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Photoexcitation dynamics in diamond
particles with various concentration of NV-centers
E. Y. Voroninaa, E. V. Ushakovaa, K. V. Bogdanova and V. Y. Osipovb
aITMO

University, Saint Petersburg, Russian Federation
Institute A.F. Ioffe, St. Petersburg, Russian Federation

bPhysico-Technical

vloirzoan@gmail.com
Diamond micro- and nanoparticles have proved to be a potential
material for use as diagnostic, visualizing and therapeutic agents in biological
and electronic applications1. Most of these applications are based on unique
optical and magnetic properties associated with point defects in their crystal
lattice.
It turned out that the irradiation of samples with an electron beam
creates nitrogen-substituted vacancies in the diamond (NV-centers) which are
color centers. Resonant transitions caused by the internal excitation of NVcenters lead to the appearance of several narrow absorption and
luminescence lines, namely, near 575 and 638 nm, respectively, to neutral (NV0) and negatively charged (NV-) centers2.
The goal of this work is to investigate transient parameters of
photoluminescence (PL) in the diamond microparticle samples depending on
the method of their synthesis and post-processing. The transient PL
parameters were obtained using a MicroTime 100 luminescent microscope
(PicoQuant, Germany). Samples of diamonds doped with nitrogen atoms at
different concentrations were obtained by high pressure high temperature
(HPHT) method. The two series of samples were studied. All samples were
irradiated by an electron beam with a density of ~2ˣ10 18e/cm2. Thus the
samples of different nitrogen atom concentrations: low (about 150 ppm),
medium (about 400 ppm) and high, were obtained in both series. Then
samples of second series were heated for 6 hours at a temperature of 8000C.
Fluorescence lifetime images (FLIM) together with PL decay curves
were obtained for all samples. An analysis of the experimental data shows
that, with increasing of the nitrogen atoms concentration in diamond
microparticles, the PL intensity and lifetimes decrease. It was also found that
thermal treatment strongly influences the PL parameters and its quantum
yield.
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Also in this work the application of nanodiamonds (ND) in medicine
and biology are discussed. Recently NDs have been used as luminescent
optical markers. They are ideal candidates for long-term visualizing and
tracking in biological complexes because of their non-toxicity and ideal
photostability without photobleaching and blinking. The lifetime of NVcenters is substantially longer than that of cell and tissue autofluorescence
(about 1–4 ns). Time-gating fluorescence imaging and FLIM can eliminate the
autofluorescence background signal during fluorescence detection3.
Also NDs have been already successfully used for targeted drug
delivery. For instance, in Ref. 4 it was shown that diamond nanoparticles (4-6
nm in diameter), functionalized with carboxyl groups, could adsorb drug
molecules through physisorption and electrostatic interactions. In addition,
these multifunctional NDs could distinguish between cancer cells and normal
cells and transport the loaded drugs across the plasma membrane of cancer
cells5.
References
1. V. N. Mochalin, O. Shenderova, D. Ho, Y. Gogotsi, The properties and
applications of nanodiamonds, Nature Nanotech., 7, 11–23, (2012).
2. Y. Mita, Change of absorption spectra in type-Ib diamond with heavy neutron
irradiation, Phys. Rev., 53, №17, 11360, (1996).
3. W W-W Hsiao, Y. Y. Hui, P-C. Tsai and H-C. Chang, Fluorescent nanodiamond:
a versatile tool for long-term cell tracking, super-resolution imaging, and
nanoscale temperature sensing, Acc. Chem. Res. 49 400–7, (2016)
4. M. Chen, E. D. Pierstorff, R. Lam, S.-Y. Li, H. Huang, E. Osawa and D. Ho,
Nanodiamond-mediated delivery of water-insoluble therapeutics, ACS Nano,
3, 2016–2022 (2009)
5. M. Karimi, A. Ghasemi, P. S. Zangabad, R. Rahighi, M. M. S. Basri, H.
Mirshekari, M. Amiri, Z. S. Pishabad, A. Aslani, M. Bozorgomid, D. Ghosh, A.
Beyzavi, A. Vaseghi, A. R. Aref, L. Haghani, S. Bahrami, M. R. Hamblin, Smart
Micro/nanoparticles in Stimulus Responsive Drug/Gene Delivery Systems.
Chem. Soc. Rev., 45, 1457-1501. (2016)

7

The 1st international school-conference
Smart nanosystems for translation medicine

Multifunctional capsules as drug delivery carriers
into cells
Mikhail V. Zyuzina
aITMO

University, St. Petersburg, Russia

mikhail.zyuzin@metalab.ifmo.ru
The choice of the optimal delivery carrier depends on the used cells and
on the size of delivered cargo. There are viral and non-viral gene delivery
systems (vectors). Non-viral vectors include, for example, nano- and
microparticles, which can be loaded with DNA. Nowadays, viral vectors are
used as delivery vehicles in a higher rate because of high transfection
efficiency and the feature of selectivity (targeted delivery of cargo into cells) 1.
However, the viral DNA carriers can be immunogenic; they can be destroyed
with the immune system before they realize their function. Moreover, these
viral systems can induce strong immune responses after introduction of
viruses. The first unsuccessful clinical trials of viruses as gene delivery
systems led to an inflammatory response to the viral vector (adenovirus)2.
Thus, the non-viral delivery carriers can be a real alternative to the viral
vector because of their biocompatibility, low pathogenicity, stable synthesis
and low costs. The use of the non-viral vectors in the clinical trials has
significantly increased since the past years, while the tests of the viral delivery
systems have on the contrary decreased. Unfortunately, there are some
biological barriers, which prevent the successful non-viral drug/gene delivery
into the cells. These biological barriers include
1. Degradation of cargo, for example, polynucleotides, in the
extracellular environment,
2. Internalization pathway of drug/gene carrier with cells,
3. Endosomic release of cargo/carrier into the cytosol of cells,
4. Release of cargo from the carriers inside cells,
5. Penetration of polynucleotides into the nucleus of the cells, where the
mechanism of the protein expression is triggered.
In case of the in vivo experiments additional factors limit successful nonviral drug/gene delivery into cells, for example, the physicochemical
properties of the carriers, e.g., size and zeta-potential. These properties have
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to be taken into account since drug/gene delivery systems may be not stable
in the blood stream.
These problems can be solved by encapsulation of DNA or other organic
substances into the hollow particles (capsules). One of the main advantages of
capsules is the stability of their synthesis, which takes place under neutral
conditions and allows loading of sensitive substances into their cavity.
Moreover, the capsules walls can perform a protective function, thus the cargo
does not degrade in the extra- and intracellular environment, for example, in
the cell culture medium. The use of silica capsules as carriers makes it
possible to deliver substances to the cytosol of cells, and the non-toxicity and
biocompatibility of these delivery systems allow their employment as nonviral vectors3.
References
1. H. Yin, R. L. Kanasty, A. A. Eltoukhy, A. J. Vegas, J. R. Dorkin & D. G.
Anderson, Non-viral vectors for gene-based therapy, Nat. Rev. Gen. 15, 541
(2014).
2. D. J. Gloves, H. J. Lipps, Towards safe non viral therapeutic gene expression
in humans, Nat. Rev. Gen. 6, 299 (2005)
3. A. Ott, X. Yu, R. Hartmann, J. Rejman, A. Schütz, M. Ochs, W. J. Parak, and S.
Carregal-Romero, Light-Addressable and Degradable Silica Capsules for
Delivery of Molecular Cargo to the Cytosol of Cells, Chem. Mater., 27, 1929
(2015)
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Hybrid nanostructures based on semiconductor
quantum dots for photodynamic cancer therapy
A.K. Visheratinaa, A.O. Orlovaa, А.V. Baranova, A.V. Fedorova and Y.K. Gun'koa,b
bSchool

aITMO University, St. Petersburg, Russia
of Chemistry and CRANN, University of Dublin, Trinity College, Dublin, Ireland

a.k.visheratina@gmail.com
Photodynamic therapy (PDT) is a promising and non-invasive method of
cancer treatment, which is based on the ability of photosensitizing molecules
(PS), selectively accumulate in tumor tissues and under irradiation generate
reactive oxygen species (ROS), including singlet oxygen, which destroys
surrounding cancer cells1. Photosensitizers used nowadays in clinical practice
(porphyrins, chlorins, phthalocyanines etc.) have several disadvantages
including limited selectivity for cancer cells, poor solubility in water, slow
elimination from the body2. Thus, development of new drugs for PDT, which
are able to reduce these side effects, remain urgent.
State-of-art technics of nanotechnology may help overcome limitations
of current cancer treatment and thus contribute to the development of more
effective, safer and more affordable therapies.
In the past decades, semiconductor quantum dots (QDs), have been
considered as promising materials for many biological and medical
applications due to their unique size-dependent optical properties, high
stability and easy surface modification3. It has been suggested to use QDs in
PDT as resonance energy donors for a conventional PS in order to extend the
photoexcitation range of the PS and solve selectivity problems of a
conventional PS in PDT4. Also the surface of QD can be simultaneously coated
with several photosensitizers and special linker molecules providing targeted
delivery of whole hybrid nanostructure into cancer cells. Hence, the
photodynamic effect of hybrid nanostructure can be significantly higher
compared to that of free PS.
Nowadays hybrid nanostructures based on QDs and PS are widely
investigated, and the focus of these studies is on the efficiency of energy
transfer from QDs to PS. At the same time, it is also necessary to monitor the
chiral properties of the PS in the hybrid nanostructures. Such studies are
crucial since chiroptical properties of molecules can be significantly changed
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near a QD surface and potentially provoke a transformation of molecule’s
spatial configuration and functional properties. Therefore, studying QD
influence on the chiral properties of organic molecules in hybrid
nanostructures is of great interest from a fundamental and applied point of
view.
Here we report the investigation of photophysical properties of hybrid
nanostructures based on semiconductor QDs and second-generation PS,
chlorin e6. Hybrid nanostructures were formed in different media and as a
result have the different distance between QD core and chlorin e6. It has been
found that chiral properties of chlorin e6 depend on the distance between QD
core and chlorin e6. As a continuation of our research, we are going to
investigate the correlation between chlorin e6 chiral and functional
properties.

References
1. T. J. Dougherty, C. J. Gomer, B. W. Henderson, G. Jori, D. Kessel, M. Korbelik
and Q. Peng, Photodynamic therapy, Journal of the National Cancer Institute
90, 889-905 (1998).
2. R. R. Allison, G. H. Downie, R. Cuenca, X. H. Hu, C. J. Childs and C. H. Sibata,
Photosensitizers in clinical PDT, Photodiagnosis and photodynamic therapy
1, 27-42 (2004).
3. V. Martynenko, A. P. Litvin, F. Purcell-Milton, A. V. Baranov, A. V. Fedorov,
Y. K. Gun'ko, Application of semiconductor quantum dots in bioimaging and
biosensing, Journal of Materials Chemistry B 5, 6701-6727 (2017).
4. T. A. Debele, S. Peng, H. C. Tsai, Drug carrier for photodynamic cancer
therapy, International journal of molecular sciences 16, 22094-22136
(2015).
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Luminescence of nanocrystals heated by a focused
laser beam
D.I. Gozhalskiya, T.K. Kormilinaa, V.V. Zakharova, S.A. Cherevkova, A.Y.
Dubovika, A.V. Veniaminova
aITMO

University, Saint-Petersburg, Russia

gozhal.daniil@gmail.com
This research of temperature impact on luminescence is aimed at
monitoring possible heating of the objects by laser scanning microscopy, and
at local temperature measurements. Luminescence spectra of quantum
nanocrystals: CdSe and CdSe/ZnS nanoplatelets with emission maxima at 466,
515 nm and CdSe/ZnS quantum dots (537 and 634 nm at 25°C were measured
using LSM710 microscope (Zeiss). The specimens under investigation were
set up on the electrically heated glass plate with conductive coating.
Luminescent thermochromism of all the objects was confirmed in the
experiments: when nanocrystals were heated up, the emission spectra
experienced a noticeable red shift, and its intensity decreased.

Figure 1. Luminescence spectra of nanoplatelets at different
temperatures
This temperature effect on luminescence is represented in Figs. 1 and 2
by series of spectrum measurements of nanoplatelets’ luminescence in the
temperature range from 25 to 100 . Simple contour of the luminescence
band, which reversibly and reproducibly displaces by 0.1-0.2 nm/K as
nanocrystals are heated or cooled down, makes them attractive candidates for
local temperature measurements. Significantly narrower luminescence
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spectra of nanoplatelets ensure the benefit in accuracy of temperature
determination as compared with quantum dots.

Figure 2. Temperature dependence of wavelength of the luminescence
maximuim for nanoplatelets
Varying the laser power also leads to spectral changes similar to those
observed at heating/cooling cycles that can be interpreted as a signature of
heating nanopletelets in the focal volume (see e.g. Fig. 3).

Figure 3. Heating of nanoplatelets by focused laser beam measured via
luminescent maximum shift, at different values of laser power
The presented results show that temperature effects on luminescent
semiconductor nanocrystals, especially nanoplatelets, deserve further study
in the role of temperature nanoprobes that potentially could be applied e.g. for
intracellular measurements.
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Behaviour of CdSe/ZnS semiconductor
nanoparticles in LC matrix under electric field
D. Khmelevskaya, M.A. Kurochkina, and E.A. Konshina
ITMO University, St. Petersburg, Russia

Khmelevskaya.dasha@yandex.ru
Over the past decade the optical properties of hybrid structures based on
liquid crystals (LCs) and semiconductor nanoparticles have attracted
increasing attention of scientists1. Quantum dots demonstrate unique
properties such as high quantum yield, narrow symmetric luminescence peak,
high photostability and others, which are used in various sensory, biomedical
applications, laser emission limiters and photonic devices 2,3. To control the
properties of quantum nanoparticles they are introduced into various
matrices4, which can be conditionally divided into 2 types - passive and active.
The liquid crystals based on alkylcyanobiphenyls could be used as an active
matrix. However, the addition of nanoobjects to the LC matrix affects not only
the characteristics of the matrix itself, but also leads to a change in the
properties of the embedded nanoparticles5,6. The absence of a general theory
describing the mechanisms of interaction of LCs and semiconductor
nanoparticles, explaining the observed processes of quenching and
enhancement of the luminescence of QDs in the LC matrix, makes it urgent to
conduct detailed studies of these condensed media. The aim of this work was
to study the photoluminescence of CdSe/ZnS semiconductor QDs in an LC
matrix in an external electric field.
The investigated composites were prepared by adding a sample of dry
hydrophobic semiconductor CdSe/ZnS quantum dots with a core diameter of
3.5 nm and 5 nm to a nematic liquid crystal LC-1289 with a positive dielectric
anisotropy. The liquid-crystal cells of the sandwich type assembled from two
quartz substrates coated with layers of indium-tin oxides and a planar
orienting layer were filled by composites obtained using the ultrasound for an
hour. The thickness of the cell was set by spacers 18-20 μm. The
photoluminescence of QDs was studied using a confocal laser scanning
microscope LSM 710 (Carl Zeiss) when excited by light at a wavelength of 405
nm.
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An analysis of the experimental data showed that an increase in the
electric field applied to the LC cell led to the enhancement of the CdSe/ZnS
quantum dots photoluminescence in LC composites with a concentration of
1 wt. %. The maximum value of the PL intensity of semiconductor
nanoparticles was observed at electrical field strength of about 0.125 V/μm.
Such process is associated with passivation of centers of recombination of
quantum dots in the LC matrix and also with energy transfer from a liquid
crystal to semiconductor nanoparticles. A further increase in the electric field
strength led to a significant quenching of the photoluminescence of the QDs.
This could be explained by a decrease in the probability of recombination of
the electron-hole pair in an external electric field as a result of a decrease in
the overlapping of the wave functions of the electron and hole in the excited
nanoparticle and an increase in the size of quantum dots aggregates as a result
of the reorientation of the nematic director.
References
1. J. Mirzaei, M. Reznikov, T. Hegmann, Quantum dots as liquid crystal
dopants, J. Mater. Chem. 22, 22350 (2012).
2. G. Singh, M. Fisch, S. Kumar, Emissivity and electrooptical properties of
semiconducting quantum dots/rods and liquid crystal composites: a
review, Rep. Prog. Phys, 79, 056502 (2016).
3. T. Jamieson, R. Bakhshi, D. Petrova, R. Pocock, M. Imani, A.M. Seifalian,
Biological applications of quantum dots, Biomaterials 28, 4717–4732
(2007)
4. A.O. Orlova, M.A. Kurochkina, Y.A. Gromova, V.G. Maslov, E.N. Bodunov, A.V.
Baranov, A.V. Fedorov, Resonant energy transfer in rigid solutions of
semiconductor quantum dots with a concentration gradient, Proc. SPIE
9126, 912617 (1-10) (2014).
5. M.A. Kurochkina, E.A. Konshina, Luminescence quenching of nematic
liquid crystal upon doping with CdSe/ZnS quantum dots, Opt. and spectr.,
118 № 1, 111-113 (2015).
6. M.A. Kurochkina, E.A. Konshina, D.P. Shcherbinin, Specific features of
luminescence quenching in a nematic liquid crystal doped with
nanoparticles, Opt. and spectr. 121, № 4, 585–591 (2016).
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Alloyed CdZnSe/ZnS quantum dot – gold
nanoparticle complexes
D. A. Volginaa, E. A. Stepanidenkoa, T. K. Kormilinaa, S. A. Cherevkova,
A. Dubavika, M. A. Baranova, A. V. Fedorova, E. V. Ushakovaa and A. V. Baranova
aITMO

University, Saint Petersburg, Russian Federation

dominica_volgina@mail.ru
One of the main tasks in an investigation of biological tissues is the
evaluation of their morphology visualized by the optical microscopy 1. At this
point, lots of problems occur: these systems are a scattering media, which
prevents the estimation of high-quality images. In this case, the colloidal
nanoparticles can improve the spatial resolution. Previously, the colloidal
quantum dots (QDs) succeeded in this task2,3. Nevertheless, this system can be
improved by the addition of the particles possessing near-field enhancement.
Thus, the development of formation protocols of the QDs and metal
nanoparticles (NPs) complexes in colloidal solution is highly in demand. These
complexes combine either unique optical properties of QDs, such as high
quantum yield and large values of extinction coefficients over a wide spectral
range, and amplification of local fields near metal NPs. The optical properties
of the QD-NP complex could be tuned by the variation of the interparticle
distance and the overlapping of the plasmon resonance and the absorbance
peak. In this work, we investigated the morphology and optical properties of
semiconductor alloyed CdZnSe/ZnS QDs and metal Au NPs complexes formed
in colloidal solution in different solvents.
Spectral analysis of the complexes was performed using a
spectrophotometer UV3600 (Shimadzu, Japan), a spectrofluorometer Cary
Eclipse (Varian, USA) and a confocal microscope LSM-710 (Carl Zeiss,
Germany). For the investigation of the PL decay of the complexes obtained
MicroTime 100 microscope (PicoQuant, Germany) was used. To study the
morphology of the formed complexes on the substrate, the electron
microscope Merlin (Carl Zeiss, Germany) was used.
Firstly, the influence of relative concentrations of QDs and NPs-PEG in
the organic solvents on the optical response of the complexes formed was
investigated. We compared the experimental and calculated data to
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understand the interaction process of QDs and NPs in the system. It was found
that in the presence of Au NPs quenching of QD PL occurred. The obtained
value of relative quenching factor was greater, the smaller the initial QD
concentration in the mixture. This is mostly caused by the undesirable process
of resonant energy transfer from QD to Au NP within the mixture. Hence, the
control of the interparticle distance in such complexes to avoid QD PL
quenching is in demand.
Next, the complexes of bound QD-NP were formed using ligands of
different types. 4-mercaptobenzoic acid (4-MBA) and 6-mercaptohexanoic
acid (6-MHA) were used as molecule-linkers bonded both QD and NP. Thus,
the complexes with controllable interparticle distances were obtained.
Morphology and optical properties of the complexes were investigated
depending on the type and length of the ligand chain, types of solvents in
initial colloidal solutions and on the method of complexes' preparation. The
results of the investigation of the morphology and optical properties of QD-NP
complexes in colloidal solution shows that the parameters of this systems
depend mostly on ligand type and complex formation protocol. At the moment
the complexes of bound QD-NP in colloid with preserved QD optical
properties are obtained.
Further investigation on the improvement of the complexes' optical
responses is needed. These results will expand the understanding of the
interaction of the components in hybrid nanostructured materials.
References
1. R. H. Wilson, K. Vishwanath and M. A. Mycek, Optical methods for
quantitative and label-free sensing in living human tissues: principles,
techniques, and applications, Adv. in Phys.: X. 1, №. 4, 523-543 (2016).
2. U. Resch-Genger et al. Quantum dots versus organic dyes as fluorescent
label. Nat. methods. 5, № 9, 763-775 (2008).
3. E. Petryayeva, W. R. Algar and I. L. Medintz, Quantum dots in bioanalysis: a
review of applications across various platforms for fluorescence spectroscopy
and imaging //Appl. spectrosc. 67, № 3, 215-252 (2013).
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Photocatalytic properties of hybrid nanostructures
based on semiconductor quantum dots and TiO2
nanoparticles
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Baranova and A.V.Fedorova
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Bacterial infections represent a serious threat to human health, 15
million people die every year from bacterial infections. New strains of
antibiotic-resistant bacteria appear every year, and we are not talking about
rare pathogens, but common pathogens such as pneumococcus and
Staphylococcus aureus. The global problem of antibiotic resistance is fast
becoming one of the major scientific issues of modern times. Common
infections can become incurable, contributing to the urgency of development
of alternative antimicrobial agents.
Nanomaterials are emerging as a weapon against bacteria due to their
unique physical and chemical properties1. Oxidative stress induced by
reactive oxgen species (ROS) generation in NPs systems is thought to be the
main mechanism of their antibacterial activity, including metal-oxide NPs. A
promising antibacterial agent are nanoparticles of titanium dioxide (TiO 2), a
biologically inert and non-toxic semiconductor with high photocatalytic
activity. In large number of studies significant antibacterial activity of TiO 2
nanoparticles is confirmed2. NPs generated more ROS than their bulk
counterparts at the same conditions and the average concentration of total
ROS generated by TiO2 more than other metal-oxide NPs (ZnO, Al2O3, SiO2,
Fe2O3, CeO2 and CuO)3. However, UV radiation demonstrates sterilizing
properties and can destroy healthy cells too, thereby damaging the organism.
Using of hybrid structures based on TiO2 NPs and semiconductor quantum
dots (QD) as antimicrobial agents can solve this problem. Antibacterial
activity of TiO2/QD structures is caused by electron transfer from QD to TiO2,
which makes it possible to generate ROS by hybrid structures under visible
irradiation, safe for humans.
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The aim of this work is formation of hybrid structures TiO2/QD with
effective ROS generation under UV and visible radiation due to electron
transfer from QD to TiO2 NP.
In this work TiO2 NP with 2 nm diameter and CdSe/ZnS QD with a core
diameter of 5.5 nm were used. Multilayer hybrid structures have better stability
in comparison with colloidal structures, however acutely the question arises
with the uniformity of components distribution and their surface
modification. The use of the modified Langmuir-Blodgett method makes it
possible to achieve the minimum content of QD aggregates in hybrid
structures, with the thickness of each layer corresponding to 1-2 monolayers
of nanoparticles. Generation of ROS by TiO2 layers and TiO2/QD structures
was studied under UV and visible radiation. To evaluate the efficiency of ROS
generation by hybrid structures, we used the chemical sensor RNO, which is
photobleached in the interaction with ROS. Analysis of obtained data showed
that hybrid structures based on TiO2 nanoparticles and CdSe/ZnS quantum
dots generate ROS under radiation absorbed exclusively by QD. This fact
indicates an effective electron transfer between QD and TiO 2 NP. Moreover, it
has been demonstrated that hybrid structures have greater photocatalytic
activity than TiO2 NPs under UV radiation, due to electron phototransfer from
QD. Our data clearly demonstrate that formed hybrid structures TiO2/QD can be
used as antibacterial agents.
Further investigation the interaction of these hybrid structures with
bacteria E. coli is planned.
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Magnetic circular dichroism spectroscopy as a
probe for the investigation of aggregation, structure
and magnetization of CoFe2O4 nanoparticles
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Magnetic nanoparticles (MNP) attract widespread attention due to their
unique physical properties, which in most cases differ distinctly from the
properties of the bulk material1,2. In sufficiently small nanoparticles
(below ~ 10 nm) magnetic moments can flip randomly under the influence of
temperature, therefore in the absence of an external magnetic field, there is no
MNP remanence and the average magnetization of superparamagnetic MNP
equates to zero2. This property is calling superparamagnetism and makes
MNPs a perfect candidate for a drug delivery because the property of zero
remanence decreases the probability of MNP aggregation and therefore
excludes the danger of obstruction of vessels3. The drawback of using MNPs is
that isolated MNPs are weakly magnetized, in contrast to the aggregated
MNPs or volume materials. Therefore the control of MNP aggregation with
maintaining their superparamagnetic properties remain is an emerging
challenge in the drug delivery area.
In present work, we investigated magnetic and optical properties of
superparamagnetic CoFe2O4 nanoparticles (MNPs) synthesized by the coprecipitation method in the presence of chiral ligands 4, both isolated and in
aggregates of different sizes. New procedures for formation of isolated MNPs
and their aggregates of different sizes have been developed. Magnetic circular
dichroism (MCD) spectroscopy was applied to probe the magnetic, optical and
structural properties of MNPs and their aggregates. We found that MNP
aggregation had a distinct effect upon the resulting MCD signal intensity,
showing a different behaviour for transitions involved Co2+ and Fe3+.
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Established correlation between MCD signal intensity and MNP magnetization
allowed us to postulate the changing of MNP magnetization in colloidal
solutions with aggregate size increasing.

Figure 1. Dependence of G-factor on aggregate size for individual L-cysMNPs and their aggregates in units of T-1 for different transitions. The
transition positions are marked at the plots.

References
1. S. Laurent, D. Forge, M. Port, A. Roch, C. Robic, L. Vander Elst, R.N. Muller.,
Magnetic iron oxide nanoparticles: synthesis, stabilization, vectorization,
physicochemical characterizations, and biological applications, Chem. Rev.,
108, 6, 2064-2110 (2008).
2. C. Liu, B. Zou, A.J. Rondinone, Z.J.Zhang, Chemical control of
superparamagnetic properties of magnesium and cobalt spinel ferrite
nanoparticles through atomic level magnetic couplings. J. Am. Chem. Soc.,
122, 26, 6263-6267 (2000).
3. D. Biswal, B.N. Peeples, C. Peeples, A.K. Pradhan, Tuning of magnetic
properties in cobalt ferrite by varying Fe+2 and Co+2 molar ratios. J. Magn.
Magn. Mater., 345, 1-6 (2013).
4. S. Amiri, H. Shokrollahi, The role of cobalt ferrite magnetic nanoparticles in
medical science. Mater. Sci., 33,1, 1-8 2013.

21

The 1st international school-conference
Smart nanosystems for translation medicine

Cellular imaging with quantum dots based on InP
I. K. Litvinova, b, T. N. Belyaevaa, A. V. Salovaa, N. D. Aksenova, E. A. Leontievaa, A.
O. Orlovab, E. S. Kornilovaa, b, c, d
aInstitute

of Cytology of the Russian Academy of Sciences, St. Petersburg, Russia
bITMO University, St. Petersburg, Russia
cPeter the Great St. Petersburg Polytechnic University, St. Petersburg, Russia
dSt. Petersburg State University, St. Petersburg, Russia

e-mail: lik314@mail.ru
Compared with organic dyes, semiconductor nanocrystals, known as
quantum dots (QDs), offer several unique advantages, such as size- and
composition-tunable emission from visible to infrared wavelengths, large
absorption coefficients across a wide spectral range, and high levels of
brightness and photostability1. QDs based on CdSe are the most used for cell
and intracellular processes imaging, due to the established synthesis protocol.
However, it is known that Cd is a cytotoxic element because it can attach to
various intracellular proteins through sulfhydryl groups, causing disturbances
in intracellular processes. It is important to note that during the application of
QDs as intracellular labels, they fall into acidic compartments of cells, which
can lead to the destruction of QDs shells with the subsequent release of the
core ions into the cytoplasm. One of the solutions to solve the problem of
cytotoxicity is the application of "cadmium-free" QDs, for example, based on
InP. It was found that complexes based on InP-PEG and CPP proteins are
identified in cells without causing toxic effects up to a QDs concentration 1
μM2.
Since there are only a small number of works on the application of InP
QDs in biology, the purpose of this study was to assess the possibilities of
using InP QDs in biological imaging.
In this paper we compared InP QDs with widely used CdSe QDs. The
optical properties of commercial QDs samples based on CdSe/ZnS and
InP/ZnS in aqueous solutions and in cells were compared. QDs CdSe/ZnS were
coated with a PEG shell, InP/ZnS QDs were coated with a PEG shell with -NH2
or -COOH reactive groups. Cellular models were the cells of human epithelial
carcinoma HeLa and macrophage-like cells of line J774.
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Analysis of spectral-luminescent properties showed that the quantum
yield in water for CdSe/ZnS QDs is 31%, and for both types of InP/ZnS QDs is
about 5%. The extinction coefficient is 5.5 ∙ 105 M-1 cm-1 and 3.3 ∙ 105 M-1 cm-1,
respectively for CdSe QDs and InP QDs. Next, the effect of changing the pH of
the environment was evaluated. Analysis of the spectra shows that when the
pH is changed, the position of the maximum of the luminescence of all kinds of
QDs is not shifted. According to the data of spectral-luminescence analysis, the
luminescence quantum yield of CdSe QDs at pH 7.4 and 4.0 was 31% and 8%,
respectively. On the other hand the luminescence quantum yield of both types
of InP QDs at a neutral pH was 4.5% for QD-PEG-NH2 and 5.6% for QD-PEGCOOH, in the case of an acidic pH the quantum yield drops to 2.9% and 4.4%,
respectively.
The interaction of InP QDs with cultured cells was studied by confocal
microscopy and flow cytometry. During the studying of the cell uptake of all
three types of QDs, it was established that the fluorescence spectra of QDs do
not change in comparison with those in solution.
Analysis of luminescence properties of QDs showed the possibility of
visualization of cells using InP QDs. Then this study was focuses on the effect
of reactive groups on the efficiency of cellular uptake. Fluorescence shows the
predominant uptake of InP QD-PEG-COOH in comparison with QD-PEG-NH2.
However, since it is necessary to take into account the possible decay of QDs
inside the intracellular compartments, further studies are needed to
accurately assess the cellular uptake efficiency.
Evaluation of cytotoxicity was performed on HeLa cells by cytometric
analysis using propidium iodide (PI). It was shown that after 24 hours after
the addition of QDs to the nutrient medium, the viability of the cells was more
than 90% (less than 10% of the cells were stained with PI).
It is demonstrated that InP QDs are an effective tool for biological
research.
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The role of QDs surface states in the functioning of
hybrid structures semiconductor
nanocrystals/graphene
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The development of new nanostructured materials and hybrid
structures based on them is one of the most rapidly developing areas in
modern science. Of the entire variety of nanostructured materials, it is worth
allotting the carbon allotrope-graphene, and semiconductor nanocrystals
(NC). Graphene, characterized by its outstanding electrical (high thermal and
electrical conductivity) and strength characteristics, is a promising material
for high-speed photodetectors1. The semiconductor nanocrystals are
characterized by the size dependence of optical properties, a high absorption
capacity in a wide wavelength range, and a high luminescence quantum yield
and photostability. Owing to this set of outstanding properties, NС are in high
demand as radiation receivers in photovoltaics, as markers in biology, as well
as in the diagnosis and treatment of malignant tumors. Obviously, combining
in the hybrid structure of NС and graphene will not only compensate for their
weaknesses (low graphene absorption capacity and low NС conductivity), but
will also ensure more efficient use of the characteristic properties of these
nanostructured materials.
One of the promising applications of such hybrid nanostructures is a gas
sensors, the principle of which is to change the photoconductivity of the
system in the presence of an analyte molecule. In this case, due to their
outstanding electro-optical properties, the NС/Graphene hybrid structures
can have a ultra high gain (108 A/W)2, which makes it possible to make highly
sensitive sensors based on them. The efficiency of the transfer channel of
photo-generated charge carriers from NС to graphene is one of the defining
characteristics of the efficiency of sensors based on hybrid structures of
NС/Graphene. By varying the material and the size of the NС, the mutual
arrangement of the boundaries of the effective forbidden zone of the NС and
the Dirac point of graphene can be changed. This allows us to control the
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efficiency of charge transfer from the NC to graphene and, as a consequence,
the efficiency of the sensor based on the NС/Graphene hybrid structures. Also,
the efficiency of charge transfer in such systems will be determined by the
state of the surface of the NC, and by the presence on it of so-called surface
states (trap states). Their presence causes the emergence of new channels of
non-radiative deactivation of the excited state of the NC, which can also
effectively compete with charge transfer in this system. With the pre-selected
material, the size of the nanocrystal, and certain stabilizer molecules, the
photoinduced change in the surface of the NC is the only way to change the
number of these channels. And as a consequence, changing in the efficiency of
charge carriers transfer from a nanocrystal to graphene.
In this paper, hybrid structures based on graphene and semiconductor
quantum dots CdSe/ZnS, of three different diameters (3.4, 4, 5 nm) were
formed, and the dependence of the photoconductivity of QD/Graphene hybrid
structures from the surface state parameters (QD surface area, the number of
surface defects) of QD and the mutual arrangement of energy levels of QD and
graphene is studied. The change in the number of surface states and, as a
consequence, the QDs nonradiative quenching channels efficiency was
realized as a result of cyclic irradiation of the QD/Graphene hybrid structures
with the light, the energy of which is effectively absorbed by the QD3.
Regardless of the size of the QD core, in all cases a simbasic change in the
quantum yield of the QD luminescence and the photoconductivity of the
QD/graphene hybrid structures was observed. The obtained data indicate the
possibility of efficient modeling of QD/Graphene hybrid structures
photoconductivity and the sensitivity of sensory systems created on their
basis. At the same time, there were no obvious differences in the efficiency of
the photoinduced change of QD/Graphene hybrid structure conductivity
depending on the mutual arrangement of energy levels of QD and graphene.
This fact is most likely connected with the QD aggregation in composition of
hybrid structures, which is led to the appearance of new effective channels of
nonradiative deactivation of the excited state in QD.
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Biological tissues have a transparency window located mostly in nearinfrared spectral (NIR) range. It can be effectively used in numerous
applications, such as optical coherent tomography1, photodynamic therapy
and fluorescent visualization2. Light-harvesting and light-emitting materials
for the NIR are also widely used in photovoltaics and optoelectronics 3. For
their characterization, it is crucial to have highly sensitive research
equipment.
We present custom-build experimental setup for NIR photoluminescence
measurement and analysis. Presented setup can be used to gather PL spectral
and decay data in wavelength range from 900 nm to 1700 nm with spectral
resolution up to 5 nm. It is also possible to measure spectral-selective PL
decay. Core element of the setup is highly-sensitive InGaAs/InP avalanche
photodiode, operating in photon-counting mode, thus capable of detecting PL
signals from objects with weak emission. As an example, we demonstrate PL
data from thin films of PbS QDs with thickness up to a few monolayers and
low-concentration colloidal solutions (up to 10-8 М). PL decay data can be
measured with or without spectral separation provided from spectral
monochromator. PL decay. Time-base of decay measurement ranges from 170
ns to 10 ms, with maximum time resolution limit of 164 ps. To study
temperature-dependent PL properties the setup is equipped with liquid
nitrogen cryostat, capable of sustaining temperatures down to 80K.
An important asset of the setup is the possibility to adjust experimental
configuration to the necessary one. To realize simple switch between different
detection modes (i.e. steady-state and transient) in the setup we utilize optical
fibers to guide excitation light to the sample. By doing so we can work with a
wide variety of continuous-wave and pulsed lasers sources. We demonstrate
the PL spectral and decay data obtained with cw-LED and different pulsed
laser excitation respectively.
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The setup allows further research of various NIR-emitting materials, such
as porous silicon, nanocrystals of narrow-bandgap semiconductors, or singlet
oxygen – an important part of the photodynamic therapy.
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The results of experiments on the effect of surface plasmon resonance on
the emissivity of organic dyes: Rodamin B (RB) and 2-4-Dimethylaminosterol-1-methylpyridinium (DSM) in a polymer matrix based on acrylates are
presented. Using the UV-lithography method, polymer dye matrices were
obtained to study optical properties.
Microlasers based on organic dyes are microelements of integrated
optics, widely used as sources and converters of radiation, as well as various
sensors1. Prospective studies are aimed at improving the generation
characteristics of microlasers, including by enhancing the fluorescent
properties of organic dyes, for example, by plasmon resonance of metallic
nanoparticles2.
The aim of this work is to study the effect of plasmon resonance of gold
on the optical properties of organic dyes RB and DSM in a polymer matrix
based on a mixture of acrylates.
As the polymer matrix, the composition was: isodecyl acrylate (IDA), 1,6hexanediol diacrylate (DIOL) and 2 carboxyethyl acrylate (2Carb), in a weight
ratio of 45:45:10, respectively. The photoinitiator for UV-polymerization was
2,2-dimethoxy-2 phenylacetophenone (In2) with a mass fraction of 0.5%. The
concentration of the dye in the polymer matrix was 0.05% by weight. Gold
film about 10 μm microns thick were formed on the glass substrate by
magnetron sputtering.
A liquid monomer composition with a dye was applied to the surface of
the prepared substrates, after which a solid polymer film was formed by
contact UV-polymerization. The thickness of the polymer film was about 50
μm. Optical absorption and fluorescence spectra of Rhodamine B in a polymer
matrix with a thin gold layer and without it are shown in Fig. 1 and 2, DSM in a
polymer matrix with a thin gold layer and without it are shown in Fig. 3 and 4.
It should be noted the enhancement of optical absorption and fluorescence of
samples with gold.
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Figure 1. Optical absorption
spectra of Rhodamine B in a
polymer matrix in the absence (a)
and the presence (b) of plasmon
resonance and optical absorption
of a gold film (c).

Figure 3. Optical absorption
spectra of DSM in a polymer
matrix in the absence (a) and the
presence
(b)
of
plasmon
resonance and optical absorption
of a gold film (c).

Figure 2. Fluorescence spectra of
Rhodamine B in a polymer matrix in
the presence of (a) and absence of (b)
plasmon resonance.

Figure
4.
Fluorescence
spectra of DSM in the polymer
matrix in the presence of (a) and
absence of (b) plasmon resonance.
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Chiral surface complexes based on PAN azo-dye and
CdSe/ZnS quantum dots
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In the last years, considerable attention is drawn to the chiral hybrid
nanostructures based on naturally occurring chiral molecules and artificially
fabricated nanoparticles. The study of such systems is of great interest due to
potential and real application of chiral materials in biology and medicine 1-2.
Herein, as most biomolecules are chiral, the investigation of chiral properties
of hybrid nanostructures, presents an actual problem.
In this work we obtained and investigated chiral surface complexes
based on CdSe/ZnS QDs capped with L-cysteine (Lcys) or D-cysteine (Dcys)
ligands and 1-(2-Pyridylazo)-2-naphtol (PAN) azo-dye molecules. The
comprehensive characterization of the complexes is performed by means of
UV-vis, FTIR and circular dichroism (CD) spectroscopy. On the basis of
quantum chemical calculations we proposed most probable geometry of
obtained chiral surface complexes.
To prepare the surface complexes of PAN with Lcys(Dcys) capped
CdSe/ZnS QDs, we mixed the a micro volume of PAN solution in toluene with
aqueous solution of QDs (10-5 mol L-1) in concentration ratio equal to 4:1
(CPAN:CQD=4:1). After that, the mixed solution was thoroughly stirred by
ultrasound irradiation during 3 minutes, and was left for two days. The
obtained solution was used without further purification.
The UV-vis absorption spectra were recorded using UV-Probe 3600
spectrophotometer (Shimadzu) in the range from 200 to 800 nm with 8 nm
resolution. FTIR spectra of the samples were recorded using FTIR
spectrometer Tensor 270 (Bruker) in the range from 4000 to 350 cm -1, with
resolution of 1 cm-1, and by 16 scans. The standard A225/Q Platinum
Attenuated Total Reflectance (ATR) cell equipped with diamond crystal was
used. The CD spectra were studied using J-1500 spectrophotometer (JASCO).
The conditions were as follows: data pitch 1 nm, digital integration time (DIT)
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4 s, scanning speed 20 nm/min, and wavelength range within 300-750 nm
with a bandwidth 3 nm.
All quantum chemical calculations were performed by means of
Amsterdam density functional (ADF) program. The ground-state geometry
optimizations were carried out using density functional theory (DFT) method
with B3LYP hybrid exchange-correlation functional and the standard DZ basis
set. The oscillator and rotatory strengths were calculated within timedependent DFT (TDDFT) with the same functional and basis set. No solvation
models were used in the calculations.
The analysis of experimental conditions, FTIR, absorption and CD data
showed that the formation of chiral surface complexes may be caused by the
coordination of PAN and binding of cysteine ligand to the same Zn atom on the
surface of QD. So the appearance of CD signal primary originates from the
geometric arrangement of PAN and cysteine relatively to QD, that could lead
to a non-planar distortion of PAN ligand and considerable value of CD signal.
Quantum chemical calculations within TDDFT method for model
Dcys(Lcys)-ZnSH-PAN structure with only one Zn atom (imitating Zn surface
atom), connected with SH group (instead of QD) qualitatively reproduced the
experimentally observed results (sign patterns of CD spectra). The
comparison of experimental and calculated data confirmed the proposed
geometric arrangement of constituent parts and the origin of chirality in the
surface complexes.
The results of our study demonstrate that the use of nanocrystals allows
the formation of new chiral metal complexes, which in future could be used as
sensors for stereoselective interaction with chiral biomolecules in living
systems.
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For effective treatment of diseases like cancer it is crucial to have
accurate early stage diagnosis. Bioimaging on cell and molecular level can
provide it and has a big value for understanding of biological and disease
processes. The traditional tool for optical imaging technique are fluorescent
organic dyes or proteins, which in compression to quantum dots appear to be
not so effective. The advantages of quantum dots include the ability to
separate the QDs luminescence from the cellular autofluorescence, long-term
photostability against photobleaching and high brightness 1,2. Among the
quantum dots types stands out alloyed one. Alloyed quantum dots have a core
and shell with gradient structure. Gradually changed potential wall makes
Auger recombination inefficient due to the electron-hole pairs soft
confinement. That provides high quantum yield to alloyed QDs3. To keep
stable properties of nanoparticles colloidal systems it is important to provide
their aggregate stability. Aggregation make probable the Förster resonance
energy transfer between quantum dots which leads to increasing dependence
of luminescence decay time from detection wavelength. For traditional I-type
core/shell QDs this dependence attests to aggregation, but due to the
differences between QDs types structure applicability of this rule to alloyed
quantum dots is questionable.
Aim of this research was to study if increasing dependence of
luminescence decay time from detection wavelength for alloyed QDs means
that they are in the aggregate state.
In this work, we examined the luminescence properties of
CdSe@ZnS/ZnS alloyed quantum dots with additional thick ZnS shell,
synthesized as in paper4. Quantum dots with most defectless structure can be
synthesized by high-temperature colloidal method in organic reaction liquid,
after which they are covered with hydrophobic ligands. In order to be used in
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biomedical applications QDs must be nontoxic and soluble in water. So,
ligands must be changed on biocompatible and soluble in aqueous phase ones.
Initially synthesized QDs were covered with the molecules of oleic acid, which
was exchanged either on l-cysteine or cysteamine.
Luminescence kinetics research by time-resolved microscopy showed
increasing dependence of luminescence decay time from detection
wavelength for QDs both in organic and aqueous solutions. However, the
structure of these QDs makes theoretical FRET efficiency too low (below 1%)
because of a large distance between the cores (over 9 nm).
On the next stage of research examined alloyed QDs were used for
fluorescence coloring of human brain histological samples. Confocal
luminescent microscopy showed that QD’s covered with molecules of lcysteine introduced in biological tissue aggregate, while ones covered with
cysteamine do not. Comparing luminescence kinetics of aggregated QD’s with
ones which did not aggregate in histological samples it may be concluded that
aggregation do not affect on the luminescence kinetics.
In conclusion, the environment has a big impact on photophysical
properties of alloyed QDs and the increasing dependence of luminescence
decay time from detection wavelength may not be considered as the
aggregation feature for alloyed quantum dots.
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Nanoparticles (NP) of high-Z elements are perspective candidates for the
design of antitumor radiosensitizers because of their large cross section. In
addition to metal NP, e.g., gold (ZAu = 79), one of the promising classes of
nanoradiosensitizers are ceramic materials such as the oxides of tantalum
Ta2O5 (ZTa=73), hafnium HfO2 (Zhf=72) and cerium CeO2 (ZCe=58). The
mechanism of radiosensitization is the emission of secondary radiation
(photoelectrons, Compton and Auger electrons) upon absorption of energy of
primary photons. High-Z NP can be applicable in monochromatic irradiation
used in Microbeam Radiation Therapy (MRT), Minibeam Radiation Therapy
(MBRT) and Stereotactic Synchrotron Radiation Therapy (SSRT). We
performed analytical calculations of dose enhancement factors (DEF) for
tantalum, hafnium and cerium oxide NP as a function of energy of primary
photons. The concentration of NP was 75 mg/ml. DEF for fixed photon energy
was estimated as the ratio of mass absorption coefficients of photon energy
upon virtual irradiation with and without NP. The energy of monochromatic
radiation (primary photons) was 1-150 keV, 1 keV increment. Figure 1 shows
maximum DEF values and corresponding energy regions for each NP.
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Figure 1. Dependence of maximal DEF for ceramic NP (75 mg/ml) on the
energy of primary photons.
The results of analytical calculation demonstrated that the use of ceramic
NP in combination with the monochromatic photon beam can significantly
enhance the absorbed dose. NP made of tantalum, hafnium and cerium oxides
intensified the absorbed dose within the entire range of studied energies;
however, the efficacy of individual elements was different. The maximum DEF
value of 10.9 was accomplished for Ta2O5 at 26 keV photon energy. Our
calculations implied that the preferred strategy to achieve maximum
radiosensitization effect would be the use of NP optimal for a specific region of
monochromatic radiation energies, namely, for 1-9 keV: CeO2, 10-24 keV:
HfO2, 25-45 keV: Ta2O5, 46-75 keV: CeO2, 76-150 keV: HfO2. These data set
stage for synthesis and biological evaluation of novel nanomaterials for
antitumor radiotherapy.
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Cationic Polymer Microspheres for Detecting Tickborne Encephalitis Virus
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According to the data of the World Health Organization, one of the most
widely-spread vector-borne diseases is the tick-borne encephalitis (TBE)
virus. A literature review estimates nearly 68 000 clinical cases of the virus
globally each year, with approximately 13 600 to 20 400 deaths. Thus, to
decrease the number of death cases, express diagnostics of the disease at an
early stage has to be provided. Timely and correctable diagnosis provides an
estimate of the real situation and the ability to choose an appropriate system
of health measures.
Nowadays there are different diagnostic methods to detect the TBE
virus such as a real-time polymerase chain reaction, and an enzyme-linked
immunosorbent assay. However, they certainly have the disadvantage of the
need to carry out research quickly after a bite from an insect as well as the
lack of storage stability of diagnostics.
Latex particles being used as the carriers of biologically active
substances (BAS) in the latex agglutination test have significant advantages
such as the cost of experiments, high test specificity and sensitivity as well as
an opportunity to be carried out under almost any conditions compared to the
methods which have been mentioned previously.
In literature, preparing and applying negative charged latex particles in
latex diagnosis is sufficiently described. It is related to plenty of variety of
negative charged functional groups, for example, carboxyl, hydroxyl ones, and
others. However, there are a number of tasks where the application of positive
charged particles are more preferable due to the strong interaction between
BAS and cationic polymer colloids, the acid-swelling behavior of the particle,
and the ability to form oriented bonds with proteins1.
Thereby, we have synthesized cationic latex particles based on methyl
methacrylate and 2-aminoethyl methacrylate hydrochloride by emulsifier-free
emulsion polymerization. Particle diameter ranged from 150 to 410 nm, and
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particle size distribution was less than 0,05 (Fig. 1). Due to high surface
functional groups concentration (surface charge density equals up to 1,3
μmol/m2) the cationic particles were aggregatively stable in a wide pH range
from 2 to 10.

Figure 1. The cationic polymethylmethacrylate particles.
Then the cationic latex particles were applied as the BAS carriers to
detect tick-borne encephalitis virus IgG and IgM. It is shown that the antigencoated latex particles form a well-observable precipitate from 10 minutes
after the reaction has started (Fig. 2). Furthermore, when 131 blood serums
were tested, sensitivity, specificity, and general accuracy were about 90 %.
These results indicate that the cationic particles synthesized are an
appropriate candidate for application as the carriers of biologically active
substances in latex immunoassays.

Figure 2. The latex agglutination test for detecting tick-borne
encephalitis using the cationic particles.
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Metal nanoparticles in biomedical applications
T.A. Vartanyana, D.R. Dadadzhanova,b
aITMO

University, Saint-Petersburg, Russia
University of Negev, Beer-Sheba, Israel

bBen-Gurion

tigran.vartanyan@mail.ru
Nanoparticles have plenty of unique optical, electrical and magnetic
properties. For recent decade, the nanoparticle has been actively used in
different application1. The metallic nanoparticles (NP’s) having plasmonic
resonances are of particular relevance for application in nanobiotechnology
and nanomedicine2. High sensitivity of the plasmon resonance in NPs to their
dielectric surrounding underlies a new generation of label-free biosensors
based on propagation of the surface plasmons-polaritons over the thin gold
and silver films3. In spite of the fact that the first devices appeared on the
market fifteen years ago, a number of possibilities for their improvements and
developments remains. In particular, NP's may be employed in the study of
intracellular processes, for example, endocytosis.
In this work, silver NP’s with diameters from 20 to 30 nm were studied.
Silver NP’s were prepared in distilled water by laser ablation of a metallic
target. The second harmonic of the Nd:YAG laser at the wavelength of 532 nm
was used as a radiation source. The absorption spectra of the obtained
samples were recorded by a spectrophotometer SF-56 (LOMO, Russia).
Figure 1 shows the experimental extinction spectra of the colloidal solutions
of silver NP’s in distilled water and sucrose. The results of numerical
modelling of the absorption cross section by the commercial software Comsol
Multiphysics are presented as well. The data analysis has showed that the
absorption bands of the colloidal solutions of silver NP in water and sucrose
are much broader, than the computed spectra. This broadening of the
absorption spectra is due to the inhomogeneous size and shape distribution of
the obtained silver nanoparticles. Despite the rather large width of the
absorption spectrum, the shift of its maximum due to the change of the
refractive index from 1.33 for water to 1.4 for sucrose that amounts to 3 nm
was clearly visible.
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Figure 1. Experimentally obtained absorption spectra of the colloidal
solutions of silver NPs in water (red line) and sucrose (black line). Computed
absorption cross-sections of silver NP surrounded by a thin shell are shown as
well (  c ,  s , h are dielectric permittivity of NP, shell and medium,
correspondently, rs , rc are the radii of the shell and the core. The insert
shows the magnified view of the experimental absorption spectra.
To check for the possibility of sensing the refractive index changes in the
thin layers numerical calculations were extended to the case of the spherical
particles with a shell. According to the numerical calculation, the maximum
absorption cross section of silver NPs in water is reached at the wavelength of
386 nm, and in a continuous medium with the refractive index of 1.4 at the
wavelength of 395 nm. Hence, the shift that amounts 9 nm can be easily
registered. On the other hand, when the silver nanoparticle is surrounded by a
thin shell of material with the refractive index of 1.4 the shift depends on the
shell thickness. Nevertheless, we found that the shell as thin as ~1 nm still
produces the shift of 3 nm, which may be readily registered experimentally.
As a result, a colloidal solution of silver NPs in water with diameters of
20 to 30 nm, free from stabilizing agents, was obtained. This solution was
stable for a long time (over a month). It was found both experimentally and
theoretically that the spectral position of the plasmon resonance is sensitive
to the refractive index of the surrounding media even when its thickness is
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very small. Thus, the possibility of using silver NP's obtained by laser ablation
in water for monitoring the process of endocytosis was confirmed.
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Spatial localization of quantum dots in the
Paul’s ion trap
R. S. Siryy, I.A. Kosternoi
ITMO University, St. Petersburg
Currently, we have developed an original version of the Paul’s trap with
three electrodes - one ring, which is supplied with AC voltage, and two
terminal (fungal) with a DC voltage. Figure 1 shows a general view of the
installation with a Paul’s trap, which was used for spatial localization of
aggregates of semiconductor quantum dots (Fig. 2). The maximum alternating
voltage applied to the ring electrode is 1.5 kV at a frequency of 60 Hz, the DC
voltage at the end electrodes can vary from zero to 400 V. In addition, the
installation includes a recording system (digital endoscope), a semiconductor
laser for illuminating flour particles and a source ultraviolet radiation for
observing the luminescence of quantum dots.

Figure 1. General view of the experimental setup (top) and detailed view
of Paul's trap (bottom)
Figure 3 presents preliminary results on the spatial localization of
aggregates of semiconductor quantum dots CdSe / ZnS. We used
semiconductor quantum dots in a powder, which made it easy to realize the
trap loading. At the same time, for security reasons, we used a fume hood and
all manipulations with such objects passed directly in it. Since quantum dots
in the powder state tend to form aggregates, it is most likely in the trap after
selection that we observe the dynamics of such aggregates.
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Note that in order to prove that the quantum dots (or their aggregates)
are in the trap, we used ultraviolet radiation with a wavelength of 380 nm. As
can be seen from the figure, both the luminescence of quantum dots in the
region of the trap and on the electrodes is observed (look Fig.5 above), where
partially quantum dots appeared after selection.

Figure 2. Spatial localization of aggregates of semiconductor quantum
dots
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Multiparametric on-chip imaging and real-time
mapping of different biophysical descriptors for
cross-correlation and colocalization analysis in
cellular & ultrastructural translational medicine
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The prototypes of automatic systems for multiparametric mapping of
biochemical and synthetic analytes using different types of nanoparticles have
been designed. We propose to use a lab-on-a-chip with a number of
colocalized nanodispersed converters of various physical parameters to
optical signals, which can be detected using CMOS or CCD arrays.
The above system allows to perform a simultaneous mapping, detection
and visualization of a number of the sample characteristics, such as:
a) magnetic field (using magnetic nanoparticles);
b) electrochemical parameters (using pH-sensitive redox-active
particles);
c) laser beam transmission outside the visible spectral range (using the
nanoparticle-doped solid matrices);
d) distribution of emitting regions in autoradiography (using scintillation
nanoparticles with different quenching factors or nanophosphores);
e) polarization characteristics and the angular polarization
characteristics (including SPR spectroscopy, based on ellipsometry
principles);
f) the local temperature of the sample at different points on a chip (using
immobilized nanostructures with thermal sensitivity).
It is also possible to perform the distribution analysis of any other
sample characteristics derived from the above parameters (e.g. redox
potential from the fluorescence measurements using specific dyes or the heat
capacity from the thermographic data). Thus we propose a novel analytical
method using labs-on-a-chip capable of the complex analysis of various
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analyte parameters, provided by the design of the cassette of different
converters moving relative to the sample.
The possibilities of the above analytical technique have been
significantly expanded in recent years due to the development of the novel
data processing software which allows to study the size distribution of the
quantum dots, to perform the nucleic acid code decoding and to use the labon-a-chip as a spectrometric system with a complicated signal processing
using a number of different methods in addition to the simple Fourier
transform.
I. Monitoring of the biophysical parameters of living cells and tissues
during morphogenesis of the complex structures in a multispectral mode, as
well as at various angles with the polarization analysis controlled by the fiveaxis automatic system;
II. Synchronous in situ studies of the angular characteristics of the
neuron development and their electrophysiological activity;
III. Cyclic code decoding of the nucleic acids including xenonucleic acids
[5] and DNA-cryptography; genetic data qualimetry for synthetic biology, as
well as paleogenetic and molecular phylogenetic data using a chip data;
IV. The studies of colocalization of not only the biochemical agents, but
also of their systems biological (SBGN), physico-chemical (QSPR), biophysical
and pharmacological (QSAR) descriptors, derived from the automatic
computer interpretation of the analytical data (COBAC) from the chip;
V. Compartmentalized redox-mapping, including the study of the
reactive oxygen species localization using lab-on-a-chip. Any positionalsensitive measurements in a lab-on-a-chip can be calibrated by the spectrum
using colorimetric temperature for tuple chemometric analyte
systematization, as well as by the spatial 2D coordinates for morphometric
purposes and colocalization studies using different counting chambers' grids
with the chamber microgrooves serving as a useful analytical microfluidics;
VI. The studies on the reaction-diffusion morphogenesis processes
coupled to the redox reactions in biomimetic heterogeneous media,
accompanied by the oscillatory and autowave behavior of the active medium
localized on the chip, particularly under optical pumping with the appropriate
filter in a mechanically controlled cartridge cassette of the chip;

VII. Real-time monitoring in microbiological studies of special
environments with the telemetric radiofrequency signal transduction, which
substitute the classical Rossi-Cholodny slides, providing a direct in vivo and in

46

The 1st international school-conference
Smart nanosystems for translation medicine
situ monitoring of the microbial community parameters in a telemetric mode
instead of the subsequent analysis after the removal from the natural
environment.
This work is supported by RFBR grant 16-32-00914.

47

The 1st international school-conference
Smart nanosystems for translation medicine

Single-photon counting for luminescence analysis
with micro- and millisecond decay times
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The single-photon counting is the most popular way to detect low
intensity signals in the analysis of various objects. Fluorescence lifetimes are
typically up to tens of nanoseconds, but some materials exhibit longer
lifetimes from microseconds to even milliseconds, particularly for near
infrared region. These materials primarily include inorganic fluorophores
such us quantum dots, upconverting phosphors, porous silicon, perovskite,
singlet oxygen and some other objects, also organic fluorophores such as
cyanines (phthalocyanines, porphyrins, pyrroles), squaraine dyes and borondipyrromethene dyes1. Some of these materials are used in in vivo studies,
biological imaging to its long-lived radiation allows you to take pictures with a
temporal resolution long after excitation2.
The methods of counting for the registration of fast processes are gated
photon counting, multichannel scaling, and time-correlated single photon
counting (TCSPC)3. To measure long times it is necessary to use the
multiscalar or gated modes, which allow to operate in a multiphoton mode as
opposed to TCSPC.
Recently, the direction to create dyes with long-lived luminescence has
been actively developing. When irradiated with UV radiation, organic
compounds have intense luminescence immediately after the excitation pulse
and long-lived delayed luminescence that can be separated from background
by time delay. Usual photomultiplier gets saturated by background, and can’t
separate and registered delayed luminescence. In this case for registration
preferable use single-photon avalanche diodes (SPAD), because the gating
capability allows switched off the module between measurements to provide
protection against accidental overload and to separate intense luminescence
after the excitation pulse from delayed luminescence. Similar problem of
phosphorescence lifetime recording is that the dynamic range between the
fluorescence pulse and the phosphorescence signal is so high that the non
gated detector gets saturated for a longer period of time too4.
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We studied the photon counting registration of microsecond
luminescence decay times in the near-infrared range using a high sensitive
InGaAs/InP single photon avalanche detector. It has a quite high background
counting and long hold off times after photon detection, which limits
performance. We compared different modes and defined optimal parameters
for maximum sensitivity. Also we worked out recommendations for
experiment configurations. If the intensity of the signal is high, necessary
firstly reduce the gate width, it reduces probability of pile up inside the gate. If
signal distortion occurs due to long hold off time necessary reduce the
frequency of the gates. Background noise also has a significant effect on
sensitivity and linearity, therefore background illumination should be
minimized. Gated mode is necessary to exclude short-lived background
fluorescence and scattered light. Using this method, we registered
microsecond luminescence of silicon nanowires and PbS nanocrystals.
Visible range detectors have some differences. Thus, silicon SPADs have
low noise, short hold-off time. At the same time, general photon counting
principles remain the same and used in biological imaging too.
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Photochemically induced optical activity of
semiconductor quantum dots
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Chirality has a crucial role in a number of areas, such as chemistry,
pharmacy, biology, and medicine. Chirality is a fundamental property of the
natural world. “Chiral” refers to those objects that cannot be superimposed on
their mirror image. The distinctive feature of such compounds is that their
spatial isomers (enantiomers) can be classified as dextrorotatory and
levorotatory and they can interact differently with circularly polarised light,
while having the same chemical composition and physical properties. Chiral
nanocrystals have better biocompatibility compared to their achiral analogues
and can be embedded in biosystems using well-known molecular biological
mechanism of molecular recognition 1.
In our laboratory, a concept has been suggested and developed,
according to which any nanocrystal potentially can be chiral due to its low
symmetry, arising from the presence of chiral defects on the surface or in the
volume of nanocrystal 2. Normally, a nanocrystal ensemble does not possess
optical activity. This is due to the presence of approximately equal amounts of
enantiomers with left (L) and right (D)-configuration and also the particles
with no defects, i.e., optically inactive 3.
The aim of our current work is to demonstrate and study the
photoinduced optical activity in an ensemble of CdSe/ZnS nanocrystals.
In this work, a colloidal solution of quantum dots was irradiated with
circularly polarized light with right or left polarization. It was expected that,
due to the intrinsic chirality of the nanocrystals, L and D nanocrystal
enantiomers present in a nanocrystal ensemble would absorb circularly
polarized light with different efficiency and, consequently, undergo some kind
of a photochemical transformation to a different extent. Such enantioselective
photochemical reaction should give a rise to optical activity of the irradiated
sample. The purpose of the present work was a detection and investigation of
the manifestations of photoinduced optical activity in an ensemble of
CdSe/ZnS nanocrystals.
We used CdSe/ZnS quantum dots with a diameter of 2,5 nm, the lowest
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absorption maximum at 540 nm, and the luminescence maximum at 580 nm.
To obtain the samples, solutions of the quantum dots in chloroform of 1.5∙10 -5
М. As prepared quantum dots were solubilized by trioctylphosphine oxide
(TOPO) or oleic acid. In order to transfer quantum dots into hydrophilic
solvents, the initial ligands were substituted with thioglycolic acid via a
standard phase transfer procedure described everywhere 4. We used a green
LED with a wavelength of 520 nm, corresponding to the absorption bandedge of the quantum dots, as a light source. The study of photoinduced optical
activity was carried out using spectroscopy of circular dichroism (CD). CD
spectra were recorded using a JASCO J-1500. Luminescence spectra were
measured using a Carry Eclipse spectrofluorometer.
The samples were exposed to irradiation with circularly polarized light,
and the luminescence, absorption, CD spectra were periodically recorded
during the irradiation. The recorded changes of spectral characteristics were
used to estimate the extent of the induced photochemical reaction. At the
initial stages we observed a photoinduced increase in the quantum yield of
luminescence, which is in good agreement with the literature data 5,
accompanied by a decrease in the absorbance in the region of 520 nm - 600
nm without any significant spectral shift of the nanocrystals absorption band.
CD signal were observed even at low exposures. Importantly, luminescence
intensity increase after a short period of irradiation with circularly polarized
light was accompanied by an amplification of CD. After a more prolonged
irradiation, the changes were observed in the luminescence spectra (blue shift
of ~ 2 nm) as well as in the CD (blue shift of ~ 2-4 nm). The maximum values
of CD signal were observed at relatively low exposure times. The CD signal
sign alternated through the absorption spectrum of the quantum dots, but it
matched to the direction of irradiation light polarization at the absorption
band-edge.
The result of this work is the observation of the enantioselective
photochemical reaction and, as a consequence, the appearance of
photoinduced circular dichroism, which is an evidence of the existence of
intrinsic chirality in semiconductor nanocrystals.
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Antioxidant, antimutagenic and radioprotective
properties of nanostuctures of hydrated C60
fullerene
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Fullerene is the third allotropic form of carbon, with molecules forming a
closed cage structure and consisting of an even number of carbon atoms in the
sp2 hybridized state. From the biological point of view, unmodified С60
fullerene possesses the most attractive characteristics, including non-toxicity,
non-immunogenicity, as well as capability to neutralize and generate reactive
oxygen species (ROS) under various physical impacts1-7. The role of fullerenes
and their derivatives in radiobiology and their radioprotection properties is
poorly investigated. The optimal modes and schedules of fullerene
administration in the animal organism have not been determined, and the
mechanisms of their radioprotective effect remain unclear. This manuscript
reports on antioxidant and radioprotective properties of unmodified hydrated
С60 fullerene (C60HyFn), with molecules forming nano-sized clusters. Fullerene
molecules were shown to reduce the formation of hydroxyl radicals and
hydrogen peroxide in water upon ionizing radiation impact. In irradiated DNA
solutions in vitro fullerene prevents the formation of 8-oxoguanine, which is a
key biomarker of oxidative damage of DNA, also reducing the rate of singleand double-strand DNA breaks in blood cells. In irradiated mice C 60HyFn
lowers the amount of chromosomal breaks in bone marrow
polychromatophilic erythrocytes with formation of micronuclei. C60HyFn
efficiently eliminates short-lived protein radicals arising after irradiation,
providing a more that two-fold decrease of their half-life. The radioprotective
activity of C60HyFn was studied in mice subjected to Xray irradiation at a
lethal dose of 7 Gy by assessment of their survival rate within 30 days after
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irradiation. The highest protective effect (80% survival) was observed upon
intravenous injection of C60HyFn at a dose of 1 mg/kg of body weight 1 h
before irradiation. The dose modification factor (DMF) for C60HyFn was 1.3.
The obtained data assume that the radioprotective properties of fullerene are
determined by their antioxidant, antiradical and DNA-protective qualities.
Thus, it was demonstrated that C60HyFn is a novel antioxidant and
radioprotective agent capable of substantial reduction of the harmful effects of
ionizing radiation.
This work was supported by the Ministry of Education and Science of the
Russian Federation (project No. 14.Z50.31.0022).
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Development of new strategies for the diagnosis and therapy of tumours
so far - one of the most dynamic and actively developing areas of biomedicine.
In the past decades, a considerable progress has been made in studying the
molecular basis of tumour, including receptor-mediated intercellular
signalling, tumour cell remodelling, tumour resistance to oncotherapy due to
e.g. the extreme instability of cancer cell genome. This knowledge base has
allowed a fresh look at the problem of diagnosis and therapy (theranostics) of
tumours, which is based on an integrated approach to therapy of tumours
supplemented by pre-treatment diagnosis and post-treatment monitoring1-4.
This abstract reports on realisation of such combined targeted theranostics
strategy by using upconversion nanoparticle (UCNP) of structure
NaYF4:Yb,Tm as host nano-carriers coupled to two therapeutic agents: betaemitting radionuclide yttrium-90 (90Y) fractionally substituting yttrium in the
host nanocrystal, and a fragment of the exotoxin A from Pseudomonas
aeruginosa genetically fused with a HER2-specific targeting scaffold Designed
Ankyrin Repeat Protein (DARPin). This hybrid biofunctional nanocomplex
demonstrated a biologically significant tumouricidal effect on tumour-bearing
animals, while evaluation of its super-additive (synergetic) effect on target
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cancer cells revealed an unexpected and remarkable result evaluated as
~2200-fold. We believe that these surprising results are worth sharing with
the readership of Biomaterials journal. Although precise mechanism
underpinning the observed synergetic effect warrants further studies, its
theranostic potential is obvious and holds considerable promise for
oncotherapy.
This work was supported by the Ministry of Education and Science of the
Russian Federation (project No. 14.Z50.31.0022).
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Estimation of parameters of nanoliquids during the
process of sedimentation
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Substances in dispersed state are widely used: from the creation of
composite materials to biomedical technologies1. The development of
nanotechnologies requires the development of methods of diagnostics of
parameters of nanoobjects. Development of new methodology is an important
task as it allows to increase the reliability of the results obtained by other
methods2.
Objects of research are aqueous suspensions of fine quartz SiO2. The
researches of milk preparations of different manufactures with different
characteristics were carried out for estimation of possibility of using milk as a
phantom of biological liquid. Along with this we used tested method of
estimation of parameters of inorganic suspensions which was developed on
the basis of two methods.
Method of digital holographic interferometry (DHI) 3 is implemented on
experimental stand that was developed for research of phase changes of
transparent objects. The change of refractive index of suspension Δn by the
height of the liquid column z at the current time ti in comparison with the
initial state (Δn=0) is obtained.
Method of dynamic light scattering (DLS) is implemented on the device
Horiba LB-550: distributions of particles by sizes that are characterized by
half-width ΔD and by the value of the characteristic diameter of the particles
Dх, which is identified at Qmax, were obtained. The measurements were carried
out at the height of the liquid column z=20 mm.
On figure 1 and the results of research of suspensions by two methods
are shown.
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Figure 1. Distribution of particles of suspensions by sizes (a, b) and the
change of refractive index of suspensions by height of the liquid column (с, d)
in the initial state (curve 1) and in the process of sedimentation: 2 hours
(curve 2), 20 hours (curve 3), 20 days (curve 4). Counting of Δn on axis z is led
from the upper boundary of the liquid (z = 0).
During research of aqueous suspensions of fine quartz (SiO2) with
particle sizes of less 400 nm method of DHI allows to detect changes of
parameters with greater precision than method of DLS. The used combination
of methods showed their usefulness for research of parameters of biological
liquids. Used combination methods have shown their usefulness for research
of parameters of biological fluids.
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Multimodal nanosystems based on CdSe/ZnS
Quantum Dots and SPIONs
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Currently,
magnetic-luminescent
complexes
consisting
of
superparamagnetic iron oxide nanoparticles (SPIONs) and quantum dots have
been recognized as a new class of materials that have potential in modern
applications. The presence of wide absorption and narrow luminescence
spectra, high quantum yield of luminescence and high photostability make
QDs much more attractive than known organic dyes for use as biological
markers and also as energy donors in photodynamic therapy. Along with QDs,
today the biological application of the MNPs is well known. Due to their ability
to react to an external magnetic field, these nanoparticles are used for
magnetic separation, cell sorting, immunoassays, and diagnostic imaging.
However, one of the most attractive areas is drug delivery, based on the
concentration of MNPs under the influence of a magnetic field in the affected
area of the body. This technology will minimize the side effects of toxic nonselective distribution of medicinal products throughout the body. Obviously,
the creation of magnetic-luminescent systems, including QDs and MNPs, will
open new opportunities in obtaining the least toxic preparations.
There are many approaches to creating multimodal systems. In this
paper, three methods have been tested in order to identify the most suitable
for obtaining optimal system sizes, quantum yield and minimal cytotoxicity.
The first approach was based on the self-organization of the QDs and
the MNPs, which resulted in the formation of a magnetic core with a shell
consists of QDs. There were used quantum dots CdSe/ZnS and
superparamagnetic Fe3O4 MNPS. Hydrophobic QDs and MNPs were mixed and
transferred to an aqueous solution with using dodecyltrimethylammonium
bromide (DTAB) as a surfactant. The resulting aqueous solution of micelles
was rapidly injected into a solution of poly (vinylpyrrolidone) (PVP) in
ethylene glycol (EG). After a 30 minute stirring, the stabilized particles by PVP
were isolated by centrifugation and redispersed in ethanol1.
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The second approach was based on the interphase transfer of the MNPs
to the aquatic environment. For this process, QDs were coated with cysteine
molecules and redissolved in water. Hydrophobic MNPs were added to the
resulting solution, which were further dragged into the aqueous phase by the
carboxyl group of cysteine, forming complexes with QDs2. The resulting
aqueous solution was centrifuged and passed through a filter to obtain greater
monodispersity.
The third approach was based on the development of complexes in
bipolar aprotic solvents dimethylsulfoxide (DMSO). Hydrophobic QDs were
solubilized with cysteine and redissolved in DMSO, then a solution of MNPs in
DMSO was added portionwise. The formation of the complex occurred due to
the coordination of the QDs by a carboxyl group on the surface of magnetic
particles.
The obtained samples were investigated by spectral-luminescent
analysis and confocal microscopy. The luminescence decay kinetics and
hydrodynamic diameter (by dynamic light scattering (DLS) were estimated. In
all cases, the formation of complexes was accompanied by a decrease of the
luminescence intensity, which is associated with the transfer of energy from
QD to MNPs, and also with a high MNPs absorbance. Analysis of the kinetics of
luminescence decay has shown a decrease in luminescence lifetimes, which
also describe the energy transfer between particles, and, consequently, the
formation of complexes. Depending on the type of synthesis, a different
diameter of the system was observed. According to DLS, complexes obtained
in an aprotic solvent have the smallest diameter of 60 nm, particles obtained
by self-assembly were about 120 nm, and systems with a diameter about 100
nm were obtained in the synthesis with using interfacial transfer. Analysis of
luminescent images showed that all systems have a spherical shape.
Thus, magnetic-luminescent systems with brightly expressed magnetic
and luminescent properties were created in the work. It was shown that,
depending on the method, it is possible to obtain systems of different
diameters.
References:
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Molecular DNA-nanorobots for the influenza virus
therapy
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Regular epidemics of viral infections, combined with periodic
pandemics, continue to take away million lives each year and remain as a
serious problem of public health, despite significant progress in the field of
virus research. Nearly, from three to five million cases of influenza virus
infection per year are recorded only in seasonal epidemics. At the same time,
the number of deaths varies from 250 000 to 500 000 all over the world 1.
Firstly, women, newborns, children under 5 years old, elderly people, as well
as people with chronic diseases, obesity and diabetes are at risk.
Influenza viruses belong to the family RNA site of the viruses
Orthomyxoviridae and fore genus (A, B, C and D) are the pathogens of
vertebrates. A human has the most susceptibility to an influenza A (IAV)
virus2. A number of problems accompany the prevention of infection,
diagnosis and treatment of diseases caused by IAV. The main problem is
related to the increased ability of the virus to change its genetic material
during rather short period. High variability of influenza viruses does not allow
to predict accurately the direction of their evolution in the long term. There
are many strains of viruses appear every year therefore influenza requires a
new approach for its treatment and epidemic downregulation: constant global
monitoring of circulating pathogens, annual renewal of the strain of influenza
vaccines and development of new drugs to eliminate emergent resistance. In
addition, almost all modern drugs used to treat influenza have a number of
side effects3,4,5,6.
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Thus, this problem has a high level of relevance. The main goal for its
solution is the development of a universal antiviral therapy that will equally
affect any strain of the influenza virus, regardless of the mutational changes in
its genome.
DNA nanorobot is being created in this project (a nanodevice for the
inactivation of the influenza virus, NanoDeflu) based on single-stranded DNA
sequences and possessed RNase activity, as far as RNA represents the genetic
material of the influenza virus. NanoDeflu consists of three main parts (Figure
1): (i) "platform", consisting of several fragments of DNA, partially interacting
with each other according to the principle of complementarity; (ii) three
"arms" at the 3' and 5' ends unwind the secondary structure of the target
motif of influenza RNA and hold it reliably and closely to the active center of
NanoDeflu; (iii) a catalytic core represented by two sequences of
deoxyribozymes (deoxyribozyme10-23) that cleave viral RNA at defined sites.

Figure 1. NanoDeflu for inactivation of influenza A virus. RNA
unwinding, RNA cleaving functions are covalently attached to a single DNAtile platform (grey).
Such design allows to stabilize the DNA nanorobot structure, protect it
from the influence of endonucleases and prolongate the molecule existence
inside the cell. In addition, this construction allows to unwind secondary
structure of the viral RNA motif and inactivate the virus by cleavage
simultaneously, and the high selectivity will be achieved with high
complementarily binding sites of NanoDeflu to target RNA part. Such sites are
synthesized on the assumption of viral RNA motif sequence. Therefore, DNAnanorobots can be quickly adapted against novel strains of IAV after
determining new mutations by sequencing. This property makes our
approach particularly suitable for treatment of highly variable influenza virus.
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In conclusion, it should be notice that NanoDeflu packaging approach
for its deliver to cells and tissues in a living system will be develops based on
the results of DNA-nanorobot in vitro testing on separated viral RNA motifs.
The obtained data will serve to further optimize the DNA-nanorobot
construction, and will be use to plan experiments on animals.
The proposed approach is based on our original developments in the
field of highly selective recognition of nucleic acids7,8,9.
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Cancer is a major challenge for humanity. Novel approaches for
diagnosis and treatment using molecular engineering tools are under way. We
propose a new general strategy for cancer therapy that relies on
deoxyribozyme nanomachine-based cleavage of a housekeeping gene mRNA
selectively in cancer but not in non-malignant cells.
As a preliminary effort of the use of deoxyribozyme-nanomachine we
studied the cytotoxicity for HeLa cells of the synthetic deoxyribozyme cleaving
DAD1 (defender against apoptotic cell death) (DZ_DAD1) mRNA and the same
deoxyribozyme with single nucleotide mismatch (DZ_DAD1_mm) with a
supposedly reduced cleavage/inactivation activity. These constructs were
transfected into HeLa cells followed by viability testing. To compare the
efficacy of Lipofectamine 2000 (Invitrogen) and original cationic liposomes
(provided by E. Shmendel and M. Maslov; Lomonosov Moscow Technical
University MITHT), cells were transfected with a fluorophore-conjugated
DZ_DAD1 in 24-well plates. After 4 h of incubation the medium was replaced
with a fresh one and cells were further incubated for 48 h. Liposomes gave a
dose dependent increase of the amount of transfected cells; 6 µL/well was
optimal (transfection efficiency 44%) whereas Lipofectamine 2000 was less
effective (18% transfected cells) (Figure 1). Nevertheless, transfection with
0.1 µM or 1 µM DZ_DAD1 using Lipofectamine 2000 in 96-well plates resulted
in a significant cell death after 72 h: 45% and 21% viable cells, respectively,
compared to 74% in wells with Lipofectamine 2000 alone (no DZ_DAD1). At
the same time, the DZ_DAD1_mm at equal concentrations resulted in 68% and
64% viable cells, respectively.
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Figure 1. Transfection efficiency with FAM labeled DZ_DAD1 using
control, Lipofectamine 2000 a) Liposomes 1 µL/well b) Liposomes 2 µL/well
c) Liposomes 4 µL/well d) Liposomes 6 µL/well.
These results demonstrate that deoxyribozymes can be delivered to
tumor cells for triggering their massive death. Also, we showed that even
single nucleotide mismatch results in a decreased cleavage potency of
deoxyribozyme.

65

The 1st international school-conference
Smart nanosystems for translation medicine

Colloidal Ag2S quantum dots and their associates
with thiazine dyes for luminescence diagnostics and
photodynamic therapy
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Colloidal Ag2S quantum dots (QDs) are interesting material for
biomedical applications. It is possible due to their luminescence in the region
of 600-1200 nm corresponds to the transparency window of biological
tissues1. Molecules of thiazine dyes methylene blue (MB +) and thionine (TH+)
are effective photosensitizers of singlet oxygen. Hybrid association of Ag2S
QDs with molecules of thiazine dyes opens possibilities to control the
quantum yield of QDs luminescence2, and also to photosensitize singlet
oxygen (1O2). This is interesting for photodynamic therapy in combination
with high-contrast fluorescent labeling3.
In this work, colloidal Ag2S QDs stabilized by thioglycolic acid (TGA)
and their associates with MB+ and TH+ are investigated.

Figure 1. Optical absorbance (a) and luminescence (b) spectra of Ag2S
QDs in TGA with average size: 1.8 nm - 1, 2.2 nm - 2, 2.7 nm - 3 and 3.0 nm -4.
Synthesized Ag2S QDs in TGA have an average size of 1.8-3.0 nm. The
size effect is observed in UV-Vis absorption spectra (fig1, a). The luminescence
peaks was located in the region 400-1200 nm and its position depends on QDs
size (fig. 1b).
A slight shift of peak of the order 4-5 nm is observed in UV-Vis
absorption spectra of MB+ and TH+ molecules during formation of mixtures

66

The 1st international school-conference
Smart nanosystems for translation medicine
with Ag2S QDs. This indicates a weak interaction between dye molecules and
Ag2S QDs, realized probably by dipole-dipole mechanism with involving of
dimethylamino groups of MB+ (amino groups of TH+) and incomplete bonds of
QDs and stabilizer molecules (fig. 2a).

Figure 2. UV-Vis absorption (a) and luminescence (b) spectra of MB+
and TH+ in ethanol and their mixtures with colloidal Ag2S QDs in TGA.
The association leads to a redistribution of the luminescence intensity
of QDs and thiazine dyes molecules in TGA (Fig. 2b), and its manifestations are
different for MB+ and TH+ molecules. So for associates of Ag2S QDs and TH+,
sensitization of QDs luminescence is observed, whereas in the case of
mixtures of Ag2S QDs and MB+ in TGA, on the contrary, we observe quenching
of QDs luminescence upon excitation in the MB+ absorption band.
Active photosensitization of singlet oxygen in ethanol solutions of
thiazine dyes is established (Fig. 2b). For the associates of Ag2S QDs and MB+
in TGA (Fig. 2b), the maximum of the phosphorescence of singlet oxygen at
1270 nm is observed, which is not characteristic for the luminescence
spectrum of pure Ag2S QDs in TGA. In the case of mixtures of Ag2S QDs and
TH+ in TGA, the phosphorescence of singlet oxygen was not observed.
The work is supported by RFBR (project №16-32-00503 mol_a).
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The immersion liquids in nanoporous silicate
matrices
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Nanoporous systems find application in research activity and attract a
lot of attention from the scientific society. This interest is associated with the
properties and possibilities of such systems. One of these systems is
nanoporous silicate matrix that allows to produce unique researches of the
processes that occur in nanoscale confined areas1. The main usage is
connected with the transparency of such matrices in the visible region of the
spectrum and the possibility of producing samples of optical quality2.
Optical quality of the samples of nanoporous silicate matrices due to
the pore size and uniformity of their distribution over the sample volume. The
increase of pore size and the presence of inhomogeneities lead to the
deterioration of optical quality. Optical properties increase during
introduction into the free pore volume of immersion with a refractive index
close to the refractive index of the quartz frame.
One of the perspective applications of nanoporous silicate matrices is
their usage for estimation of properties of liquids in nano-dispersed condition.
This condition is provided by the introduction of the researched liquid into
the free volume of the pores. Therefore, there is a principal possibility to
determine such parameters as refractive index, density, viscosity and etc.
The aim of this work was the development and approbation of methods
of introduction of immersion liquids into nanoporous silicate matrices
considering features of the silicate matrices and the researched liquids. In the
experiments we used nanoporous silicate matrices that are made of
sodiumborosilicate two-phase glass using developed technology. We used
matrices in the form of polished disks and plane-parallel plates with a
thickness of 1 mm. As the researched liquid we used distilled water because it
is the basis of any biological liquid.
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Two ways of introduction of immersion liquids into the nanoporous
silicate matrices are discussed and estimation of the results of their usage is
given in the paper.
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Hybrid nanostructures based on graphene and
semiconductor nanoplatelets for biomedical
sensors
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Among all the variety of semiconductor nanostructures, twodimensional nanostructures such as semiconductor quantum nanoplatelets
(NP) are distinguished. NP has a number of unique properties: narrow
emission bands, small Stokes shift and ultrafast recombination of charge
carriers. The optical properties of the NP, as in the case of other quantum
semiconductor nanostructures, are determined by their size, or rather their
thickness1. Due to their properties, NP can be successfully used in medicine
and in photovoltaic devices, for example in biosensors. But because of low
mobility of charge carriers, it is difficult to use NP in electronic devices. To
solve this problem, graphene can be used. Graphene - allotropic modification
of carbon with a two-dimensional hexagonal lattice. The solution lies in the
fact that in hybrid structures the low absorbing power of quantum NPs is
compensated by graphene, whereas graphene is an excellent conductor whose
high mobility of charge carriers is a key parameter for creating high-speed
photodetectors based on this material2.
The principle of operation of sensors, based on hybrid structures
NP/Graphene, is to change its photoconductivity in the presence of analyte.
Adsorption of the analyte molecules on the surface of NP in the Graphene/NP
hybrid structure is accompanied by the appearance of a new relaxation
channel for the NPs excitonic excitation. This channel can effectively compete
not only with the radiative recombination of the exciton in nanocrystals, but
also with the transfer channel of a charge carriers from an NP to a graphene.
This leads to a decrease in the charge carrier transfer channel efficiency from
NP to graphene, and as a result, to a decrease in the conductivity of the hybrid
structure NP/Graphene3.
In this work, 2 types of colloidal CdSe NP synthesized by hightemperature organometallic synthesis with an average length of 20 nm and
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300 nm and thickness of 1,9 nm were used4. Graphene nanobelts were also
used to create hybrid structures. NP/Graphene hybrid structures were formed
by the method of layer-by-layer deposition of structural components by the
Langmuir-Blodget method5 on the dielectric substrate.
To study the physical mechanisms of photoinduced changes in the
conductivity of hybrid structures, the photoresponse and volt-ampere
characteristics were recorded with a Keithley 6487 picoammeter. A UV-Probe
3600 spectrophotometer and the Cary Eclipse spectrophotometer were used
to characterize the optical properties of the NP. The decay times of
luminescence were recorded on a fluorescent microscope MicroTime 100. The
morphology of the hybrid structures was investigated by using a confocal
microscope LSM-710 (Zeiss).
The photoconductivity of these hybrid structures was studied in the
presence of ammonia molecules on NP surface. In this paper it was shown that
hybrid structures based on NP and graphene have a photoresponse. And also
shown photoresponse dependence on the quantum yield of the luminescence
of semiconductor NP. It was found that hybrid nanostructures with larger NP
react more actively in the presence of ammonia molecules. In the future all
this allows to develop sensors and other devices with photoelectric
properties, dependent on external radiation.
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