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TM in Environmental monitoring of socially significant diseases
(sieve separation mechanism)

Type of Control Application The recommended size of
pores, nm
The microbiological analysis of The total bacteria in water 02
water
Calculation total Coli-form bacteria 045
Calculation excrement Coli-bacteria 07
Extraction of phytoplankton for the 1-3
analysis
The total extraction of particles for the 5
analysis
Extraction of thin deposits for the analysis | 0.45
Parasitologic analysis 1-5
Quality surveillance of foodstuff | Calculation of bacteria 02
Calculation total Coli-form bacteria 0.45
Definition total Coli-form in milk 0.65
Allocation of yeast and mold fungi for 0.65
calculation of colonies
Allocation of yeast and mold fungi for the | 0.8
microscopic analysis
Cytologic researches and Allocation of human cells for the level-by- | 1-5
chemotaxis level cytologic analysis
Chambers for chemotaxis 312

Since 1987 till nowadays Russian ministry of health using |

track-etched membrane (TM) as a standard membrane
for protozoa and bacteria identification in water. Efforts
for TM environmental applications were initiated by G.N.

Flerov in 1981.




Current approaches for specific diagnostics of socially
significant diseases

Determination of the genetic component of the disease

Inside the Cell

Examples: Cancer typing (sequencing), Prognosis of cancer (sequencing),
Virus identification (PCR), Bacterium identification (PCR), Antibiotic
resistance (PCR)

DNA or RNA

Reading of nucleotide sequences
sequencing — ng ot nu ! au

of DNA)

. i Detection of the concrete fragment of
Polymerase chain nucleic acid
reaction
Determination of the DIOMar«er of the disease Examples:

PR i i i E i Cancer detection (ELISA)
S |:> —> G Immune system status (ELISA)
Au/Biotin-BSA Au/Biotin-BSA /Streptavidin AU/BI‘:;:\iSc;g?Jr(:T:MW Capture CardIaC dISOrderS (ELISA)
Allergen determination (ELISA)
Hr — f& Detection

Naked eye detection

Virus identification (LFIA)
Pregnancy detection (LFIA)

&
@
3 A etc.
< Au/Biotin-BSA/Streptavidin
‘Wavelength (nm) /Biotin-Ab/Target protein /
UV-Visible spectrophotometer HRP- Detection Ab

Antibody-based test systems _
LFIA (test-strips)



Relevance of the Project:
Modern requirements and trends in specific diagnostics of socially
significant diseases

is necessary to increase the quantity of analyses per
person including screening studies. Price reduction includes usage of
cheap reagents and equipment

- The decrease of can be achieved by development of
concentrating techniques from biological fluids and replacement of
antibodies an enzymes

Problem resolve : BIOSENSORS based on bacteria and viruses
molecular recognition and spectral detection

Allows you to quickly identify viruses (virus detection using

the laboratory-on-a-chip technique

» Low cost of analysis

« Portable engineered biophysical analyzers

* Reduction of sample volume and reagent volume

» The possibility of real-time intramolecular observations and digital signal
transmission

* High sensitivity of the method (the threshold for the detection of viruses in an

aqueous sample using the laboratory-on-a-chip method)



Concept:

The concept assumes a synergistic effect from combining modern approaches in the field of composite track
membranes with advances in molecular biology, spectral analysis methods and sensor technology for virus
detection

Membrane science + molecular biology + virology + sensors and photonics

The project includes three main directions :
Development of composite SERS active track etched membrane functionalized with aptamers
Development and syntheses of highly selective aptamers for anti-bodies replacement and viruses
recognition
Development of sensor prototype based on track etched membrane modified by aptamers for viruses
detection and monitoring

Upon completion of the projects in 2029, new project will be formulated to continue the project for wild
spectrum of viruses and cancer cells

Potential application

- Generally, the research will be oriented towards materials science,-nanotechnological applications, life
sciences, environmental research

- Rapid and efficient diagnostic and monitoring of particularly dangerous and socially significant diseases



The aim of the project

- to develop rapid and high selective sensor prototype
based on the track-etched membranes (TMs) for motoring
of African swine fever viruses (ASFV)

- to apply ASFV-sensor for viruses monitoring and in
agriculture sector in Eurasian Economic Union.

Biomedical
Nanocomposite and applications sensors
functional track- based on track-

etched membranes etched membranes
using molecular for diagnostic and
recognition monitoring of most
dangerous diseases




Motivations:

1 Demand for membrane-based systems for specific detection of

biomarkers and pathogens

 Development of multifunctional solutions with concentration, specific

determination and quantification in a one-step manner

U The necessity of the development of nanofluidic sensors for virus

detection, especially for of African swine fever virus (ASFV)

4 Implementation of rapid and efficient sanitary and biological analysis of

socially significant diseases for JINR member countries



1. Primary aptamers

Suggested technical approach -%SH a‘?s‘H '%
|
 Selection of new DNA aptamers to surface ‘%’
proteins of African swine fever virus (ASFV) ‘
» Creation of sensor substrate with self-

2. Virus capture

assembled of Au and Ag nanoparticle surface
using physical vapor deposition

* Functionalization of tracked-etched
membranes with the thiolated aptamers to
ASFV

* Quantification of the viruses using SERS

3. Raman dye-labeled
secondary aptamers

TM is a unigue membrane based
substrate for SERS (provides stable
reproducible signal)!




Expected results:

1) Experimental results on properties and feasibility of fabrication of components for future
viruses sensors :

d

4
Q
a

d

d

TMs functionalized by silver nanoparticles and biocompatible nanoconjugates as bacteriocidic
and virucidal materials

Selection and characterization of aptamers with the highest affinity to ASFV
Evaluation of genotoxic properties of the aptamers in vitro using comet assay

Antiviral properties of aptamers, including high target specificity and affinity for their target
molecules, allowing them to effectively interfere with viral replication or infectivity

Nanocomposite TMs with SERS-active Ag nanoparticle arrays with immobilized aptamers for
rapid and sensitive detection of viruses

Development of protocol for rapid and effective ASFV analysis using SERS active TM

2) Design and assembly of viruses sensors.

Q
a

Development and design of TMs based test strips for the virus specific determination

Development of test strips with immobilized DNA aptamers for the specific determination of
ASFV, influenza A, SARS-CoV-2



Methods and instruments for TM:

FLNR Center of applied physics
Irradiation of polymers with heavy ion beams (energy 1-4 MeV/u, dE/dx of 3-25 keV/nm)

Facilities for pilot production of novel modifications of track membranes
Facilities for the production of nanoparticles and nanofibers

Structure investigations using transmission and scanning electron microscopy
Optical (UV-Vis, IR Fourier spectroscopy, Raman,...)

PVD of Ag and Au thin film deposition

cooo0 O

Methods and instruments for aptamers and ASFV:

Institute of Molecular Biology of NAS RA (IMB) and Department of Genetics and Cytology of Yerevan State University (Armenia)
QO Laminar benches, gPCR, ELISA, centrifuges, freezers, and other equipment

Department of Genetics and Cytology of Yerevan State University (Armenia)

0 Comet assay will be carried out, which has fluorescent microscopes, MetaSystems, and Comet Assay |V systems for
evaluation of DNA comets. Statistical analysis of DNA damage will be performed using SPSS19 and Statgraphics Centurion16
packages

Chemistry department of Lomonosov Moscow State University (Russia)
QO Elveflow microfluidic device with Bambi compressor, analysis of affinity (Blitz interferometer with aminoreactive and
streptavidin sensors, MOS-200 stopped-flow fluorimeter equipped with uSFM cuvette), aptamer folding estimation (MOS-500
circular dichroism spectrometer, Hitachi UV spectrometer)
O Equipment for affine chromatography
10



Partners

RUSSIA

0 Lomonosov Moscow State University (Moscow)

O Burnasyan Federal Medical Biophysical Center of FMBA (Moscow)
O Enikolopov Institute of Synthetic Polymer Materials (Moscow)

O Institute of Solid-State Physics RAS (Chernogolovka)

d Ivanovo State University of Chemical Technology (Ilvanovo)

O Mechnikov Research Institute of Vaccines and Sera (Moscow)

0 Moscow Institute of Physics and Technology (Dolgoprudnyi)

O Pirogov Russian National Research Medical University (Moscow)

ARMENIA

O Yerevan State University (Yerevan)
O Institute of Molecular Biology of NAN (Yerevan)

O Nalbandyan Institute of Chemical Physics (Yerevan)



Russia Team background
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Kukushkin, V., Ambartsumyan, O., Subekin, A., Astrakhantseva, A., Gushchin, V., Nikonova, A., Dorofeeva, A., Zvereyv, V., Keshek, A.,
Meshcheryakova, N., Zaborova, O., Gambaryan, A., and Zavyalova, E. Multiplex lithographic SERS aptasensor for detection of several
respiratory viruses in one pot. International Journal of Molecular Sciences 24, 9 (2023), 8081. (Q1, IF=5.6) DOI: 10.3390/ijms24098081

Kukushkin, V. I., Kristavchuk, O. V., Zhdanov, G. A., Keshek, A. K., Gambaryan, A. S., Andreey, Y. V., Nechaev, A. N., and Zavyalova, E.
G. Aptasensors based on track-etched membranes coated with a nanostructured silver layer for influenza A and B virus detection.
Bulletin of the Russian Academy of Sciences: Physics 87, 2 (2023), 172-177. (Q3, IF=0.54). DOI: 10.3103/s1062873822700873
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D., Sovetnikov, T., Akhmetova, A., Yaminsky, |., and Zavyalova, E. Lithographic SERS aptasensor for ultrasensitive detection of SARS-
CoV-2 in biological fluids. Nanomaterials 12, 21 (2022), 3854. (Q1, IF=5.719) DOI: 10.3390/nan012213854
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l., Aralov, A., Kukushkin, V., and Zavyalova, E. A combination of membrane filtration and Raman-active DNA ligand greatly enhances
sensitivity of SERS-based aptasensors for influenza A virus. Frontiers in Chemistry 10 (2022), 937180. (Q1, IF=5.545) DOI:
10.3389/fchem.2022.937180
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Popova, L., Verdiev, B., Alatyrev, A., Burtseva, E., Ignatieva, A., lliukhina, A., Dolzhikova, I., Arutyunyan, A., Gambaryan, A., and
Kukushkin, V. SERS-based aptasensor for rapid quantitative detection of SARS-CoV-2. Nanomaterials 11, 6 (2021), 1394. (Q1, IF=
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influenza virus with SERS aptasensor. PLoS ONE, 14(4):e0216247—-e0216247, 2019. (Q1, IF=2.74) DOI: 10.1371/journal.pone.0216247
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Armenia Team background
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Arabyan E, Hakobyan A, Kotsinyan A, et al. Genistein inhibits African swine fever virus replication in vitro by disrupting viral DNA synthesis. Antiviral

Res. 2018;156:128-137. doi:10.1016/j.antiviral.2018.06.014

Hovhannisyan G, Harutyunyan T, Aroutiounian R, Liehr T. The Diagnostic, Prognostic, and Therapeutic Potential of Cell-Free DNA with a Special Focus

on COVID-19 and Other Viral Infections. Int J Mol Sci. 2023;24(18):14163. doi: 10.3390/ijms241814163.

Harutyunyan T, Sargsyan A, Stepanyan N, Hovhannisyan G, Aroutiounian R. Evaluation of genotoxic effects in COVID-19 patients as a potential

marker of virus-host adaptation. JINR Proceedings. 2023; 2, 8-10.

Jackman JA, Hakobyan A, Grigoryan R, Izmailyan R, Elrod CC, Zakaryan H. Antiviral screening of natural, anti-inflammatory compound library against

African swine fever virus.Virol J. 2024 Apr 25;21(1):95.
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Pathogens. 2023 Sep25;12(10):1193.
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infection in vitro. Virus Res. 2022 Aug;317:198826.
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Screening Reveals Kaempferol as a Potential Antiviral Agent Against African Swine Fever Virus. Front nMicrobiol. 2021 Oct 21;12:736780.
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Milestones

2025

. Selection of aptamers with highest affinity to ASFV
. Evaluation of genotoxic properties of selected aptamers in vitro using comet assay
. Track etched membrane gold and silver thin layers modification using magnetron sputtering

2026

. Evaluation of antiviral properties of non-genotoxic aptamers against ASFV in vitro before and after infection using comet assay
. Selection of aptamers with virucidal effects for further development of TMs with immobilized aptamers
. Modification of gold and silver nanolayers by ASFV specific aptamers

2027

. Evaluation of antiviral properties of TMs with immobilized aptamers against ASFV
. Evaluation of Raman spectroscopy properties of TMs with immobilized aptamers against ASFV

. Comparative evaluation of tested aptamers antiviral properties against ASFV based on the analysis of DNA damage in cells
incubated with aptamers using comet assay

« 2028

10. Development of protocol for ASFV analyses using SERS-active TM
11. Development of prototype of ASFV Raman-analyses

- 2029

12. Application of selected TMs with immobilized aptamers with optimal virucidal capabilities attached to TMs. Estimation of their
effectivity based on the analysis of DNA damage in medium before and after filtering the viruses using comet assay
13. Development of Real-time ASFV monitoring protocol

"TO0O N OO0k & WON—~ o
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Requested financing of the project (2025 — 2029)

Expenditure per year
(thousands of the US dollars)

Ne Items of expenditure Cost 1st ond 3rd 4th 5th
year year year year year
1. International cooperation 25 5 5 5 5 5
2. Materials 75 15 15 15 15 15
3 Equipment, Third-party i ) i i i i
company services
4. Commissioning - - - - - -

5 R&D contracts YVIth other 150 30 30 30 30 30
research organizations

Recourses:
6. The amount of FTE 12 12 12 12 12 12
7. Accelerator 12.5 12.5 12.5 12.5 12.5 12.5
Total: 250 50 50 50 50 50

Manpower needs in the first year of implementation of the project

JINR Associated

JINR staff,
Ne Category of personnel amount of FTE Personnel,
amount of FTE

1. research scientists 9 0
2. engineers 3 0
3. specialists - 0
4. office workers - 0
5. technicians - 0

Total: 12 0



Thank you for your attention!



3aBbsAnoBa EneHa leHHaagueBHa
(poa. 27 ceHTabpa 1987, loHeuK)

0.X.H., AOUEHT XMMU4YeCcKoro paKkynbTeTa
MTY nm. M.B. JlomoHOCOBa

Yncno ctaten 8 Web of Science n Scopus — 60
Yucno ccbinok - 800
NHpekc Xupwa 16 (Scopus)

Yucno nateHToB — 9

OnbIT coBMecTHOM paboTbl: npoeKT PHO

1) «Co3aaHne oNnTUYECKUX CEHCOPOB Ha OCHOBE

OHK-anTamepoB gna AeTeKTUpPoBaHMA BMONOrMYecKnx 06 bLEKTOBY

2) «3Kcnpecc-onpeaeneHme aHTUBMOTUKOPE3UCTEHTHOCTU BaKkTepuin B BUONOrMYecKmnx
obpasuax C NOMOLLBbIO CNEKTPOCKOMMUU TMIAHTCKOrO KOMBMHALMOHHOIO pacceaHma»
2020 — Npemua no nporpamme passmtma MMy

2022 - Npemusa Mpasutenbctsa MOCKBbI MOA0OABIM Y4E€HBIM, B HOMUHauun "bnonorma®
— «3a pa3paboTky buoceHCOpOB A4N1a onpeaeneHna pecnmpaTopHbIX BUPYCOB»

C 2021 r. no H.B. —paboTaeT no Jorosopam-noapaga c LLN® AP
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