of this technology is to 

improve safety and accuracy. However 

it has also disadvantages in side effects. 

[2, 4] 

Femtosecond–laser assisted 

cataract surgery uses mechanism of 

phorodisruption (Figure 2) for creating 

incisions, for opening the anterior lens 

capsule and for lens fragmentation. 

Femtosecond laser energy is absorbed 

by the tissue, resulting in plasma 

formation. This plasma rapidly expands, 

creating cavitation bubbles. The force 

of the cavitation bubble separates the 

tissue. Cavitation gas bubbles, visible 

during laser procedure, may cause 

changes in pH of the aqueous humor, 

which may affect other tissues of the 

eye. [2, 4] 

The aim of the study is to 

determine, how the laser, used in 

cataract surgery, affects the tissue of 

the cornea, especially corneal 

endothelium.  
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Figure 2. Mechanism of Phorodisruption, 

A laser energy absorption, B plasma and 

cavitation bubbles formation, C gas 

expansion and tissue separation [2] 

Materials and methods  

This study consists of two parts, 

analysis of the number and morphology 

of corneal endothelial cells and 

aqueous humor pH measurement. 

Patients are divided into two groups, 

according to different undertaken 

technique of the operation. In the first 

group are patients, who were operated 

by manual technique of cataract 

surgery. In the second group are 

patients, who were operated by 

femtosecond laser-assisted cataract 

surgery using femtosecond laser 

platform Victus (Figure 3 A and B)  

 

 

 

 

 

 

 

 

 

 
 

Figure 3 A. Femtosecond laser platform 

Victus (TECHNOLAS Perfect Vision). 

 

Figure 3 B. Femtosecond laser platform 

Victus, visualisation of incisions. Cavitation 

gas bubbles are visible. 

Analysis of endothelial cells 

Endothelium is a single layer of 

cells and covers inner surface of the 

cornea. Endothelium does not 

regenerate. [1, 3] 

Analysis of corneal endothelial 

cells will consist of preoperative and 

several postoperative examinations 

(after 1 week, 1 month). Examinations 

are performed at the Private Eye clinic 

JL, s.r.o. in Prague on KONANA 

MEDICAL CELL CHEK XL Clinical Specular 

Microscope. Appliance takes photo of 

endothelium and software performs 

analysis of number and morphology of 

endothelial cells. Output from 

examination is shown at Figure 4 A and 

B. 
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Figure 4 A. Analysis of endothelial cells. 

CD-number of cells per square millimetre, 

CV- coefficient of variation, HEX- 

percentage of hexagon (six-side) cells, 

NUM- number of cells used for 

calculation, PACHY- corneal thickness. 

 
 

Figure 4 B. Analysis of endothelial cells. 

Visualization and highlighting of cells 

outline. 

Aqueous humor pH measurement 

Aqueous humor is liquid, which fills 

the anterior and posterior chamber of 

the eye. Physiological pH ranges from 

7.3 to 7.6 and may be affected during 

photodisruption by transformation of 

carbon dioxide CO2 to carbonic acid 

H2CO3. It leads to an acid shift of the 

aqueous humor pH. [4] 

Samples of 0.1 mL of aqueous 

humor are collected (Figure 5) after 

laser procedure, in femtosecond-laser 

group, and before incision are made in 

the phacoemulsification group.  
 

 
 

Figure 5. Aqueous humor sample 

collection 

First samples were measured in 

the Institute of Photonics and 

Electronics of the CAS in dislocated 

laboratory in Prague Suchdol by fiber-

optic pH detection. The diameter of the 

optical fibers was reduced from the 

conventional 125 μm to 20 μm and 
tapered-fiber probes were coated by 

the sensing layers. The sensor is based 

on fluorescent pH-sensitive dye - an ion 

pair of 8hydroxypyrrene-1,3,6-pyrene 

trisulfonic acid trisodium salt (HPTS) 

and hexadecyltrimethylammonium 

bromide (CTAB) immobilized on the tip 

of tapered-fiber probes. [5, 6] 

 

 
 

Figure 6. Tapered-fiber probe tip [6] 

Laser diodes, emitting at 405 nm 

and 450 nm are used as excitation 

sources. Emitted light is collected in a 
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back-direction by the optical fiber 

probe. [5] 

 

 
 

Figure 7. Scheme of the custom-built 

measurement instrument [5, 6] 

Response of the probe was 

evaluated as a ratio R (1) of 

fluorescence intensities for excitation 

at 450 nm and 405 nm respectively. [5] 
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Ratio R was compared with the 

calibration, compiled by buffer 

measurement, for calculating the pH 

value. (Figure 8).  

 

 
 

Figure 8. Calibration curve and equation  

Results and discusion 

Analysis of endothelial cells 

First preoperative examinations 

were performed in both groups of 

patients. Data will be completed with 

postoperative examinations in next 

step of this study. Predictive value of 

the results will be evaluated according 

to measurement of deviation (Table 1). 

Table 1. Measurement of 

deviation 

 

 Cells/mm2  Cells/mm2 

1 3040 8 3086 

2 3115 9 3155 

3 3003 10 3106 

4 3077 11 3115 

5 3205 12 3012 

6 3125 13 3040 

7 3058 14 3096 

Arithmetic mean 3088 

Standard deviation 53.5 

Coefficient of variation (%) 1.73 

Aqueous humor pH measurement 

Pilot group of samples of aqueous 

humor were measured in Institute of 

Photonics and Electronics (Table 2). 

Table 2. Aqueous humor pH 

measurement 

  

Patient 

number 

pH Technique of the 

operation 

1 7.59 manual technique 

2 7.51 manual technique 

3 7.60 manual technique 

4 7.66 manual technique 

5 7.65 manual technique 

6 7.66 femtosecond laser 

7 7.29 manual technique 

8 7.49 femtosecond laser 

 

The aim of the study was to verify 

methodology of endothelial cells and 

aqueous humor pH measurements. The 

pH samples were not measured 

immediately after their collecting and 

therefore our results are probably not 

correct. 
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Conclusions 

In this paper we have 

demonstrated methodology and the 

first results of our study. The aim was 

to determine, how the laser, used in 

cataract surgery, affects the tissue of 

the cornea. 

We have proved that the chosen 

methodology is appropriate for 

measurement of aqueous humor pH 

and for analysis of endothelial cells. 

Next step of this study will be 

concern on summarize of preoperative 

and postoperative data from 

examinations of endothelial cells. 

Measurement of pH will be performed 

immediately after sample collecting to 

achieve exact results. 
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Abstract: Microelectrode array (MEA) enables non-invasive recording and stimulation of 

electrical activity of cultured neuronal network. Possibility of application of neuroactive 

substances directly into the culture medium makes MEA valuable model system for 

neurotoxicology evaluation. Due to large amount of generated data and presence of complex 

pattern in behaviour of neural cells, evaluation of recorded data remains a major challenge. 

In this work, we performed complete process of spike-sorting using various spike parameters. 

Filtering of raw data is the first step of the signal processing, followed by spike detection. 

Afterwards feature extraction is carried out. The valuable information can be obtained by 

clustering of spikes according their features. It enables to distinguish among several neurons 

picked by same electrodes and thus is crucial to study connectivity patterns of close-by neurons. 

However, this step is either labor-intense, if “manual” sorting is used or prone to errors, in case 
of automatic process. 

In this paper, we present results of our spike-sorting algorithm of data from cultured neural 

network using Butterworth filter and fuzzy c-means clustering based on various spike features. 

The functionality of algorithm was tested on simulated and recorded data. 

Introduction 

Microelectrode arrays (MEAs) are 

a valuable tool for neurotoxicology 

screening of various neuroactive 

compounds [1]. 

MEAs were used in various 

neurotoxicological studies to determine 

effects of neuroactive substances 

directly applied into cultivation media. 

For example, Vassallo et al. (2016) 

reported that four independent 

laboratories were able to correctly 

identify the three different neurotoxic 

compounds using MEAs, despite 

methodological difference [2]. In 

pharmacological study Colombi et al. 

(2013) successfully studied effect of 

antiepileptic drugs on hippocampal 

neurons using MEAs [3]. Research team 

of Hondebrink et al. (2016) 

demonstrated capabilities of MEAs for 

investigation effects of different (illicit) 

drugs [4]. 

Advanced signal processing is 

necessary to obtain objective 

information from MEA recordings [5]. 

Spike sorting is sequence of several 

steps enabling to extract action 

potentials (spikes) from raw data, 

ideally divided into the groups (clusters) 

according to their neuron of origin. 

The most of created spike sorting 

algorithms is created in MATLAB [6]. 

MATLAB Signal Processing Toolbox 

offers various useful tools for signal 

filtering and further analysis. 

In order to be able to analyse data 

in intended pharmacological study, we 

designed a spike sorting algorithm 

based on Butterworth filtering and c-

means fuzzy clustering.  
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Methods 

Filtering    

Peak amplitude values of spikes 

are in the range of tens to hundreds 

microvolts. However, since the signal is 

recorded extracellularly, directly from 

cultivation medium, there is significant 

amount of background noise, arising 

from three main sources – biological 

noise (mainly other cells in the electrode 

vicinity), electrode-electrolyte noise 

(liquid-metal interface) and device noise 

(especially amplifier) [7]. All these 

factors complicate spike detection. We 

used low-pass Butterworth filter with 

cut-off frequency 3 kHz to significantly 

reduce the noise. Gain of the filter for 

(angular) frequency ω equals [8]: 

  (!) =  # $%&'( **+),- (1) 

where G0 is gain of DC signal and 

ωc represents cut-off frequency and n 

defines order of filter. 

Spike detection 

Proper signal filtration allows us 

reliable spike detection by the threshold 

determined automatically using 

standard deviation of the signal. 

Standard deviation σ is defined as [9]: 

 

 . =  / 10 − 1 3(45 − 6)789&
5:&  

 

(2) 

 

where N is number of samples and 

xi is amplitude of ith sample differing 

from mean value of the signal µ. 

Value of the threshold is typically 

given by multiplication of standard 

deviation by factor 3-5 [10]. 

However appropriate filtration 

allows us to use higher threshold values 

without neglecting any spikes. These 

higher threshold values ensure 

elimination of detection false spikes 

(noise). We successfully used for all 

signals multiplication factor k = 8 

without losing any spikes. 

Detected spikes were afterwards 

localised and primarily analysed by 

MATLAB function findpeaks. 

On the same basis we also created 

MATLAB function counting number 

of electrodes recording neural activity. 

These electrodes can be ordered by 

degree of activity for faster further 

analysis. 

Feature extraction 

Feature extraction step follows 

after spikes are localised and extracted. 

Spike can be extracted either from raw 

data or filtered signal. Although spike 

shape is slightly affected by filtration, 

we chose the filtered signal because it 

allows us to use derivation of the spike 

signal to characterize its shape. 

The simplest approach of spike 

sorting is to sort them according their 

peak amplitudes [6]. 

This process has small computing 

requirements, but results are usually 

inconclusive. Improvement relies on 

obtaining more parameters of spikes 

e. g. spike width. 

To obtain another useful parameter 

for clustering we computed mean value 

of (absolute) differences between 

samples forming spike signal. This 

parameter represents shape of the 

spike and grants us possibility of reliable 

multidimensional clustering. Value was 

computed as follows. 
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(3) 

 

where N again represents number 

of samples and xi are values of single 

samples. 

Clustering 

To distinguish obtained spikes 

among several neurons we used fuzzy 

c-means clustering method (FCM). FCM 

determines clusters of data by 

minimization of objective function Jm: 

 

?@ = 3 3 65A@B45 − CAB7D
A:&

8
5:&  

 

(4) 

 

where N is number of samples, K is 

number of clusters, m stands for fuzzy 

partition matrix exponent (setting the 

degree of fuzzy overlap), xi is ith sample, 

cj represents centre of the jth cluster and 

finally µij is degree of membership of the 

value xi in the centre of the cluster cj 

(represents how close is xi to cj) [11, 12]. 

Burst analysis 

In addition to spike sorting we also 

performed burst analysis of the signal. 

Burst definition differs among various 

studies. For our burst detection, we 

marked as burst every sequence of 

three and more spikes coming within 

100 ms [7, 13]. 

Detection algorithm was compiled 

from cycles and logical functions 

available in MATLAB. 

Spike sorting algorithm was firstly 

tested on artificial data simulated by 

function we created in MATLAB. 

Afterwards it was applied on real data 

recorded on MEA USB-ME64-System by 

Multi Channel Systems MCS GmbH. 

Results 

First processing steps of spike sorting 

are shown in the figure below. 

 
Figure 1. First steps of spike sorting. Peaks 

of the detected spikes are marked by blue 

triangles, red circle signalizes the beginning 

of the identified burst.  

All spikes extracted from this 

signal are visualized in Figure 2. It is 

possible to roughly estimate groups of 

spikes according their shape. To obtain 

objective, human-independent result 

clustering algorithm was used. 

 

 
Figure 2. All acquired spikes before 

clustering. 
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Using fuzzy c-means clustering of 

spike width and mean values of 

differences between neighbour samples 

of the spike signal we were able to sort 

data as illustrated in following figure. 

 

 
Figure 3. Fuzzy c-means clustering of spike 

features using fuzzy partition matrix 

exponent m = 2.1 and normalized 

parameters MD and spike width. 

According performed clustering we 

distinguished extracted spikes to three 

groups representing their neuron of 

origin as shown in Figure 4. 

 
Figure 4. All acquired spikes sorted into 

clusters. 

Conclusions 

Results of our spike-sorting 

algorithm confirms possibility of using 

the first derivation as useful feature for 

spike clustering. This result corresponds 

to conclusion of Paraskevopoulou et al. 

(2013) describing derivative methods as 

good compromise between accuracy 

and hardware-efficient implementation 

[14]. 

Considerably (time) beneficial 

seems to be pre-analysis of all active 

electrodes  implemented in our 

algorithm as well. This part of algorithm 

provides us fast evaluation of signal 

usability. 

The algorithm will be used in our 

intended pharmacological study to 

objectively describe changes of 

a spontaneous neuronal activity caused 

by neuroactive substances. 
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Abstract: Prenatal exposure to alcohol can cause Fetal Alcohol Spectrum Disorders 

(FASD). This serious disorder manifests lower intellect, hyperactivity, impaired executive 

function and behaviour combined with growth failure and facial dysmorphia. Undiagnosed and 

untreated children with FAS / FASD suffer severe secondary and tertiary disabilities, including 

their own addiction and crime. It has been shown that early diagnosis and treatment of 

children who were diagnosed under the age of 6 years, enabling them to achieve good results, 

better quality of life and the limits of their possibilities and social use.  We provide an analysis 

of the current state of diagnosis of fetal alcohol syndrome (FAS / FASD) and analysis of 

available products for the diagnosis of fetal alcohol syndrome. In the app we use worldwide 

recommended "four-digit diagnostic code" for the diagnosis of FASD.  

 

Introduction 

In our study we are focusing on 

fetal alcohol syndrome diagnosis, 

evaluating current form of diagnosis 

and creating faster and more accurate 

electronic form.  

In cooperation with specialized 

scientific-research institute: Center for 

diagnostics, therapy and prevention of 

FAS, The Department of Pedagogy and 

Psychology, Faculty of Education, 

Catholic University in Ruzomberok, we 

are proposing a functional and 

technical specifications of the 

application to support an early 

diagnosis of Fetal Alcohol Spectrum 

Disorders.  

Nowadays, diagnostics is 

performed through paper forms filled 

by specialist or doctor and later 

evaluated, which turned out to be very 

slow due to the amount of different 

tests and questions in form used for 

diagnosis. There is also large chance of 

error made by doctors during 

evaluation, which would be almost 

nonexistent in electronic form.  

Therefore, the aim of this study is 

to create a new application, which 

would be useful for electronisation of 

early fetal alcohol syndrome diagnosis. 

It has also been proved that early 

syndrome diagnostics combined with 

the therapy of children with Fetal 

alcohol syndrome would allow those 

children achieve better results in life 

and higher life and social quality. With 

our application, the diagnostics could 

be made more faster and accurate, 

resulting in increased amount of 

children that could be tested and 

therefore increased amount of children 

that we can help to have better life. 

Fetal Alcohol Syndrome 

Fetal Alcohol Syndrome (FAS) is a 

permanent birth defect syndrome 

caused by maternal consumption of 
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alcohol during pregnancy. There is no 

exact amount of alcohol that has to be 

consumed for FAS to appear, it can be 

even one glass of wine. The main 

difference in amount of consumption is 

bound to the level, or the magnitude of 

the syndrome and its consequences. 

FAS has been broadly characterized by 

prenatal and postnatal growth 

deficiency, facial abnormalities and 

central nervous system abnormalities. 

It is also the leading known cause of 

mental retardation disabilities in the 

Western World, and if diagnosed early 

it is entirely preventable. [1] 

 

Fetal Alcohol Spectrum Disorders 

Fetal Alcohol Spectrum Disorders 

(FASD) is a full range of outcomes that 

could be observed among individuals 

with prenatal alcohol exposure. Specific 

range of disorders observed at the 

patient can lead us to many different 

diagnosis, we are using only part of 

FASD to diagnose Fetal Alcohol 

Syndrome. Those disorders are not 

exactly dichotomous (that is either 

normal or clearly abnormal), rather, the 

outcomes of prenatal alcohol exposure, 

the come in a specified range of 

severity. 

 

4-digit Diagnostic Code 

4-digit Diagnostic Code is used for 

evaluation of FAS and to label full range 

of severity of the FASD. There are four 

separate diagnostic features of FASD, 

therefore the 4-digits. Those features 

are: 

1) Growth deficiency, 

2) the FAS facial phenotype, 

3) CNS abnormalities, 

4) prenatal alcohol exposure. 

Each feature has specific evaluation 

methods and tests. After evaluation all 

four parts, the final 4-digit code is 

created, which is, with the use of 

specific table containing combination 

of codes and diagnosis, translated to 

specific diagnosis of disorders range 

(see Figure 1). 

 

 

Figure 1. Examples of 4-digit Diagnostic 

Code. 

Analysis of Functional Requirements 

In current part of project, we are 

focusing on creating an application that 

could be used to collect patient data 

and evaluate them, processing them 

into 4-digit code.  

In the first part of the project we 

will be creating only part of the final 

application, which is first and second 

digit of code. Last two digits need to 

process an enormous amount of 

different tests, e.g. CNS abnormalities 

evaluation. After creating first two 

parts, we will perform application 

testing based on provided patient data 

and compare the results with paper 

forms results. If the results will be 

successful, third and fourth part will be 

4-Digit Code 4444 reflects the most severe 

expression of FAS (significant growth 

deficiency, all three FAS facial features, 

structural/neurological evidence of CNS 

damage, and confirmed prenatal exposure 

to high levels of alcohol). 

4-Digit Code 1111 reflects normal growth, 

none of the three FAS facial features, no 

evidence of CNS abnormalities, and 

confirmed absence of prenatal alcohol 

exposure.  
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created and application would be again 

tested in full 4-digit range. 

Final application would be in a 

form of web application. We choose 

this form to make work with the 

application easier, because there is no 

need of downloading it or its parts, you 

just need to be connected to the 

internet and have web-browser 

installed.  

Application will be created using 

.NET technology and.Net based 

programming language.  

The most important part of the 

project is to include the ‘specific 

national standards, and ‘reference 

values’. Those values differ, sometimes 

slightly, but still differ between specific 

ethnic groups, which are different in 

each state.  

For example, there is already 

similar application created which is 

able to evaluate facial abnormalities 

based on specific measurements (see 

Figure 2). This application was created 

in USA and is calibrated to evaluate 

their population, so reference values 

used in it cannot be used in Czech 

Republic due to the mentioned slight 

facial differences based on different life 

conditions.  

Based on these information we 

will be creating our own application for 

facial abnormalities recognition where 

some parts could be based on USA 

version, but we should be able to set 

our own reference values, maybe even 

connect application to some sort of 

reference values database where 

specific values for specific ethnic 

groups would be stored and we could 

just select one of them.  

Each part will be created 

precisely based on the paper forms to 

make to transition to specialists, who 

already work on diagnostics easier and 

faster. Doctors and specialists will 

collect data from patient and insert 

them into application via combination 

of text-boxes and check-boxes.  

First part of code has inputs like 

patient height and weight progress, 

which are compared with statistical 

reference values.  

Second part of code will also 

include some sort of plug-in for graphic 

selection and evaluation of facial 

abnormalities (see Figure 2). The 

specialist will specify by selection from 

the photo which part he or she wants 

to measure and compare. In most cases 

it is comparison of eyes, nose and lips 

size and position and overall head size. 

Third part would be slightly more 

complicated, because it contains 

hundreds of different CNS, IQ and 

logopaedics tests. Results of those tests 

would probably be also inserted into 

check/text-boxes, but those results 

would be much more comprehensive 

then classical answer yes/no or specific 

value, so their evaluation will be more 

complex. 

 

Figure 2. View of USA vision of facial 

abnormalities recognition application. On 

the left part operation person will select 

measured part from attached photo, 

where on the right part specific 

parameters are selected and results are 

shown. 
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Each code part would be 

evaluated separately, where doctor can 

choose to complete for example only 

first and second part of the test. The 

final 4-digit code would not be 

provided in this case. Therefore, after 

filling all requested items on specific 

part, application would provide results 

on this code part and doctor can then 

move to another part. After filling all 

four test parts, final 4-digit code should 

be provided assuming all required parts 

were filled. If not, application will 

request filling of those invalid parts.  

After obtaining final 4-digit code, 

application should be connected to 

specific database that contains sub-

sequential information for this specific 

code.  

 Application should be freeware 

based, so every person can use it. For 

medical and statistic purposes there 

would be database running on separate 

server, containing anonymous patient 

data connected to the specific hospital 

or medical center. Therefore, each 

doctor will be required to register 

under specific hospital or medical 

center, after which he or she will be 

able to save his or her patient data into 

database and will have access to 

previous data if he or she needs to 

revise or change them.  

There will be also a specific 

access for a purpose of creating 

statistical analysis from patient data. All 

patient data should be anonymized, 

marked only with specific ID, where 

access to ID-patient connection 

information would be given only to 

specific person (e.g. administrator). 

Application and database will be two 

separate parts, where application will 

store data in XML format file and send 

them into Application Data 

Management Part, which would store 

data in database.  

Discussion 

What makes our application 

unique is first of all that there is no 

similar project or application in Czech 

Republic, maybe even in the Europe. 

Only similar project is application 

created in USA, which can be used only 

for facial abnormalities diagnosis, and 

can be used only for U.S. population. 

After combining it with a specific 

reference data for each ethnic group, 

our application could be used 

worldwide.  

Conclusions 

To sum up, our application will be 

able to automatically process, evaluate 

and do the interpretation of specific 

data, where the result is a specific 4-

digit code used for further diagnosis.  

The great advantage of the 

automatization of evaluation is low 

possibility of making errors during the 

evaluation and also will decrease the 

time consumption. The storage of the 

processed data is better in the 

database because of easier further 

retrospective evaluation, data 

adjustment and statistic purposes.  
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Abstract: Leishmaniasis is a parasitic disease caused by protozoan of genus 

Leishmania. These protozoans are transmitted to human body by sandflies 

(Phlebotomus, Lutzomyia, Psychodopygus) and cause three main forms of pathology: 

cutaneous, mucocutaneous and visceral. Leishmaniasis is one of the most widespread 

diseases, although is also one of the most neglected diseases in the world, that’s why 

this issue has different support from WHO. Different species of Leishmania induce 

duration length and types of manifestation, but even the patients infected by the same 

species develop different clinical manifestations. 

Mouse model is frequently used for examination of genetic influence on disease 

susceptibility, because mouse genome is in 92 % homologous to the human genome. 

Advance in molecular biology methods, especially genotyping, gave us a tool to study 

the role of host genotype in a control of several immunological and pathological 

parameters of leishmaniasis: skin lesion size, splenomegaly, hepatomegaly and parasite 

load in organs. We have prepared F2 hybrids between strain OcB-42 and OcB-43, which 

differ in chromosomal segments on chromosomes 3, 9 and 15. Mice were infected by 

L. major for 8 weeks and their phenotypes were established. We are currently DNA 

typing segments on chromosomes 3, 9 and 15.  Influence of these segments on tested 

parameters will be statistically evaluated by ANOVA using Statistica software. 

 

Introduction 

Leishmaniasis is a disease caused by 

protozoan of genus Leishmania, which is 

related to Trypanosoma. Currently is 

known about 21 species of Leishmania 

which are able to infect humans. These 

protozoans are transmitted to human 

body or other vertebrate host by bite of 

infected female sandlflies of genus 

Phlebotomus, Lutzomyia or 

Psychodopygus. Parasites have two life 

stages: promastigote and amastigote. In 

host organism are infected neutrophils, 

monocytes, macrophages circulating in 

the peripheral blood, dendritic cells, 

macrophages derived from the bone 

marrow, hepatocytes and fibroblasts. 

The major host cells are macrophages, 

where promastigotes transform to 

replicating amastigotes and they 

proliferate until there is a rupture of the 

cell and amastigotes are spreading into 

uninfected cells. The female sandfly 

takes a blood meal and takes up 

infected macrophages from the host 

body and amastigotes are transformed 

to promastigote form [1, 2]. 

Leishmaniasis is one of the most 

neglected diseases and it remains public 
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health problem worldwide, because 

currently there is no safe and effective 

vaccine against any form of human 

leishmaniasis, and the treatment is 

hampered by serious side effects. [3] 

The disease is spreading because of risk 

factors as climate changes, tourism and 

trade, population movements or human 

factors, such as deforestation and global 

warming [1]. 

Leishmania causes three main 

forms of pathology: cutaneous, 

mucocutaneous and visceral. Cutaneous 

form of disease occurs in the dermis. 

Mucocutaneous form appears in a 

small number of patients with 

cutaneous form, especially in the New 

World.   

Visceral form of pathology means 

that infection spread to the liver, spleen, 

lymph nodes, but it can enter else other 

organs: bone marrow, lungs and 

occasionally it can invade the brain.  

The type of pathology depends 

mainly on the species of Leishmania, 

genotype and nutritional status of the 

host. It also depends on transmitting 

vector and environmental and social 

factors. That is why even patients who 

were infected by the same species of 

Leishmania have different symptoms 

and can be different in their response to 

treatment [1, 2, 4]. 

L. major causes in human cutaneous 

form of disease, but in mouse models 

causes systemic pathology, which is in 

many aspects similar to the systemic 

disease caused in humans by 

L. donovani [2]. 

Susceptibility to infectious disease 

(leishmaniasis) is influenced by multiple 

host genes (most of them are low 

penetrance QTLs (quantitative trait 

loci); penetrance is a degree of effect of 

a gene on the phenotypes it controls) 

[2]. These genes are placed in QTLs, 

which are parts of DNA including genes 

of a quantitative trait. Finding QTLs 

controlling leishmaniasis may help to 

better understand of immune response 

and disease pathology [2]. 

Advance in molecular biology 

methods, especially genotyping, gave us 

a tool to study the role of host genotype 

in a control of several immunological 

and pathological parameters of 

leishmaniasis: skin lesion size, 

splenomegaly, hepatomegaly and 

parasite load in organs. 

Materials and methods 

Mice 

There were prepared F2 hybrids 

between strain OcB-42 and OcB-43, 

which differ in chromosomal segments 

on chromosomes 3, 9 and 15. Strains 

OcB-42 and OcB-43 were derived using 

back crossing of donor parental strain 

B10.O20 with background parental 

strain O20 (resistant to infection 

L. major). Mice of the donor strain were 

backcrossed three times to the 

background strain. We have tested 282 

F2 hybrid mice in this experiment. 

Mice were infected by injecting 

Leishmania major (108 parasites in 

50 µl) in base tail. Every week was 

observed size of skin lesions. After 8 

weeks mice were sacrifices and tissues 

were used for next analysis. 

Phenotyping 

Biological material was obtained 

from mice sacrificed by cervical 

dislocation. Immediately after death 

were collected skin, tail, blood, spleen, 

liver and lymph nodes for further 

analysis. Relative spleen and liver 
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weight was expressed as spleen and 

liver weight divided by mouse body 

weight multiplied by 1000. 
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DNA isolation  

DNA was isolated from mice tails 

by NaOH method. In some cases, was 

used isolation by proteinase K 

procedure because it gives better 

quality of DNA product [5]. 

 Isolation by NaOH: To 1.5 ml 

eppendorf tube with 2 mm piece 

of mouse tail were added 600 µl of 
50 mM NaOH. The eppendorf with tail 

were left in water bath at 90°C for 
90 min. For neutralization was added 50 

µl of 1M Tris (pH 8.0) and the samples 
were vortexed. Eppendorf tubes were 

centrifuged for 15 min at 3220 g 

(Eppendorf Centrifuge 5810 R, 99 kg) at 

4°C. In the next step, the supernatant 

was poured off to new eppendorf (0.5 

ml) tube. Determination of DNA 

concentration was performed by 

spectrophotometric measurement on 

NanoDrop. Optimal concentration 

of DNA for PCR reaction varies around 

10 ng/µl. DNA was dissolved in sterile 

distilled water. Low but sufficient 

quality DNA can be obtained thru this 

method [5]. 

Because of lower DNA some 

samples displayed no product 

(electrophoresis without any signal) and 

DNA had to be isolated by proteinase K 

method.  

Higher quality of DNA: 750 µl of 
lysis buffer (containing 100 µg ml-1 of 

proteinase K) was added to 4 mm peace 

of the mouse tail. The samples were 

lysed at 55°C overnight. The tail must be 
in buffer submerged. The samples were 

centrifuged for 60 min at 3220 g 

(Eppendorf Centrifuge 5810 R, 99 kg) at 

4°C to obtain a firm pellet. The 

supernatant was carefully transmitted 

into the microtube with isopropanol 

(1:1) for precipitation. Precipitated DNA 

was transfered with inoculation loop 

into 0.5 ml of sterile distilled water and 

left overnight at 4°C to dissolve. DNA 
can be stored in a freezer at -20°C or -
70°C for years. DNA can be diluted to 
required concentration by the same way 

as in the isolation by NaOH [6]. 

DNA typing using PCR 

Polymerase chain reaction was used 

to amplify specific chromosomal 

segments. We have chosen markers 

from segments where parental strain 

differed so in those regions we expected 

allels of different origins. 

The first step of PCR is preparation 

of PCR mix, which contains: primer F and 

R in concentration 6.6 µM, dH2O, 5xPCR 

mix and red Taq polymerase. The Taq 

polymerase must be added to the 

mixture immediately before pipetting 

mixture into the PCR plate. 

To prepare PCR mix for 25 DNA 

samples was pipetted to one eppendorf 

tube mix according to table 1:  

 
Table 1: PCR mix for 25 samples 

Primer R 12.2 µl 

Primer F 12.2 µl 

5xPCR 144 µl 

H2O tk.  177.6 µl 

Taq polymerase 14 µl 

10 µl of DNA prepared for PCR was 
pipetted into PCR plate and 10 µl of PCR 
mix was added to each well. PCR plate 

with samples were covered with cap 
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strips. The plate with samples was 

placed into Thermocycler. PCR was run 

using conditions described below.  

In thermocycler the temperature 

changes is depending on the time. 

Before main repeated steps were 

samples preheated on 94 for 3 minutes. 

 The reaction involves three steps: 

denaturation of DNA template 

(temperature about 94°C, 30 sec), 

temperature hybridization of 

oligonucleotide primers (annealing, 

52°C, 30 sec) and extension of the 

annealed primers, synthesis of new 

complementary strand to DNA template 

by Taq polymerase (72°C, 1 min). These 

steps are repeated up to 40 times [5,7]. 

Electrophoresis 

The PCR product was analysed by 

electromigration separation method 

of agarose electrophoresis. DNA 

segments move through the barrier in 

electric field due to their negative 

charge where the velocity is 

proportional to the length of DNA 

fragment. The principle of this method 

is based on length polymorphism of 

DNA fragments. Negative electric 

charge of nucleic acids is caused by 

phospate backbone, which causes DNA 

to move towards the anode [8]. 

The resolution of this method 

is strictly dependent on size of length 

polymorphism difference, the product 

size, and the length of the path. 

For example, 8bp (base pair) 

polymorphism difference can be 

detected on 3% agarose gel, which is 

suitable for 100-400bp long fragments, 

and 6bp polymorphism difference can 

be detected on 4% agarose gel, which 

is suitable for 50-300bp fragments. 

The first step of electrophoresis 

is preparation of agarose gel. 

Gel contains: 0.5x TBE buffer, 

Agarose, MethaPhore agarose, and 

ethidium bromide. The gel for 

90 samples was prepared according to 

table 2: 

 
Table 2:  3% agarose gel 

3% agarose gel 

0.5 TBE buffer About 300 ml 

Agarose 6.96 g 

MetaPhore 

agarose 

1.92 g 

Ethidium 

bromide 

16.8 µl 

 

Mixture was boiled in a microwave 

until it melted. After several minutes the 

solution was poured on tray, the comb 

was inserted, and gel was left cooling in 

room temperature for 1 hour until had 

solidified; the comb was then removed 

[5]. 

The gel was inserted into 

electrophoresis chamber and covered 

with 0.5x TBE buffer. 50bp standard 

(3 µl) was pipetted into first and last 

well in gel and our samples 

(PCR product, 10 µl) were pipetted into 
all other wells. After filling the wells, the 

Ethidium Bromide was added to TBE 

near to anode and cathode. The 

electrophoresis was running at 105V 

(Volt).  

 DNA segments on the gel were 

visualised with ultraviolet 

transilluminator (UV lamp, camera, PC) 

and analysed by GENE snap 

software [5]. 
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Figure 1: Determination of origin of alleles.  

 

Conclusions 

We are currently at the end of DNA 

typing segments on chromosomes 3 and 

15 (chromosome 9 will be typised). Only 

a few samples will be isolated once 

again because of quality of the DNA.  

Influence of these segments on 

tested parameters will be statistically 

evaluated by Analysis of variance using 

Statistica software (Statsoft CR s.r.o.) 

and genes of interest will be selected. 

Than we will analyse the gene 

expression using methods: RNA 

isolation, reverse transcription, real 

time PCR and microarray analysis. 
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Abstract: The aim of the project is to use ferromagnetic nanoparticles in hyperthermia 

treatment of cancer. With nanoparticles injected directly in the tumor it is possible to heat 

selectively the tumor and not surrounding healthy tissue. In this way the required temperature 

interval can be reached and side effects minimized at the same time. As mentioned before, the 

magnetic nanoparticles in the form of a colloidal solution are injected directly into the tumor. 

The nanoparticles are consequently placed in an alternating magnetic field. This will warm up 

the nanoparticles which, in turn, increase the temperature in the surrounding tissue. In the 

first experiment we used IR camera to verify the influence of presence of nanoparticles on the 

temperature distribution in an agar phantom after exposure to microwave field. We tried to 

optimize the experimental procedure and in order to able to confirm a higher temperature 

level in the agar phantom with the nanoparticles in comparison with agar phantom without 

the nanoparticles. 

Introduction 

The aim of the project is to 

integrate ferromagnetic nanoparticles 

in hyperthermia, which is one of new 

methods of cancer treatment. Most 

often it is employed in combination 

with radiotherapy since the two 

methods have complementary effects. 

As tumor tissue is more sensitive to 

temperature than healthy tissue the 

hyperthermia treatment effect is based 

on producing an increase of 

temperature in the tumor. To bring 

cancer cells into apoptosis (which 

means the tumor cells are heated 

above certain level and then they lose 

their ability to multiply and gradually 

die) the temperature in the interval 42 

– 45˚C is needed. [2] 

Cancer treatment 

Cancer is a very common disease that 

affects people of all ages. It is 

considered as a complex illness. It is 

characterized by cells undergoing a 

transformation and which leads to 

changes in their environment and the 

general responses at biochemical and 

biological levels induced in the host. As 

a consequence of this complexity, the 

multimodal anti-cancer treatment 

protocols are needed to reach curative 

effects. [4] Cancer treatment consists 

of several major modalities: surgical 

treatment, radiation therapy, hormonal 

therapy, chemotherapy, and biological 

treatment (hyperthermia). 

Surgery has an important place in 

the treatment of patients affected by 

solid tumors. For early diagnosis of 

cancer, surgery (curative surgery) is the 

best solution and other modalities of 

treatment aren't needed. Surgery is 
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also effective in palliative care, to 

improve prognosis. 

In radiotherapy, tumors are 

annihilated by radiation. Approximately 

50% of oncological patients is treated 

using this method. 

According to the National cancer 

institute (NCI), hyperthermia is divided 

into three different types. 

1. Local hyperthermia: high 

temperature is applied to a small area 

2. Regional hyperthermia is used to 

heat large areas of tissue, such as 

organs, body cavity, or limb. 

3. Whole body hyperthermia is 

used to treat cancer metastases 

expanded throughout the body. [6]  

By combinations of various 

treatment modalities, their  

effectiveness can be improved. 

A complementary effect of different 

cancer treatment methods is a 

precondition for combining different 

cancer treatment methods at 

extracellular level. [2] Clinical tests 

confirm the efficiency of treatment, 

when combination of radiotherapy and 

hyperthermia is used. By combination 

of these two modalities, we can 

achieve up to two-fold increase in 

efficiency. Additionally, the patient is 

exposed to a smaller dose of radiation 

compared with the use of radiotherapy 

alone. [1, 3, 5] 

The method is based on the 

following biological principle: some 

cancer cells are sensitive to 

temperature higher than 42°C, while 

normal cells generally survive elevated 

temperatures up to 45°C. Thus if the 

tumor area is heated to temperatures 

around 42-45°C, the tumor cells are 

selectively destroyed. 

It seems that destruction of tumor 

cells is not the only effect on biological 

systems that are exposed to 

electromagnetic field. 

 Due to disintegration of tumor 

cells, the cellular structures are 

exposed and consequently released 

into the blood system. This can cause 

the stimulation of immune system. [2] 

Ferromagnetic nanoparticles 

The thermal therapy techniques have 

one common disadvantage. It is not 

possible to control spatial distribution 

of heat in the tissue. Therefore, this 

problem has become a new challenge 

for many research teams. 

Current scientific research has 

investigated how to improve the 

effectiveness of methods of 

hyperthermia through application of 

suitable agents in the tumor. In 

addition to being a topic of active 

research, different nanostructure 

materials are, in some cases, applied 

clinically. Currently the application of 

magnetic nanoparticles in the 

treatment using hyperthermia 

applicators is most discussed. These 

nanoparticles has the special property 

that they heat up and increase 

temperature in their vicinity when 

subjected to an alternating magnetic 

field. 

Different biomedical applications 

require different parameters of 

particles and therefore also various 

properties of nanostructure materials. 

Suitable inorganic nanomaterials are 

nanoparticles of metals, metal oxides, 

carbon nanotubes and polymer, 

a variety of nanocomposites, 

nanoporous materials, nanoemulsions, 

etc. [8] 

Due to parallel alignment of magnetic 

moments of ferromagnetic materials, 

ferromagnetic nanoparticles possess a 

large net magnetization even if the 
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external magnetic field is not applied. 

This property is called spontaneous 

magnetization. 

Typical ferromagnetic materials are 

iron, nickel, cobalt and their alloys. [7] 

If magnetic nanoparticles are subjected 

to the effect of an alternating magnetic 

field, heat is produced due to magnetic 

hysteresis losses, Néel relaxation and 

Brownian relaxation. Magnetic particles 

becomes the effective source of heat 

and are capable of inducing necrosis of 

tumor tissue. [9] 

The magnetic mediator, usually in the 

form of a magnetic fluid consisting of 

magnetic nanoparticles, is deposited 

within or adjacent to the tumor by one 

of four ways: 

1) Arterial injection: The fluid carrying 

the magnetic particles is injected into 

the artery supplying the tumor 

2) Direct injection: The magnetic fluid is 

injected into the tumor tissue. 

3) Surgical implantation: Ferromagnetic 

nanoparticles are implanted during the 

surgery into the tumor. 

4) Antibody targeting: Nanoparticles 

are targeted into the tumor by a tumor 

specific antibodies placed on their 

surface. It provides a selective binding 

to tumor cells [7, 10] 

Materials and methods 

We prepared two agar phantoms. Agar 

(4%) and NaCl (0.8%) were cooked in 

distilled water. The final dimensions of 

the phantom were 3,8 x 9.5 x 9.5 cm. 

Next, we measured the temperature 

distribution in homogenous phantom 

without and with nanoparticles. First, it 

was necessary to calibrate the 

instrument for measuring permittivity. 

We used the analyzer FieldFox. For 

calibration, we first measured the 

known permittivity of water, air and 

short circuit. The analyzer measures 

reflectance and according to him 

calculates the permittivity and 

conductivity. Then we measured the 

permittivity of the phantom. Using the 

exact content of NaCl we get a 

permittivity similar to that of tumor 

tissue. Before starting the experiment, 

it was necessary to verify the 

impedance matching of microwave 

applicator by use of analyzer of 

microwave circuits (Rohde-Schwarz). 

Impedance matching means a situation 

in which reflection coefficient of the 

dielectric and the source (generator) 

are complex conjugated. 

Using an infrared camera, we 

photographed the first agar phantom 

without nanoparticles and 

consequently we exposed it to a 

microwave power of 200 W using a 

microwave generator (frequency 434 

MHz) and hyperthermia waveguide 

applicator. The generator worked for 

two minutes. We took a picture with an 

infrared camera, to compare the 

change in temperature distribution 

before and after the application of 

microwave power. We found that the 

temperature distribution in the 

phantom is homogeneous.  

Then we placed ferromagnetic 

Figure 1. Thermogram of agar 

phantom without nanoparticles. 

(cross-section after exposure to 

microwave radiation of power 

200 W/0.1 m2) 
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nanoparticles in the tube into the 

second (unheated) phantom. Test 

tubes with nanoparticles contained H2O 

and Fe3+ in the ratio 2 mg Fe3+/1ml H2O. 

The second phantom was exposed to 

microwave power for two minutes with 

the same parameters as the first 

phantom. Using an infrared camera we 

took a picture before and after 

application of microwave power. We 

found that increased temperature is 

observed in the area of nanoparticles. 

From Figure 3 it can be seen that we 

have successfully heated agar in the 

immediate vicinity of the tubes with 

nanoparticles.  

 

 

Finally, we quickly cut the agar 

phantom and removed the test tube. 

Using an infrared camera we took a 

temperature profile of sectioned agar 

heated by nanoparticles.  
 

Results and conclusion 

In this part of project, the goals 

were: the optimization of an 

experimental procedure, achievement 

of a homogenous heating of an agar 

phantom without nanoparticles and 

confirmation of a higher temperature 

level in the agar phantom with the 

nanoparticles in comparison with agar 

phantom without the nanoparticles 

after exposure to microwave power. All 

these goals were met. 
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Abstract: Chronic kidney disease is a serious public health issue with far-reaching medical and 

social consequences. It is divided into five stages according to glomerular filtration rate. Renal 

replacement therapy is usually required at stage 5 in the form of dialysis or a transplant. The 

arteriovenous fistula is a surgical connection between an artery and a vein and it is used to 

gain access to the blood. So the knowledge of the blood flow in vessels is very important. The 

simulation of the blood flow is programmed using Finite Element Method in MATLAB - for 

surgical prediction purposes. Five subjects indicated for surgical therapy were included in this 

study. Calculated blood flow is compared with measured blood flow using Doppler 

ultrasonography for verifying the software. 

Introduction 

Chronic kidney disease (CKD) is a 

condition characterized by a gradual 

loss of kidney function over a period of 

months or years. It is defined as kidney 

damage with pathological structural 

changes or decrease in glomerular 

filtration below 60ml/min/1,73m2 

lasting at least three months. It is 

classified into five stages according to 

the glomerular filtration rate (GFR) [1]. 

Clinical symptoms are non-specific, in 

the early stage e.g. polyuria, edema, 

increased blood pressure. In later 

stages occurs headache, itching of the 

skin or fatigue. For the diagnosis of 

CKD 1 is required pathological change 

of the kidneys, which not affect its 

function [2].  

At the end stage (CKD 5) the renal 

replacement therapy is needed in the 

form of transplantation, hemodialysis 

or peritoneal dialysis [3].  

Peritoneal dialysis has many 

advantages for the patients than 

hemodialysis - flexible time layout, 

lower spikes in body fluids and do not 

require vascular access. However, the 

biggest disadvantages are the 

contraindications in the form of severe 

obesity, adhesions after abdominal 

surgery and a stoma. 

Kidney transplantation is a routine 

surgery and in most cases 

transplantation from cadaveric donors 

is performed. In comparison to dialysis 

transplantation has better prognosis 

and higher quality of life [4]. 

 Anyway, in case of dialysis, surgical 

creation of arteriovenous shunt (or 

arteriovenous fistula, AVF) is needed. 

AVF is connection between the vein 

and the artery (see Fig. 1) which is used 

for repeated connection of the patient 

to the hemodialysis apparatus. It 

provides good blood flow for dialysis, 

lasts longer than other types of access 

and is less likely to get infected than 

other types of access [5]. Lifetime of 

AVF is limited because the throughput 

of the connection decreases over time 
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[6]. The necessity of creation of 

hemodialysis access is divided into 

acute and elective. Acute access is 

created when there is a sudden renal 

failure and there is assumption to use it 

no longer than three weeks. On the 

other side, elective approach is used 

for long term application of 

hemodialysis [7]. 

AVF may be created on the upper 

or lower limb but the non-dominant 

upper limb is more preferred [8]. 

 

Figure 1. The most common localizations 

of hemodialysis accesses on the right arm. 

  

Based on above mentioned, design 

of methods for flow behavioural 

prediction after successful surgical 

treatment should be helpful tool for 

surgeons. Therefore, the article deals 

with software tool design for 

mentioned purposes. 

Materials and methods  

Thanks to previous research and 

current state of the art analysis, 

software BloodFlow was developed in 

MATLAB environment. In created 

software, blood flow in the vessels is 

calculated based on finite element 

method (FEM). Generally, FEM 

algorithm leads to solving a system of 

linear algebraic equations [9].  

To solve the particular problems 

in case of this study using FEM, it was 

necessary to divide the continuum 

(vessel model) to the final number of 

elements. 

For this purpose plane polygon 

with closed boundary was created. The 

boundary is divided into two parts - the 

Dirichlet and the Neumann boundary. 

Then a triangulation is done. The 

triangulation of the polygon is a 

subdivision of this domain into 

triangles. 

Based on the software design is 

able to calculate the blood flow in 

selected part of vessels, as well as in 

the AVF. Diameters of the vessel are 

required for calculating. These variables 

are usually known from preoperative 

examinations. Example of user set 

diameters for vessels are shown in 

figure 2 in the left part of program 

window. 

 

Figure 2. The program BloodFlow for 

calculating theoretical blood flow in the 

vessels.  

 

Comparison of measured and 

calculated blood flow is needed for 

verifying the program. Measured blood 

flow is known thanks to a Doppler 

ultrasound which is non-invasive test 

used to estimate blood flow through 

blood vessels by bouncing high-

frequency sound waves off circulating 

blood cells [10]. 
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Results 

Five patients were measured 

using ultrasound - for a pilot study. 

Despite the fact it is not enough for 

statistical significance testing we tried 

the Wilcoxon signed-rank test. For this 

test we use MATLAB function called 

signrank. This test is nonparametric 

test for two populations when the 

observations are paired. It is equivalent 

to the dependent t-test. The test 

statistic is the sum of the ranks of 

positive differences between the 

observations in two samples (x-y) [11]. 

According to this test the p-value 

is 18.75%. As we know, since the p-

value is greater than 5% we do not 

reject the null hypothesis, so the 

medians are not significantly different. 

Graphical presentation of data 

distribution for UTS and MODEL are 

presented in figure 3 in form of 

boxplot. Each boxplot presents (from 

bottom horizontal line) minimum, first 

quartile, median, third quartile and 

maximum of monitored data group. 

Figure 3. Boxplots of the measured (UTS) 

and calculated (MODEL) blood flows. 

 

Comparison of the calculated 

(MODEL) and measured (UTS) blood 

flow is shown in table 1. Based on 

presented results we try to find out 

dependence between two observed 

datasets (MODEL and UTS). 

Figure 4 shows the dependence of 

the measured blood flow (UTS) on the 

calculated blood flow (MODEL) using 

designed program. Data are 

approximated by linear regression. 

 

Table 1. Calculated values using program 

BloodFlow and measured using Doppler 

ultrasonography.  

UTS [m3/min] MODEL [m3/min] 

13.81 13.64 

26.75 18.45 

31.11 25.19 

53.41 47.39 

13.24 16.79 

 

 

Figure 4. Dependence of the measured 

blood flow (UTS) on the calculated blood 

flow (MODEL).  

Conclusions 

The designed software for surgeons 

that calculated blood flow was verified 

for now. This software is based on 

preoperative examinations - blood flow 

is calculated using diameters of the 

vessels measured by Doppler 

ultrasonography. Blood flows for five 

patients are compared in the moment, 

but it is not enough for statistical 

significance testing. Nevertheless we 

used Wilcoxon signed-rank test with 

the very good result. The p-value is 

y = 0,7986x + 2,2005

R² = 0,9291
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18.75% so the medians of data groups 

are equal.  

In the future work is necessary to 

compare blood flows for more patients. 

More data for statistical significance 

testing are needed. Also software 

editing is needed to make the program 

more user friendly for using by 

surgeons. 
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Abstract: Leishmaniasis is one of the most neglected diseases. It is caused by 

protozoan parasite of genus Leishmania. The disease is spread by bite of Phlebotomus 

or Lutzomia sandfly. Leishmaniasis is a health problem in 98 countries worldwide. There 

are more than million new cases and about 50000 deaths each year. That is why there 

is a support from WHO. We present use methods of molecular biology for examination 

of influence of genetic segments on chromosomes 3, 9 and 15 on phenotypic 

manifestions of L. major infection in F2 generation derived from strains OcB-42 and OcB-

43, which differ in these segments. We focused on genotyping method, statistical 

evaluation using Statistica and gene expression analysis for selecting the candidate 

genes of interest. Definition of global gene expression is monitored using DNA 

microarrays, with the validation of results by real-time PCR. We aim to identify genes 

and functions controlling this disease. We monitored several imunopatological 

parameters such as lesion size, splenomegaly, hepatomegaly, parasite load in organs. All 

these parameters were analysed 8 weeks after infection with L. major.  

 

Introduction 

Leishmaniasis causes asymptomatic 

infection and three main clinical 

syndromes. Cutaneous form of the 

disease, mucocutaneous form and the 

metastatic spread of infection to the 

spleen and liver leads to visceral 

leishmaniasis (also known as kala-azar). 

The disease remains is health 

problem worldwide, it affects about 12 

million people in 98 countries; 50 000 

die of it each year.  

The disease is spreading because of 

risk factors that include climate 

changes, population movements, long-

distance tourism and trade [1,2].  

In spite of the considerable 

knowledge about the immune response 

against Leishmania parasites, no safe 

and effective vaccine currently exists 

against any form of human 

leishmaniasis. Similarly, to vaccination, 

the spectrum and efficacy of available 

antileishmanial drugs is also limited.  

We aim to identify genes and 

molecular mechanisms involved in the 

control of immune response and 

susceptibility to complex infectious 

diseases. Complex diseases responsible 

for the largest part of human morbidity 

and mortality. They are controlled by 

multiple genes and hence their 

pathogenesis cannot be explained by 

effects of a single gene with omission of 

others. Leishmaniasis is such a complex 

disease and it has served as a major 

paradigm of immune response to an 

infectious agent. We aim to identify the 

genes and functions controlling this 

disease [3]. 
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In search for mechanisms 

underlying human diseases, model 

organisms allow better understanding 

of the disease process. Mouse model is 

used for gene mapping and gene 

expression analysis.  

To map differences in immune 

parameters we use F2 generation 

derived from strains OcB-42 and OcB-

43, which differ in segments on 

chromosomes 3, 9 and 15.  

For detecting gene expression, we 

select candidate genes. The main 

motivation for determining gene 

expression is a common understanding 

of molecular biological processes of 

human body. 

Basic laboratory methods which need to 

be managed during detection of gene 

expression are the isolation of high 

quality RNA, then conversion of RNA to 

cDNA via reverse transcription PCR and 

analysis of product by qPCR. 

Methods used before analysis of 

gene expression 

 

Mice 

We have tested 283 female mice of 

F2 hybrids between strains OcB-42 and 

OcB-43. Mice were tested in two 

experiments. Strains OcB-42 and OcB-43 

were derived using back crossing of 

donor parental strain B10.O20 with 

background parental strain O20. Mice of 

the donor strain were backcrossed 

three times to the background strain. In 

this way the genes of the donor strain 

become randomly dispersed onto the 

background strain. 

Subsequently pairs of the second 

backcross generation mice (N4) were 

used to establish the individual inbred 

RC strains by an uninterrupted line 

of generations of brother-sister 

mating. 

 

 
Figure 1: Mice crossing 

 

Leishmania parasites were prepared as 

described elsewhere [6]. Mice were 

infected with L. major as described in 

[7]. After 8 weeks the mice were killed 

by cervical dislocation. Blood, liver, 

spleen, skin, tail and inguinal lymph 

nodes were collected for further 

analysis. Spleen and liver weight were 

related to weight of the mouse (weight 

of organ x 1000) / weight of mouse).  

 

 

 !"#$ =
%$&'ℎ) +, +-'!. ∙ 1000 

%$&'ℎ) +, 2+#3$
 

 

 

Hepatomegaly and splenomegaly were 

calculated. 
 

 

 

Processes foregoing the gene expression 

analysis 

Before the gene expression analysis 

there are procedures need to be done. 

Genetic mapping and statistical analysis. 

Necessary parts of these procedures are 

DNA isolation, polymerase chain 

reaction, electrophoresis, statistical 

analysis using STATISTICA software. 
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Gene expression methods 

Mice 

Genes of interest will be selected 

according to statistical analysis via 

program Statistica. We examine only 

functional genes (without intron and 

noncoding regions) 

 

RNA isolation 

RNA extraction is the purification of 

RNA from biological samples. Several 

methods are used in molecular biology 

to isolate RNA from samples. We apply 

method using TRI Reagent. 

RNA isolation is recommended to 

perform in amount of 12 samples to 

eliminate the risk of degradation of 

RNA. For the same reason all steps of 

the isolation should be placed on ice and 

the last part of procedure should be 

performed in laminar box.  

We prepared 12 Eppendorf tubes 

about volume 1,5ml. Every tube was 

filled with 915 μl of TRI reagent and 

placed on ice. Then we placed the organ 

into the tube and homogenize. After 

homogenizing we pipetted 180 μl of 
cooled chloroform to each tube. We 

mixed the tubes and left it 3 minutes in 

room temperature to incubate and then 

follow 15 minutes centrifugation in cold 

room at 12000 g. Meanwhile we 

prepared new set of Eppendorf tubes 

with 500 μl of cooled isopropanol. After 

centrifugation there is upper aqueous 

phase (contains RNA) and lower phase 

(contains DNA and proteins) in the tube. 

 

 

 

 

 

 

 

 

 

We pippeted out the aqueous phase 

and placed it into tubes with 

isopropanol. We left the tubes incubate 

for 3 minutes in a room temperature 

and then centrifuged in cold room for 10 

minutes at 12000 g. After centrifugation 

we removed the aqueous phase of the 

tube and then added a 1ml of cooled 

75% ethanol. We centrifuged samples 

for 5min again at 12000 g.  Next steps 

were performed in laminar box. We 

pipetted out the ethanol aqueous phase 

and left the tube open for 3 minutes to 

evaporate the alcohol. RNA was dissolve 

in 100μl of DEPC water. We prepared 

new set of microtubes. And from each 

sample we transfer part of solution into 

the new tube. The tubes are placed in a 

freezer at -80°C. 
Concentration of RNA was 

measured on Nanodrop. The also 

quality of RNA was measured via 

detection of RNA integrity number (RIN) 

performed in Agilent.  

 

In terms of first preliminary examination 

and learning new laboratory method. 

We have isolated RNA from spleen. 

 

Reverse transcription 

The synthesis of DNA from an RNA 

template, via reverse transcription, 

produces complementary DNA (cDNA). 

Reverse transcriptase use an RNA 

template and a short primer 

complementary to the 3' end of the RNA 

to direct the synthesis of the first strand 

Figure 2: Phases in sample during the 

RNA isolation 

In: nippongene [online]. © 2016 NIPPON 

GENE CO.. [vid. 12.10.2011]. Available 

from: 

http://www.nippongene.com/english/prod

uct/extraction/isogen.html 
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cDNA, which can be used directly as a 

template for the Polymerase Chain 

Reaction (PCR). This combination of 

reverse transcription and PCR (RT-PCR) 

allows the detection of low abundance 

RNAs in a sample. 

 

 

During creation of cDNA is 

recommended to work only with 24 

samples. Which need to be kept on ice. 

To eliminate the risk of degradation of 

RNA. 

For reverse transcription, RNA is 

used at concentration 1 μg /8 μl. We 

placed 8 μl of each sample into PCR 

plate. To removing of genomic DNA, we 

added to each sample 1 μl of enzyme 
RQ1 DNase and 1 μl of buffer, we mixed 

and centrifuged the samples at 2000 

rpm. We placed the samples in 

thermocycler for 30 minutes at 37°C. 

Then in laminar box we added 1 μl of 
RQ1 stop solution, mixed it, centrifuged 

at 2000 rpm and 10 minutes incubated 

at 65°C in thermocycler. After 

incubation we immediately placed the 

plate on ice. 

RT mixture was prepared according 

to table 1. We added 14 μl this mixture 

into each well. Then the PCR plate need 

to be incubated at 37°C for 60minutes. 
Furthermore, the cDNA was diluted two 

times with DEPC water. 

Table 1. RT-mixture  
Reagent Volume for one sample 

M-MLU 5x buffer 5 μl 
Random hexamer 1 μl 
dNTPs 5 μl 
DEPC water 2,5 μl 
M-MLU RNAse 0,5 μl 

 

Real time PCR 

Real time PCR is a technique used to 

monitor the progress of a PCR reaction 

in real time.  

At the same time, a relatively small 

amount of PCR product (DNA, cDNA or 

RNA) can be quantified. Real Time PCR is 

based on the detection of the 

fluorescence produced by a reporter 

molecule which increases, as the 

reaction proceeds. This occurs due to 

the accumulation of the PCR product 

with each cycle of amplification. These 

fluorescent reporter molecules include 

dyes that bind to the double-stranded 

DNA or sequence specific probes. 

Real time PCR facilitates the 

monitoring of the reaction as it 

progresses. 

In combination with reverse-

transcription PCR (RT-PCR), qPCR assays 

can be used to precisely quantitate 

changes in gene expression 

Results of the process are shown in 

amplification plot (Fig.4). 

 

 

 

 

Figure 3: RT-PCR process 
In: Naomi Altman. Measuring Gene Expression 

[lecture]. Dept. of Statistics and PSU. 2006. 

Available from: 

http://sites.stat.psu.edu/~naomi/talks/Gene&P

roteinExp.pdf 
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In this plot, the number of PCR cycles is 

shown on the x-axis, and the 

fluorescence from the amplification 

reaction, which is proportional to the 

amount of amplified product in the 

tube, is shown on the y-axis. 

The amplification plot shows two 

phases, an exponential phase followed 

by a non-exponential plateau phase. 

During the exponential phase, the 

amount of PCR product approximately 

doubles in each cycle. As the reaction 

proceeds, however, reaction 

components are consumed, and 

ultimately one or more of the 

components becomes limiting. At this 

point, the reaction slows and enters the 

plateau phase (cycles 28–40 in Figure 4). 

The cycle number where enough 

amplified product accumulates to yield 

a detectable fluorescence signal is called 

the quantification cycle, or Cq. Because 

the Cq value is measured in the 

exponential phase when reagents are 

not limited, real-time qPCR can be used 

to reliably and accurately calculate the 

initial amount of template present in 

the reaction based on the known 

exponential function describing the 

reaction progress. The Cq of a reaction is 

determined mainly by the amount of 

template present at the start of the 

amplification reaction. [4,5] 

Conclusions 

Till now we are in the middle of 

genotypization. Then we will put the 

samples to the test via Statistica 

program. We are going to select 

chromosomal segment(s), which 

contain(s) genes of interest and after 

that we will analyse them using gene 

expression methods mentioned in the 

article. 
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Abstract: Long-range directed transport in cells is performed by motor proteins such as kinesin 

and dynein walking along microtubules. For this transport, different cargoes are bound to the 

motor proteins by adaptor complexes whose exact constitution and working mechanism are 

not entirely understood. As motor proteins are essential for the transport in neurons an 

important step toward the understanding of neurotransmission can be taken by learning how 

different motor proteins work. In this work, the motor protein-adaptor-cargo-complex was 

investigated by using Optical Tweezer in combination with confocal microscopy for single 

molecule analysis.  

Introduction 

 Mitochondria are membrane-

bound organelles found in the 

cytoplasm of all eukaryotic cells and are 

responsible for the production of ATP 

as an energy source of the organism. 

With the advent of new imaging 

techniques, it became possible to 

observe mitochondria being transport 

within the cell in a directed manner. 

Due to the practical characteristics of 

axons being remarkably long with 

parallel oriented microtubules, this 

transport is mostly being visualized 

within axons. [1] 

For mitochondria being 

transported they bind to polar 

filaments called microtubules through a 

motor-adaptor complex. More 

precisely the Rho GTAPase Miro binds 

to the mitochondria through its 

mitochondrial outer-membrane binding 

domain and simultaneously to another 

adaptor protein called Milton (TRAK). 

This Milton protein associates 

furthermore to one of the opposite 

directed motor proteins kinesin and 

dynein that in turn binds to a 

microtubule (depicted in Fig. 1) 

 
Figure 1. Schematic picture of a 

mitochondrion bound to a microtubule 

through the motor-adaptor complex. [1] 

 

For in vitro studies, the 

transport system has to be replicated 

precisely in order to investigate single 

molecules and thus the complex system 

of interactions between the motor 

complex and mitochondria. The C-Trap 

- a combination of an optical tweezer, a 

scanning confocal microscopy and a 

microfluidic system -  represents an 

excellent technique for these 

investigation.  
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Technical basis 

 Optical tweezers use a highly 

focused laser beam for trapping objects 

in a range from a few nm up to 100 µm. 

With the setup used in our experiments 

up to four optical traps can be 

activated simultaneously. 

 Furthermore, optical tweezers 

can be used for force spectroscopy. 

Therefore, the exerted force is 

measured on all beads captured in the 

laser traps by measuring the 

displacement of the beads. It is possible 

to translate the measured deviation of 

the traps into the force of 

intermolecular and atomic bonds. 

Usually those forces are in the range of 

pN. [3]  

Figure 2 shows an exemplary 

diagram of the displacement of a bead 

measured on sensitive PSD detectors 

by back–focal–plane interferometry. It 

means that the system analyses the 

light exiting the trap. Displacement 

changes the intensity distribution of 

the transmitted light. By comparing the 

photon signal from the displaced 

position to the original one, the force is 

obtained. [2][3]. 

  
Figure 2. Schematic picture of measuring 

displacement of beads with back-focal-

plane interferometry. [4] 

 

 In Figure 3 captured polystyrene 

beads are depicted. The bright field 

picture with beads is obtained from 

LED - illuminated CMOS camera 

(complementary metal - oxide 

semiconductor) with a wavelength of 

875 nm. For fluorescent imaging three 

different excitation lasers (640 nm, 543 

nm and 467 nm) can be used. 

Furthermore, the system can function 

as well as a scanning confocal 

microscope. [3] 

 
Figure 3. DNA tethered between two 

beads in presence of 1 nM Sytox Orange 

dye. Imaged by a) confocal fluorescent 

microscopy and b) bright field microscopy.  

Microscope and microfluidic system 

 Samples are placed in syringes 

with an automatic pressure system and 

then injected into a microfluidic system 

(flow cell) through 0.1 mm wide tubes 

(Fig. 4). Due to the small diameter of 

the channels within the microfluidic 

system a laminar flow keeps the 

samples separated (Fig. 5 and 6).  

 
Figure 4. Optical tweezer with a 

microfluidic system. A-Pressure system 

with syringes and samples. B-Chip with 

flow cells on moving stage. 
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Figure 5. Scheme of microfluidic system 

with four different channels.  

 
Figure 6. Close-up of the microfluidic 

system. In each channel the applied 

sample is depicted. The two optical traps 

are indicated by red arrows.  

 

Instead of a microfluidic system a 

glass cover slip coated with anti-tubulin 

antibodies can be used if one wants to 

investigate immobilized microtubules. 

An example of this cover slip is shown 

in Fig. 7. 

 
Figure 7. Glass cover slip.  

 

 

 

 

 

 

 

 

Experimental setup of DNA 

For optimizing the setup and 

becoming acquainted with the system, 

simple DNA-force-measurements were 

performed. We used 500 ng/ml 

bacteriophage λ-DNA together with 

3.05 µm streptavidin polystyrene beads 

and Sytox Orange (10 - 100 nM). All 

reagents were diluted in PBS.  

DNA molecules are fragile and 

susceptible elements that are damaged 

upon radiation by strong lasers. 

Therefore, the trapping laser is focused 

on the polystyrene beads and not on 

the DNA itself. Bleaching was 

prevented by using an oxygen 

scavenger system consisting of 0.22 

mg/ml glucose oxidase and 0.02 mg/ml 

catalase in PBS. 

In Fig. 8 we can see record of 

fluorescent points in time known as 

kymograph. The molecule of DNA is 

held in different tensions, while the 

fluorescent signal is recorded over 

time. As the molecule is more 

stretched, more fluorescent molecules 

are bounded. It emphasizes the 

difference of imaging in the presence 

and absence of an oxygen scavenger 

system. While a molecule of DNA was 

stretched in both cases in the same 

way, only by using oxygen scavenger 

the Sytox orange dye can be seen (Fig. 

8a). In the absence of oxygen scavenger 

bleaching occurs too fast and a 

fluorescent signal of the dye cannot be 

recorded (Fig. 8b). 
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Figure 8. Kymograph of a cyanine dye 

Sytox-Orange on a molecule of DNA. a) 

Imaged in the presence of oxygen 

scavenger. b) Imaged without oxygen 

scavenger. 

 

One part of our experiments was 

measuring the force that can be 

applied on a molecule of DNA without 

breaking it. Therefore, two beads were 

trapped with the lasers and DNA was 

caught between the two beads. By 

moving the beads slowly closer 

together and further apart, the applied 

force for differently stretched DNA was 

measured. In Fig. 9 an exemplary 

diagram is depicted with a theoretical 

curve (orange) and the measured force 

on one molecule of DNA (black). At a 

distance of 13 µm the DNA stretches 

before it breaks at a distance of 

approximately 16 µm with force 58 pN.  

 
Figure 9. Force curve for one DNA 

molecule according to the distance 

between two beads captured in the traps.  

Microtubules and motor proteins 

After successfully testing and 

adjusting the optical tweezers with 

DNA-force measurements, it was 

possible to make headway with our 

main task. 

As mentioned in the introduction, 

our research is focused on the study of 

structural proteins. In the next 

experiment we investigated in vitro the 

interplay between microtubules and 

kinesin motor proteins by using optical 

tweezers. 

Therefore, fluorescently labelled 

microtubules were bound to anti-

tubulin antibody coated cover slips (Fig. 

10). After adding kinesin motor 

proteins their movement over time 

could be recorded. This movement is 

visualized in the kymograph in Fig. 11. 
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Figure 10. Cy5 labelled microtubules 

bounded anti-tubulin antibodies on a glass 

coverslip. 

 
Figure 11. Kymograph of kinesin motor 

proteins walking along a microtubule.  

Conclusions 

By performing DNA-force 

measurements I got acquainted with 

the optical tweezer setup and was able 

to record a fluorescent signal from a 

single molecule of cyanine Sytox-

Orange dye. The single dye sensitivity 

allowed for resolving individual DNA 

binding events, which increase with 

tension for a molecule.  

With this, we proved that we are 

able to record a single molecule signal, 

that our experiments work, and that 

we are able to continue in our research 

with microtubules and motor proteins.  
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