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GENERAL CHARACTERIZATION OF WORK

Actuality of the research topic. Hybridization of nucleic acid probes to RNA is
used in diagnosis and therapy. This approach leverages the intrinsic properties of nucleic
acids to recognize and bind to specific sequences, enabling the development of targeted
therapeutic and specific and sensitive diagnostic tools. This work applies the approaches
of DNA nanotechnology in the design of a new generation of hybridization probes for
applications in the two key areas: treating and diagnosing human diseases.

DNA hybridization probes have emerged as powerful tools for both diagnostics and
therapy, leveraging their ability to selectively bind to specific nucleic acid sequences
(Kolpashchikov, 2019). These probes offer high specificity and can be designed to
recognize genetic disease markers, making them invaluable in analysis and therapy of
human diseases (Gerasimova and Kolpashchikov, 2010). It was demonstrated earlier that
using multiple hybridization probes (elements) can improve selectivity, sensitivity and
multiplexing capability of hybridization-based approaches (Gerasimova et al., 2010).
These functional elements can be combined in a single nanostructure called ‘DNA
Constructs’, with improved cooperativity in recognition of DNA and RNA (Nedorezova
et al., 2019). It was hypothesized that hybridization probes and DNA Constructs are
evolving in DNA nanorobots, possessing the following four functions: (i) sensing for
recognition of disease markers, (ii) computation for analysis multiple markers, (iii)
actuation that can accomplish therapeutic treatment, and (iv) auto delivery (Wang et al.,
2022). This study is devoted to advancing sensing and computation functions of the DNA
nanorobot.

The study takes advantage of the earlier developed hybridization sensor based on
RNA-cleaving DNAzyme (Dz). The sensor, named ‘binary Dz’ or biDz can bind specific
nucleic sequences followed by activation of RNA cleaving function, which can be
translated in a fluorescent signal for sensing. The biDz sensor can be equipped with
multiple recognition sites for binding several different nucleic acid analytes. The analyte
is a disease marker that will activate the DNA construct once it is detected. In this work,
DNA Constructs based on biDz was adopted to (i) differentiation low from high



4

concentrations of cancer marker RNA sequences; (ii) recognition of multiple biomarker
sequences; (iii) detecting low concentrations of viral RNA in amplification free format.

Degree of development of the research topic. Research in the development of
DNA nanorobots with integrated sensing and computational modules aimed at disease
diagnostics and therapy is currently in an active stage of advancement. In recent years,
significant attention has been directed toward the creation of DNA structures capable of
performing complex logical operations at the molecular level, opening new horizons for
the application of DNA nanotechnology in biomedicine. Research in DNA
nanotechnology is also focused on the development of oligonucleotides that, once they
bind to the target, trigger RNA cleavage, such as antisense oligonucleotides (ASOs)
(Bartolucci et al., 2022) or RNA-cleaving DNAzymes (Chaput et al., 2023). However,
techniques that lack input activation-based control and target selection, since they mainly
target oncogenes and do not kill the cancer cell directly, still face the problem of being
activated in healthy cells, which can lead to deadly side effects.

DNA nanomachines capable of simultaneously performing multiple tasks,
including detection and RNA cleavage, such as those developed by (Drozd et al., 2020;
Nedorezova et al., 2019), address the activation control problem and suggest targeting
housekeeping genes to cause toxicity in unhealthy cells. However, the detection of
biomarkers, especially folded RNA molecules, can be a significant challenge. Moreover,
detecting one input may be useful in the case of viral diseases, but in other complex
diseases, such as cancer, multiple markers are needed to determine whether a cell is
healthy. Thus, a critical task is the development and optimization of algorithms for signal
recognition and processing.

DNA logic gates proposed by Khanum et al. (2020), including YES, 21 AND, and
31 AND gates based on DNAzymes, lack the ability to connect the logic gate elements
within one structure, which remains an obstacle in developing a DNA processor to
analyze the algorithms. Furthermore, there is a need to design DNA logic gates that
activate or inhibit based on cancer-related markers.

Despite significant progress in this area, questions remain regarding the integration

of various modules into a single system, the sensitivity of constructs, and the
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minimization of side effects associated with their use in the body. Active research is also
ongoing on the development of new mechanisms for the regulation and activation of DNA
nanorobots, including the use of antisense and DNAzyme strategies and new types of
logic elements.

Aims and Objectives:

The aim of this dissertation is to develop multicomponent DNA constructs and
investigate their sensitivity threshold for analyte detection with the purpose of applying
them in the diagnosis of human diseases, as well as to evaluate the ability of these
constructs to induce biomarker-dependent cleavage of RNA targets in a therapeutic
context. To achieve these aims, the following tasks were pursued:

1. Develop DNA constructs based on binary DNAzymes (biDz) and antisense
oligonucleotides (ASO) to achieve in vitro cleavage of RNA targets in the presence of
low and high concentrations of oncogenic microRNAs.

2. Develop DNA constructs based on biDz, operating on the principle of logic gates
and incorporating a universal DNA scaffold that unites all functional components of the
DNA constructs into a single complex, to achieve inhibition or activation of substrate
cleavage in the presence of various combinations of oncogenic or tumor-suppressive
microRNA:s.

3. Develop DNA constructs based on biDz to achieve a reduction in the limit of
detection (LOD) of analytes by adding to the DNA constructs: a) additional analyte-
binding sites; b) a fluorogenic substrate delivery function; c) an increased number of
catalytic centers.

Scientific novelty and practical significance of the work. For the first time,
cleavage of specific RNA target was achieved in the presence of low and high
concentrations of as miR-17 and miR-92. The threshold concentration that triggers
construct activating can be fine-tuned by changing the number of recognition modules in
DNA Constructs. For the first time, DNA logic gates with YES, 2AND, 3AND,
2iINHIBIT, and 3iINHIBIT Boolean logic functions were integrated to a single DNA
scaffold. These gates enabled RNA cleavage through different combinations of miR-15,

miR-17, and miR-21, with specific signal-to-background ratios. For the 1% time it was
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demonstrated that addition of RNA binding arms, Substrate delivery and additional
substrate cleaving functions to DNA Construct significantly reduces LOD of RNA
extracted from infected cells.

Value of the scientific work. The results advance the field of DNA
nanotechnology toward application in diagnosis and treatment of human diseases. The
developed DNA -constructs recognize concentrations and patterns of nucleic acid
analytes autonomously without involvement of a human operator, which create a basis
for development of DNA nanorobot by analysis for distinguishing healthy from non-
healthy cells. The PCR-free detection of low RNA concentration creates a bases for the
development of highly sensitive sensing modules of DNA nanorobots and could be used
in PCR-free diagnostics of human infectious diseases.

Object and subject of the study. The object of the study is multicomponent
hybridization probes - DNA Constructs. The subject of the study is the DNA Constructs’
sensitivity for RNA analyte detection and target RNA cleavage activity in the presence
of high concentrations or specific combinations of cancer markers.

Research methodology and methods. The chosen RNA targets included
fragments of GFP RNA (RNA-60) and DAD-1 RNA (RNA-46), for the convent
monitoring of gene suppression in further cell culture experiments, and viral RNA SARS-
CoV-2, due to its significant global health threat posed by high mutation rates of RNA
viruses. Specific miRNAs, such as miR-15-5p, miR-17-5p, miR-21-5p, miR-7d-let, miR-
92a-1 (miR-15, miR-17, miR-21, miR-7, miR-92), were selected as cancer markers
because of their elevated expression levels in various cancers, providing a relevant and
challenging target for DNA-based probes. The main research methods included
polyacrylamide gel electrophoresis (PAGE) and fluorescence-based quantitative analysis
of RNA cleavage products and statistical analysis of the results.

Provisions for defense:

1. In vitro RNA cleavage can be achieved only at high but not low
concentrations of cancer markers by adding more marker binding sites to the biDz-based
DNA Constructs.
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2. In vitro RNA cleavage can be achieved only at high but not low
concentrations of cancer markers by adding more marker binding sites to the ASO-based
DNA Constructs.

3. Logic gate DNA Constructs containing all functional elements as part of a
single DNA association can cleave target RNA only in the presence of a selected set of
microRNA cancer markers that corresponds to behaviour of AND and INHIBIT Boolean
logic operations.

4, Addition of RNA binding arms to biDz-based DNA Constructs decreases
limit of detection (LOD) for detection of viral DNA and RNA analytes folded in stable
secondary structures.

5. Addition fluorogenic substrate delivery function to biDz-based DNA
Constructs decreases limit of detection (LOD) for detection of viral DNA and RNA
analytes.

6. BiDz-based DNA Construct equipped with multiple RNA cleaving cores
demonstrates less LOD for detection of viral DNA and RNA analytes in comparison with
biDz sensor having single catalytic core.

Credibility of scientific achievements. To ensure and confirm the high degree of
reliability in the work used a set of modern experimental methods of research, statistics.
Scientific provisions, conclusions and recommendations are based on the analysis of a
huge amount of scientific literature and confirmed by experimental data.

Research approbation. The results of the work are presented in 18 publications
(articles, abstracts) - 7 of articles are included in the Scopus and Web of Science citation
bases, 11 theses presented at 9 All-Russian and international conferences.

The work was supported by ITMO University’s Priority 2030 Development
Strategy (N0.922017) and PISH ITMO (N0.92145).

Compliance of the topic with the requirements of the passport of specialty
VAK. The work was carried out within the framework of the specialty passport 1.5.4 -
Biochemistry: p.11 "Investigation of problems of recognition at the molecular level,

storage and transfer of information in biological systems."
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Structure and scope of the thesis. The dissertation consists of an introduction,
literature review, description of materials and methods used in the work, description of
the research results, discussion of the obtained results, conclusions, as well as a list of
used sources. The text of the dissertation is outlined on 154 printed pages, illustratedac
with 72 figures and 10 tables, The list of references contains 168 literature sources. The
dissertation is outlined in accordance with the general requirements for the design of
candidate and doctoral dissertations, approved in GOST R 7.0.11-2011.

Author's personal contribution: The author's individual contribution to this
research consists of conducting a thorough literature review, designing DNAzymes and
DNA machines DNA Constructs and carrying out the experiments described in the thesis.
The author was solely or directly involved in obtaining all the results presented in this
work. The author personally analysed and interpreted the data using statistical methods,
described the results, and discussed the findings and conclusions with their scientific

supervisors and co-authors during the preparation of publications.
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MAIN CONTENT OF WORK
Chapter 2. Materials and methods

Experimental procedures. Prediction of secondary structure. The secondary
structure of RNA fragments and their thermodynamic parameters were determined with
the RNA Folding Form Application of the MFold server. Melting temperatures between
RNA-binding domains and RNA targets were calculated using the Hybridization of two
Different Strands of DNA or RNA application of the DNAMelt MFold server. The
energetic parameters were chosen according to the experimental conditions: DNA/DNA
hybridization at 37°C, [Na*] = 165 mM, [Mg?"] = 2 mM and chain concentrations: RNA
=1 uM, DNAzyme/ASO = 0.003 - 0.1 puM.

Measurement of oligonucleotide concentrations. The synthesised oligonucleotides
were diluted with Nuclease free water to a concentration of ~ 100 uM. Several dilutions
were prepared from the stock and actual concentration measured using a NanoPhotometer
at wavelength 260 nm (the extinction coefficient was calculated by the device
automatically when the sequence was entered).

Assembly of DNA Constructs. Equimolar concentrations of different machine
components were mixed in Reaction Buffer (50 mM HEPES, 150 mM KCI, 15 mM NaCl
and 2 mM MgCl,), transferred to a 500 mL beaker filled with prrie boiled water and
then allowed to gradually cool down to room temperature overnight. DNA constructs
assembly was verified by electrophoresis (native PAGE or agarose) and stained (Gel red,
SYBR Gold or ethidium bromide) for visualisation.

DNAzyme based fluorescent assay. Synthetic substrate (F_sub) labelled with a
fluorophore (FAM) and a quencher (BHQ-1) were used as a cleavage substrate. The
quencher absorbs fluorescence when the substrate is intact. When the substrate binds to a
DNA construct and is cleaved, the quencher dissociates, allowing fluorescence to be
measured. The substrate, DNA constructs, and inputs (RNA or DNA) were incubated in
a reaction buffer with an appropriate amount of magnesium ions 50, 10 and 200 mM at
37°C and 55°C. The resulting fluorescence was measured using the TECAN

spectrophotometer at specific wavelengths 480-525 nm.
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DNAzyme based RNA cleavage assay. DNA constructs were modified to bind and
cleave a fluorescent RNA substrate, demonstrating adaptability. The RNA substrate,
DNA constructs, and inputs were incubated in a reaction buffer with 2mM amount of
magnesium ions at 37°C for 7-24 h. The sample was denatured at 95°C for 5 min, cooled
on ice for 5 minutes and loaded onto denaturing PAGE. Gels were visualised using the
ChemiDoc Touch Imaging System and the cleavage analysed.

RNase H dependent RNA cleavage assay. DNA constructs were designed to bind
and cleave a fluorescent-labelled RNA. The RNA substrate, DNA constructs, varying
concentrations of input (miR-17) along with recombinant RNase H were incubated in a
reaction buffer at 37°C for 20 min. The sample was denatured at 95°C for 5 min, cooled
on ice for 5 minutes and loaded onto denaturing PAGE. Gels were visualised using the

ChemiDoc Touch Imaging System and the cleavage analysed.
Chapter 3. Results and discussion

Molecular computation. Three logic gate DNA Constructs were designed (YES,
2i, 3i) to be activated in response to miR-17 molecules. The YES requires one molecule,
the 2i requires two, and the 3i requires three. Activation leads to the formation of a
catalytic core that cleaves a substrate, producing a fluorescent signal. Peak cleavage
activity occurred at 10 nM, 20 nM, and 30 nM miR-17 concentrations for the YES, 2i,
and 3i (Figure 1), with turnover frequency of 8.1 h™', 9.8 h'!, and 9.7 h'!, respectively.
Selectivity assays confirmed that miR-20 produced no activation, demonstrating the DNA
Constructs’ specificity for miR-17.

The RNA-binding arms of YES, 2i, and 3i were optimized for RNA-46 fragment
from the DAD-1 gene. Cleavage activity peaked when the miR-17 input was equal to or
exceeded the gate strand concentration (100 nM for YES, 200 nM for 2i, 300 nM for 3i)
(Figure 2). However, excessive input reduced activity, highlighting the need for one unit

DNA construct to address high concentration and activity drop issues.
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Figure 1. Fluorescence spectrophotometry showing cleavage activity of split threshold DNA
Constructs targeting F_sub. F_sub (200 nM) was incubated with 10 nM of each gate and various
concentrations of miR-17 for 1 h at 37°C. Selectivity test for miR-17, showing fluorescent response to
increasing miR-17 concentrations (above dashed line; threshold) and two-base mismatched miR-20

(below dashed line).
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Figure 2. Threshold DNA Construct targeting RNA-46 (1 mkM). Reactions incubated at 37°C
for 24 h, followed by denaturing PAGE analysis, showed RNA-cleavage peaks for YES-46, 2i-46, and
3i-46 gates (100 nM) with microRNA-17 at 100 nM, 200 nM, and 300 nM, with turnover frequency of

1.17h', 1.28 h™!, and 1.07 h™', respectively. Cleavage activity decreased beyond input gate ratios of 1:1,
2:1, and 3:1 for YES, 2i-46, and 3i-46.
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Cleavage efficiency assessment of the 5-input thresholding split DNAzyme
gates targeting F.sub and GFP-RNA 60. Four DNAzyme thresholding gates (2i-DTh,
3i-DTh, 4i-DTh, 5i-DTh) and BiRDz were designed. BiRDz is a binary DNAzyme that
cleaves a substrate upon activation by an miR-92 molecule, producing fluorescence. The
activation of 2i-DTh, 3i-DTh, 4i-DTh, and 5i-DTh gates require two, three, four, and five
miR-92 molecules, respectively, to unwind inhibitory loops and bridge strands, activating
the catalytic core to cleave the substrate and emit a fluorescent signal.

Fluorescence was measured after incubation with varying miR-92 concentrations.
BiRDz, 2i-DTh, 3i-DTh, and 5i-DTh exhibited hyperbolic fluorescence responses, with
peak activation at 10 nM, 25 nM, and 35 nM of miR-92, respectively. 5i-DTh required
five miR-92 molecules for activation (Figure 3). The threshold indicated activation at 1.5,
5, 7.5, and 22.5 nM miR-92 for BiRDz, 2i-DTh, 3i-DTh, and 5i-DTh, respectively,

confirming high efficiency of the system.
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Figure 3. F-sub (200 uM), DNA Constructs (10 nM each strand), and miR-92 concentrations
(0.1 nM to 100 nM) were incubated at 37°C for 1 h. Data, averaged from three independent

measurements, were curve-fitted using Convolution GauseMod in Origin.

The RNA-binding arms of BiRDz, 2i-DTh, 3i-DTh, 4i-DTh, and 5i-DTh were
further optimized for cleavage of a 60-nucleotide GFP mRNA (RNA-60) in 2mM Mg?*
buffer, simulating physiological conditions. Constructs were pre-incubated with varying
miR-92 concentrations and then exposed to RNA-60. Cleavage products were analyzed
via denaturing PAGE (Figure 4). Cleavage was observed at lower miR-92 concentrations
for 2i-DTh, 3i-DTh, and 4i-DTh, while 5i-DTh required 300nM miR-92, confirming
effective RNA targeting and unwinding by these constructs under near-physiological

conditions.
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Figure 4. RNA-60 cleaved by DNA Constructs activated by miR-92 molecules. Cleavage
analysis of different constructs at miR-92 concentrations (25 to 1000 nM) with 1000 nM RNA-60,
incubated at 37°C for 24 h. Positive control (C+) contained full DNAzyme (RDz1-92), while negative

control contained only RNA.

Cleavage efficiency and selectivity assessment of the thresholding DNA
Constructs targeting F_sub and DAD-1 mRNA (RNA-46). The previous binary DTh
constructs had a limitation where individual oligonucleotides (Dza and Dzb) partially
hybridized to different analyte molecules in the presence of excess analyte, inhibiting the
formation of the full enzymatic unit and reducing activity. The new design, reforming
these constructs into DNA thresholding Constructs (Th-DNMs) with a tile-attached
platform, aims to enhance cooperativity, prevent decomposition in high analyte
concentrations, and boost reaction rates. The tile-attached platform keeps Dza and Dzb in
proximity, ensuring higher local concentrations of active parts. Th-DNM-2i and Th-
DNM-3i constructs, requiring two and three input molecules respectively, use the
platform to facilitate substrate cleavage and fluorescent signal release. BiDz was also
redesigned to incorporate the same linker tile for consistent comparison.

To demonstrate versatility, DNA Constructs’ substrate-binding arms were adapted
to cleave RNA-46, encoding the DAD1 sequence. Constructs DNM, Th-DNM-2i, and
Th-DNM-3i were evaluated with miR-17 (0—1000 nM) and RNA-46 (1000 nM). In the
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presence of 100 nM, maximum activation was observed at 100, 200, and 300 nM miR-17
for DNM, Th-DNM-2i, and Th-DNM-3i, with cleavage rates of 0.580 nM/min, 0.601
nM/min, and 0.578 nM/min, respectively (Figure 5). Threshold concentrations for
activation were approximately 2 nM, 25 nM, and 55 nM for DNM, Th-DNM-2i, and Th-
DNM-3i, respectively.

At reduced concentrations of DNA Constructs (3 nM) (Figure 6), maximum
activation occurred at 3, 6, and 9 nM miR-17, showing cleavage rates of 0.012 nM/min,
0.014 nM/min, and 0.020 nM/min. Th-DNMs demonstrated stable performance with high

analyte excess, indicating effective recognition and cleavage even at low concentrations.
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Figure 5. Schematic of tile-attached Th-DNM for RNA-46 cleavage. PAGE showing RNA-46
cleavage (1000 nM) by DNA Constructs (100 nM) at varying miR-17 concentrations after 24 h at 37°C,
with maximum activation at 100, 200, and 300 nM, and threshold concentrations 2, 25, and 55 nM for
DNM, Th-DNM-2i, and Th-DNM-3i, respectively. Graphic of Th-DNMs’ activity.
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Figure 6. Gel electrophoresis showing RNA-46 (1000 nM) cleavage by DNA Constructs (3 nM)
with varying miR-17 concentrations after 24 h at 37°C. Maximum activation at 3 nM, 6 nM, and 9 nM
miR-17 for DNM, Th-DNM-2i, and Th-DNM-3i. Threshold concentrations were approximately 0.15
nM, 0.72 nM, and 2.7 nM, respectively.
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Design and Cleavage efficiency assessment of DNA logic gates targeting F_sub.
Six DNA logic gates were designed using modified Dz_a and Dz_b strands: YES,
2IAND-A and B gates, 3iIAND, 2iINHIBIT, and 3iINHIBIT. These gates utilized the
binary Dz 10-23 (biDz) for its RNA-cleaving ability and high turnover frequency.
Modules were attached to a common DNA tile to enhance cooperativity and ensure strict
input-dependent regulation.

The length of F_sub binding arms was optimized to 9 and 7 nts for Dz_a and Dz_b,
respectively, enhancing fluorescence at 37°C. The YES gate, 2iIAND-A, 2iAND-B,
3IAND, 2iINHIBIT, and 3iINHIBIT gates were tested with 100 nM gates, 100 nM inputs,
and 200 nM fluorogenic substrate in reaction buffer. Fluorescence was measured after 1
h at 37°C. The threshold for each gate was set at three standard deviations above the
background. The YES gate showed a signal-to-background ratio of 4.58 + 0.36, indicating
robust performance, though lower than traditional Dz 10-23 due to its design constraints.
The 2iAND and 3iAND gates exhibited high true-to-false signal ratios, with values of
3.00+£0.34, 2.3+0.8, and 1.73+0.06 at various time intervals. All the DNA logic gates
including The INHIBIT gates also aligned with theoretical predictions following the truth
table. How ever the inhibit gates showed total inhibition after increasing the concentration

of the inhibiting input by 2 and 3 times (Figure7).
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Figure 7. Logical operation, truth table, and F_sub cleavage results for six logic gates: 100 nM
of each gate was mixed with 100 nM inputs and 200 nM F sub, incubated at 37°C for 1 hour.
Fluorescence indicates F_sub cleavage, with output 1 or 0, above or below the threshold set at three
standard deviations above background. A) YES showed a signal-to-background ratio of 4.58 + 0.36. B-
D) 2iIAND-A, 2iAND-B, and 3iAND, in general, maintained high true-to-false signal ratios of 3.00+0.34
(7-50 min), 2.3+0.8 (5-15 min), and 1.73+0.06 (4-16 min), respectively. E) 2iINHIBIT gate had a true-
to-false ratio of 1.73+£0.06 (6-8 min), increasing to 3.22+0.12 (6-60 min) with doubled 4th input. F)
3iINHIBIT gate had a true-to-false ratio of 1.72+0.06 (up to 30 min), increasing to 3.00+0.06 (up to 1
h) with doubled 4th input.

R

Cleavage efficiency assessment of ASO-based DNA thresholder agents.
BiASO, 2i-A Th, and 3i-A Th exhibited distinct activation profiles in response to miR-
17 concentrations. BIASO showed hyperbolic activity with a plateau at concentrations
above 50 nM, reaching maximum activation around 50 nM miR-17. In contrast, 2i-A Th
and 3i-A Th demonstrated sigmoidal activation curves, with thresholds at 7.5 and 39.5
nM miR-17, respectively. Maximum activation for 2i-A Th and 3i-A Th was observed at
100 and 150 nM miR-17, respectively. These results indicate that the DNA thresholders
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can effectively modulate RNA-cleaving activities across a broad range of miR-17

concentrations (Figure 8).
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Figure 8. A) 3i-A Th in complex with 3 miR-17 and GFP RNA. Cleavage of GFP RNA (1000
nM) by BIASO, 2i-A Th, 3i-A Th (50 nM). Quantification of three cleavage experiments. GFP RNA
cleavage efficacy (%) with varying miR-17 concentrations (0-500 nM).

Fluorescent assay and comparison of limit of detection between the 4ADNM and
the Bi-Dz targeting a synthetic DNA fragment of SARS-CoV-2. While Binary
DNAzymes (BiDzs) based on the core 10-23 show promise, they face challenges with
long RNA analytes due to stable secondary structures. The 4-arm DNA machine (ADNM)
enhances BiDzs by incorporating two additional sensing regions near the BiDz, which
help unwind RNA secondary structures. These extra arms are connected to a scaffold tile,
stabilizing the hybridization of the DNA construct to the RNA target and increasing
sensitivity. After testing the construct and calculating a limit of detection (LOD) of 1 pM,
both the construct and the simple BiDz were tested on viral RNA extracted from infected
cells. The results showed detection only with the 4ADNM (Figure 9). The 4DNM
demonstrated high selectivity by detecting only RNA of CoV-2 and not showing a signal
with OC43 viral RNA (Figure 9B). Testing on clinical samples revealed that the 4ADNM
successfully detected 5 out of 9 CoV-2 positive samples confirmed by PCR (Figure 10).
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Figure 9. ADNM selectively detects CoV2 RNA. A) Fluorescent response of 4ADNM and BiDz
with or without 125 pM CoV2 RNA. F-sub (200 nM) was incubated with BiDz (20 nM Dza, 5 nM Dzb)
or DNM (20 nM Dza, 5 nM T1/T2 complex) and 3.8 x 109 CoV2 or OC43 RNA molecules in reaction
buffer. Fluorescence at 517 nm (Aex = 485 nm) was recorded after 1 or 3 h at 55°C. Error bars represent
one standard deviation from three independent experiments. B) Selectivity of 4DNM. Fluorescent
response to 3.8 x 1079 CoV2 or OC43 RNA molecules in 50 uL (125 pM).
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Figure 10. Analysis of clinical samples using 4ADNM. All samples contained F-sub (200 nM) and
4DNM (20 nM Dza and 5 nM T1/T2 complex) in a reaction buffer, incubated at 55°C for 3 h. Positive
control (last bar) had 20 pM synthetic CoV2-DNAL analyte. Fluorescence at 517 nm (Aex = 485 nm)
was measured. Nine CoV-2 positive and five negative samples from 14 individuals were confirmed by
RT-gPCR with shown Ct values. Positive samples Ct values: 6-20.4; 7-21.0; 8-21.8; 9-22.0; 10-22.9;
11-24.2; 12-25.5; 13-25.9; 14-27.7. Samples 1-14 were measured once to ensure maximum viral RNA
concentration, thus lacking standard deviation. Standard deviations for negative (—) and positive (+)
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controls were from three independent measurements. Threshold line: 3 standard deviations above
average (—) control.

Spectrophotometric analysis of the DNA construct (HDNM) equipped with a
substrate delivery element (*"hook™) targeting COV2-DNAL and detection of SARS-
CoV-2 RNA among total RNA isolated from infected Vero cells. The hook-equipped
DNA Constructs (HDNM) features a scaffold (T1, T2, T3) and two hooks that bind up to
three F-sub molecules each. T1 and T2 are linked via HEG linkers, facilitating RNA
unwinding and substrate delivery. HDNM operates optimally at 55°C, enhancing
detection sensitivity about 180 times more than 4DNM with LOD 0.025 after 3h of
incubation (table 1).

For more investigation of the scaffold’s abilities The MDNM was designed, it
integrates multiple cores, featuring a scaffold with T1, T2, T3, and T4 arms, and four
additional oligonucleotides (A10, A20, A30, A40) to form multiple cores structures. This
design enhances detection of one target and produce 4 signals from the same target.
Incorporating additional binding arms is improving target unwinding, fluorescence signal
generation, and overall sensitivity less about 4 times than 4DNM with LOD 0.3pM after
3 h (table 1).

Table 1. Comparison of the LOD for different DNA Constructs

Name of DNA Construct LOD, 1h LOD, 3h
BiDZ - 10 pM
4ADNM for DNA analyte 10 pM 1pM
4DNM for RNA analyte - 26 pM

HDNM for DNA analyte 0.063 pM 0.025 pM
HDNM for RNA analyte 26 pM 2 pM
MDNM for DNA analyte 2.6 pM 0.3M
MDNM for RNA analyte 28 pM 5pM
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At this stage, experiments using DNA constructs in living cells have not been
conducted, and all the presented results pertain exclusively to in vitro experiments in a
cell-free system. However, the demonstrated efficiency and functionality of the constructs
in these conditions represent an important step toward their potential applicability in
cellular systems. Further research in cell models is necessary to assess the biological
activity and stability of the constructs in living cells. These studies are planned as the next
phase of the work. Potential challenges, such as construct delivery into cells, resistance
to cellular nucleases, and interactions with intracellular molecules, certainly require

additional investigation.
CONCLUSIONS

This work demonstrated that complex multicomponent DNA Constructs can
effectively recognize biologically significant RNA, laying the groundwork for applying
DNA nanotechnology and molecular DNA nanorobots in disease detection and therapy.

1. 21 DNA constructs based on binary DNAzymes (biDz) and 3 DNA
constructs based on antisense oligonucleotides (ASO) were developed. The DNA
constructs BiRDz, 2i-DTh, 3i-DTh, 4i-DTh, and 5i-DTh activated RNA target cleavage
at miR-92 concentrations of 0.25, 20, 80, 90, and 190 nM, respectively. DNA constructs
containing a DNA scaffold, such as DNM, Th-DNM-2i-46, and Th-DNM-3i-46, were
activated at 2, 25, and 55 nM miR-17, respectively. The DNA constructs BiASO, 2i-A
Th, and 3i-A Th were activated at miR-17 concentrations of 2.6, 7.5, and 39.5 nM,
respectively. The threshold concentration of oncogenic microRNAs for DNA construct
activation depended on the number of microRNA-binding sites in the DNA constructs.

2. 12 DNA constructs based on biDz were developed, containing all functional
oligonucleotides attached to a single scaffold and operating on the principle of logic gates.
The DNA constructs YES, 2iIAND-A, and 2iIAND-B demonstrated RNA target cleavage
with signal-to-background ratios of 80.4, 10.3, and 39.2, respectively, after 7 hours of
incubation. The DNA constructs 3IAND, 2iINHIBIT, and 3iINHIBIT demonstrated RNA
target cleavage with signal-to-background ratios of 18.3, 4.3, 3.9, and 26, respectively,
after 24 hours of incubation. The DNA constructs 2iINHIBIT and 3iINHIBIT showed
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complete inhibition of RNA target cleavage after the addition of the tumor suppressor
miR-7 at a concentration 1 and 2 times higher than that of the DNA construct itself,
respectively.

3. 3 DNA constructs were developed for the detection of DNA and RNA
analytes of SARS-CoV-2. The 4DNM DNA construct, equipped with two additional
RNA-binding sites, demonstrated a limit of detection (LOD) of 1 pM for the synthetic
DNA analyte. The LOD for the RNA analyte was 26 pM after 3 hours of incubation,
whereas biDz was unable to detect RNA. The HDNM DNA construct, with a substrate
delivery function, showed an LOD of 0.063 pM and 0.025 pM after 1 and 3 hours,
respectively. The LOD for the RNA analyte was 26 pM and 2 pM after 1 and 3 hours,
respectively. The MDNM DNA construct, with four catalytic centers, demonstrated an
LOD for the synthetic DNA analyte of 6.5, 2.6, and 0.3 pM after 0.5, 1, and 3 hours,
respectively. The LOD for the RNA analyte was 28 pM and 5 pM after 1 and 3 hours,
respectively, showing improved sensitivity, as 4DNM did not detect viral RNA after 1
hour of incubation.

Recommendations and Prospects for Further Development. The results of this
dissertation research can be utilized in the development of diagnostic and therapeutic
approaches for oncological and viral diseases, as well as in expanding the application of
DNA probes in biomedicine. Further modifications of DNA constructs may be conducted
to lower the sensitivity threshold and enhance the efficiency of RNA target cleavage.
Additionally, investigating the effects of various chemical modifications on the stability
and catalytic activity of the constructs remains an important direction. Another promising
avenue is the study of the kinetics of interactions between logical DNA constructs and
microRNAs to predict response times. Adapting these technologies to modern molecular
diagnostic platforms, miniaturizing DNA constructs, and integrating them into portable
devices for rapid analysis are also key areas for future development. Moreover, continued
research on biocompatibility and the development of safe methods for introducing DNA

constructs into the body for potential therapeutic applications are necessary.
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DNA — deoxyribonucleic acid
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dabaubd Axmen Adonenxkanep Moxamen OTMan

PACIHHO3HABAHUME HYKJVIEMHOBBIX KNCJIOT C UCITIOJIb3OBAHUEM
MHOI'OKOMIIOHEHTHBIX JHK HAHOKOHCTPYKIU

B nannom uccnegoBanuu JJHK-koHCTpyK1Mu Ha ocHOBe biDz Ob1M pa3padoTaHbl
s (1) pa3IMYeHHMs HU3KHMX M BBICOKHMX KOHIIGHTpalMi mocienoBarenbHocTelr PHK
pPaKkoBbIX ~ MapkepoB; (1) pacrno3HaBaHHUs  HECKOJBKUX  IOCIENOBATEIbHOCTEN
Ooromapkepos; u (i11) oOHapyKeHUsT HU3KUX KOHIeHTpaiuii BupycHoro PHK ananura 6e3
ero mIpeaBapuTeabHON aMiummbukanuu. Pacmernneaue menesoir PHK in vitro 6suro
nocturHyto ¢ nomoinieto JIHK-koHcTpyknuii Ha ocHoBe BiDz M aHTHCMBICTOBBIX
oJMTOHYKJICOTHI0B (ASO) B mpHUCYTCTBHM pa3HbIX KOHIEHTpamuii miR-17 u miR-92.
boumn pazpaboransl JJHK-koHCcTpyKIMK ¢ OyneBbiMU Jorndeckumu GyHKuusmu YES,
2AND, 3AND, 2 iINHIBIT u 3 iINHIBIT, coxepxariue Bce (QyHKIIMOHAJIbHbBIC
KOMITOHEHTBl Ka)J0ro OTHEJBHOTO JIOTHYECKOTO BEHTWIS, NPUCOEAUHEHHBIE K

yuuBepcasibHoMy JIHK-ckadpdonny. Pacmennenue wnenesot PHK nmocruranocs
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pa3muuHbIME KoMOWHamusaMu miR15, miR17, miR 21, miR 7 B cooTBeTcTBHM C
tabnuuamu uctuHHOCTH. JIHK-koHCTpyKkimu Ha ocHoBe BiDz, ocHamieHHble OByMs
JOTNIOJIHUTENbHBIMU calTamu s pa3BopauuBanuss PHK, m JIHK-xkoHCcTpykumm co
MHOkecTBoM PHK-pacmienisiromux kaTaliuTHueCKuX [EHTPOB MoKaszaiu 0osee HU3KUN
npenen obnapyxenus (LOD) mo cpaBHeHHIO ¢ OOBIYHBEIM ceHCOpoM biDz. dyHKIuMs
noctaBku (ayoporeHHoro cyocrtpara takke ynydmuia LOD JIHK-koHcTpykuuid asns
obHnapyxenust cunterndyeckux JIHK m PHK anamutoB. Takum oOpa3om, CIOXKHBIC
MHOrokoMmnoHeHTHble JIHK-koHcTpykunn moryt s¢ddexrtuBHo pacnoznaBate PHK,
3aKnanpiBasg ocHOBY miisa npumeHeHus JIHK-nanotexnosmoruit u monekyssapubix JTHK-

HaHOPOOOTOB JjIsl OOHAPYKEHUS U JICUCHUSI 3a00JICBaHUM.
El-Deeb Ahmed Abdelkader Mohamed Othman

RECOGNITION OF NUCLEIC ACIDS USING MULTICOMPONENT DNA
NANOCONSTRUCTS

In this study, DNA Constructs based on biDz was adopted for (i) differentiation
low from high concentrations of cancer marker RNA sequences; (ii) recognition of
multiple biomarker sequences; (iii) detecting low concentrations of viral RNA in
amplification free format. In vitro RNA cleavage was achieved by biDz-based DNA
Constructs and antisense oligonucleotide (ASO)-based DNA Constructs in the presence
of different concentrations of miR-17 and miR-92. DNA Constructs with YES, 2AND,
3AND, 2 iINHIBIT and, 3 iINHIBIT Boolean logic functions were developed containing
all the functional components of each individual gate attached to an individual DNA
scaffold. RNA cleavage was achieved by a different combination of miR15, miR17, miR
21, miR 7 according to the truth tables. BiDz-based DNA Constructs equipped with 2
additional RNA-unwinding arms and multicore biDz-based DNA Construct showed
decreased LOD than that demonstrated by conventional biDz sensor. The fluorogenic
substrate delivery function as well improved LOD of biDz-based DNA Constructs for
synthetic DNA and RNA analyte detection. Thus, complex multicomponent DNA
Constructs can effectively RNA, laying the groundwork for applying DNA

nanotechnology and molecular DNA nanorobots in disease detection and therapy.
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OBIIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJlbHOCTh TeMbl HccJeqoBaHusA. [MOpuan3anus HYKIEHHOBBIX KHUCIOT C
PHK wucnons3yercss B AMarHOCTUKE M TE€panmuu. DTOT MOAXOJ OMHPAETCS Ha CBOMCTBA
HYKJICUHOBBIX  KHUCJIOT, TIO3BOJISIIOIME WM  pAcCloO3HaBaTh M CBA3BIBATHCS C
onpenenEHHbIMA  MOCTEAOBATENIBHOCTIMUA, YTO  OTKPBIBAET BO3MOXKHOCTH IS
pa3pabOTKU TapreHTHBIX TEPAreBTUUECKUX areéHTOB M BBICOKOUYBCTBUTEIBHBIX
nuarnoctudeckux TectoB (Kolpashchikov, 2019). B ganHo#t paboTe NpUMEHSIOTCS
MMOAXObI JAHK-HaHOTEXHOJIOTHIA JUTSt CO3/IaHUs HOBOTO TMOKOJICHUS
MHOTOKOMITOHEHTHBIX THOPUINU3AIMOHHBIX 30H]I0B JJIsl IPUMEHEHUS B IBYX KIIFOUEBBIX
00JIacTsX: JICUEHUHU U TUATHOCTUKE 3a00JIeBaHUH YelIOBEKa.

['ubpunuzanuonssie 301161 Ha ocHOBe JIHK 001amatot BeICOKOM crieliu()UuHOCTHIO
U MOTYT OBITh pa3paboTaHbl JIJIsl paco3HaBaHUs MAPKEPOB TeHETHUECKUX 3a00JIEBaHUT,
YTO JIeNlaeT WX HE3aMEHUMBIMU B aHAM3€ U JIeUeHMH 3a00JeBaHUN dYellOBeKa
(Gerasimova, Kolpashchikov, 2010). Panee ObUIO TOKa3aHO, 4YTO HCIIOJIb30BAHHE
HECKOJIbKUX THOPUTU3AIIMOHHBIX 30HI0B (2JIEMEHTOB) MOXKET YJIYUIIIUTh CEIEKTUBHOCTD,
YYBCTBUTEJIBHOCTh U  BO3MOXXHOCTh MYJIbTUIJIEKCUPOBAHUS TUOPUAN3ALIMOHHBIX
noaxoaos (Gerasimova et al., 2010). Ot QpyHKUMOHANBHBIE 3JIEMEHTHI MOTYT OBIThH
00BbeIMHEHBI B OJTHY HAHOCTPYKTYpY, Ha3piBaemyto JIHK-koHCTpyKIHS, ¢ yiaydIeHHOM
koornepatuBHOCThIO B pacno3HaBanuu JIHK u PHK (Nedorezova et al., 2019). bsuio
BBIJIBUHYTO TMPEIINOJIOKEeHHE, 4TO TuOpuausanrionnbie 30HabI U JIHK-xoHCTpyKIINH
criocoOHbl  3BoNOLIMOHUpOBaTh B JIHK-HaHopoOOTOB, oOnajarommx CJIeAyOMUMU
4eThIpbMa QyHKUUAMH: (1) pacio3HaBaHHUE MapKepOB 3a00JIeBaHM, (11) BBIYHCIEHUE TTPU
aHaJIM3€ HECKOJbKHX MapKepoB, (ii1) akTUBAIMS JIJISi BBITIOJHEHUS TEPANeBTUYECKOTO
nedenuss u (1v) aBToMaruyeckas aoctaBka B kietku (Wang et al., 2022). B stom
WCCJICIOBAaHNM OCHOBHOE BHUMAaHWE YJEJICHO COBEPIICHCTBOBAHUIO  (DYHKIIHIA
pacrio3HaBanus 1 BerauciaeHus JJHK-nanopo6oTos.

B ocnoBe pazpadotannbix JJHK-koHCTpyKIMii T€KAT THOPUAU3AUOHHBIA CEHCOP,
Ha3BaHHBIM OnHapHBI JIHK31M mnu biDz. O criocoOeH CBSI3BIBATHCS € ONPEISICHHBIMU

HYKIJIICOTUIHBIMU ITOCICAOBATCIIBHOCTAMU (aHaJ'II/ITaMI/I), ocCjIc 4Y€ro AaKTUBHUPYCTCA
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¢yukuus pacuierienus  ueneBod  PHK, uwro Moxker Takke NpoOM3BOIUTH
(bIyopeceHTHBIA CUTHAI JIsi OOHapYyKeHUs aHaauToB. B manHO# paborte cerncop biDz
Obi1  mpeoOpazoBan B JIHK-KOHCTpyKIMH, OCHaIleHHbIE MHOXECTBOM CaiTOB
pacro3HaBaHMs ISl CBSI3bIBAHUS HECKOJBKHMX PAa3JIMYHBIX HYKJIEHMHOBBIX KHCIOT, YTO
CO37aCT OCHOBY JIJIsI aHAJIM3a CJIOKHBIX CMecel OMOJIOTMYECKUX MapKepoB. B manHOU
pabote noaxoa JAHK-koucTpykuuit 6611 agantupoBan A (1) auddepeHimanu HU3Kux
M BBICOKMX KOHIIEHTpamnwii oHKoMmapkepHbix MHKpoPHK; (ii) pacmo3naBanus cpasy
HECKOJIbKUX  TIOCJIeIoBaTeIbHOCTEN  OnomapkepoB; (i11) OOHApY>KEHHMS HHU3KHX
KoHIeHTparui BupycHoit PHK 6e3 HeoOxoaumMocTn aMITuduKauy aHajauTa.

Crenenb pa3pa0oTaHHOCTH TeMbl HccieqoBanusi. lccinenoBanusi B 00acTH
pa3pabotku JJHK-HaHOpOOOTOB C MHTETPpUPOBAHHBIMU MOIYJISIMU ISl pACTIO3HABAHUS U
BBIYMCIICHUM, HAMTPABJICHHBIMHU HA JUArHOCTUKY M TE€paIuio 3a00JICBaHUM, HAXOMSITCS B
aKTUBHOM CTaguu pa3BuTusA. B mocnenHue roapl 3HAYUTEIBHOE BHUMAHHUE YJNENIACTCS
co3nanuto JJHK-koHCTpyKIuii, CHOCOOHBIX BBIMOIHATH CIOXKHBIE JJOTUYECKUE OTIEPaALUU
Ha MOJIEKYJIIPHOM YPOBHE, YTO OTKPBIBAET HOBBIE TOPHU30HTHI /A npuMeHeHus JIHK-
HaHOTeXHOJIorui B OmomemunmHe. MccnenoBanms B oOnactu JIHK-HanoTexHOIOTHIA
TaK)K€ COCPEJIOTOYECHBI Ha pa3pabOTKe OJIMTOHYKJICOTHUIOB, KOTOPHIE MPU CBA3BIBAHUU
ueneBon PHK  3amyckator ee  pacuieruieHue, TakMX KaK  aHTUCMBICIOBBIC
onuronykiieotuasl (ACO) B mpucyrcBun PHKa3zer H (Bartolucci et al., 2022) unu PHK-
pacmersironiue JIHK3umer (Chaput et al., 2023). Onnako, METO/bI, KOTOPbIE HE UMEIOT
KOHTPOJISI aKTUBAIIMH ITyTEM MPEBAPUTEIHHOTO aHAIN3a MaPKEPOB, a TAKIKE CBOOOTHOTO
BbIOOpa 1meneBoid PHK, mockonbky OHM B OCHOBHOM HalleJI€Hbl HA OHKOTEHBI U HE
yOMBAIOT PaKOBbIC KJIETKU HAMNpPsIMYIO, MO-TIPEKHEMY CTaJKHBAIOTCSA C MPOOJIEeMOi
aKTUBALlMM TEpaly B HOPMAJIbHBIX KJIETKAX, YTO MOXET MPUBECTU K 3HAYUTEIbHBIM
no00YHBIM P PeKrTam.

JHK-noruueckue BenTuiu, npemioxeHHble Khanum wu coaBTtopamu (2020),
Brmodas YES, 21 AND u 31 AND na ocHoBe JIHK3uma, He 001a1ar0T BO3MOKHOCTBIO
COCMHEHHUS JIOTHYECKUX DJIEMEHTOB B €IWHONW HAHOCTPYKTYpEe, YTO OCTaeTCs
npenstctBueM s paspabotku JIHK-mpormeccopa mns anammsza ciioxkHBIX HaOOPOB

ouonornueckux mMapkepoB. Kpome Toro, cymectByer HeoOxoaumocTs B co3aannu JJHK-
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JIOTUYECKUX BEHTHWJIEH, KOTOpble OyayT aKTHUBHUPOBATHCS WIM WHTHOUPOBATHCA B
3aBHCUMOCTH OT HAJIMYUSA B KJIIETKE TEX WJIM UHBIX MAPKEPOB.

HecMoTpst Ha 3HAYUTENBHBIA MPOrpecc B 3TOM 00JACTH, OCTAIOTCS HEPEIICHHBIE
BOIIPOCHI, KAacalollUeCs] MHTETPAllMM PA3JIMYHBIX MOJYJEH B E€IUHYK CHCTEMY,
YYBCTBUTEIHPHOCTH PACIIO3HABAHUS MapKEPOB W MUHHUMH3AIUU MOOOYHBIX 3(P(HEKTOB,
CBSI3aHHBIX C HUX HCIOJb30BAHUEM B OpraHu3Me. Takke aKTUBHO MPOJOJIKAKOTCS
MCCJIEI0OBAHMS 110 pa3pabOTKE HOBBIX MEXAHW3MOB peryiaupoBanus U aktuaruu JJHK-
HAHOPOOOTOB, BKJIIOYAs HCIOJIb30BAaHUE AHTHCMBICIOBON TexHosoruu, JIHK3umMoB u
HOBBIX TUIOB JIOTUYECKUX BEHTUJICH.

eab u 3axaun:

[ens auccepranioHHOM pabOTHI 3aKiIt0UaeTCs B pa3paboTKe MHOTOKOMITOHEHTHBIX
JIHK-KOHCTpYyKIIMH W MCCIEIOBAaHUU MpPEAEeia WX YYBCTBUTEIBHOCTH ISl JETEKIUU
OMOJIOTHYECKUX MAPKEPOB C LEJIbI0 IPUMEHEHHUS B TUarHOCTUKE 3a00JIeBaHUMN YEJIOBEKA,
a TaKkKe B OIEHKE CIIOCOOHOCTH KOHCTPYKIIMUA BBI3BIBATH OHOMapKEp-3aBUCUMOE
pacumierienne PHK-MuIenn B KOHTEKCTE TEPAIIEBTUYECKOTO UCITOJIb30BAHMUS.

JI71st noCTHKEeHUS 11eJId ObLUIU MTOCTABJICHBI CIASAYIONINE 3a/1a4u:

1. Paszpaborats JJHK-xoHcTpykimu Ha ocHoBe DiDZ u Ha OCHOBE aHTHCMBICIOBBIX
omuronykineotunoB (ACO) mns poctmwkenus In Vitro pacmermnenus PHK-mumenu B
IIPUCYTCTBUU HU3KUX U BBICOKMX KOHILIEHTpauuii oHKoMapkepHbix MUKpoPHK.

2. Pazpaborats JIHK-koHCTpyknmu Ha ocHoBe biDz, paboTaromux o MpUHIHITY
JIOTHYECKUX BEHTHJICH, U UMeroux yHuBepcanbHbi JIHK-ckadona, oObenuHsOmmiA
Bce (QyHKIMOHANBbHBIE KOMIOHEHTH JIHK-KOHCTpYKIIMi B €AMHBIM KOMILIEKC, IS
JTOCTUKEHUS UHTUOUPOBAHUS WIJIM aKTUBAIIMU PACIICIUICHUS] CyOCcTpaTa B MPUCYTCTBUU
Pa3TUYHBIX KOMOMHAIIMN OHKOMApKEPHBIX WM OKHOCynpeccuBHBIX MUKpOPHK.

3. Paspaborats JIHK-koucTpykimu Ha ocHoBe DIDz anms mocTkeHus CHUMKCHUS
npeaena oOHapyxkenuss (LOD) anamura 3a cuer po6aBiaeHus B coctaB JIHK
KOHCTPYKIIMH: @) JOMOJHHUTEIbHBIX aHAIMT-CBA3BIBAIOIINX YYacTKOB;, 0) (YHKIMH
JOCTaBKU (HJTyOPOTE€HHOTO CyOCTpaTa; B) JOTIOJHUTEIBHBIX KATATUTUYECKUX LIEHTPOB.

Hayuynas nHoBu3HaA. BriepBbie ObUIO MOKa3aHO, YTO TOPOTOBAs KOHIEHTPAIIHS

mukpoPHK wmapkepos, 3amyckaromasi aktuBaiuio JIHK-kKoHCTpyKIMu, MOXET OBITH



HAaCTpOEHA MMyTEM U3MEHEHUS KOJIMYECTBa y4yacTKoB pacno3HaBanust MukpoPHK B JIHK-
koHcTpykuuu. BriepBeie [IHK-koncTpykumu ¢ ¢yHxuusamu OyneBoi soruku 2AND,
3AND, 2iINHIBIT u 3iINHIBIT 6su11 06beienens! Ha yauepcaibHoMm JIHK-ckadoine.
Ot JJHK-KOHCTpyKIIMK MO3BOJIMIIA OCYIIECTBUTH paciuerienne PHK npu pasnnunbix
KoMOMHanmax MapkepHbix MHKpoPHK  cormacHo TabnmiiaMm  MCTHHHOCTH ¢
ornpeeeHHbIMA OTHOIIEHUSIMU CUTHaJA K (hoHY. BriepBbie ObLI0 TPOIEMOHCTPUPOBAHO,
9TO0 M00aBJICHHE KAXI0TO U3 Tpex AneMeHoB: (1) momomautensubix PHK-cBs3pIBatomumx
y4acTKoB, (2) ¢yHKIMH JOCTaBKU cyOcTpaTa  (3) JOMOJHUTEIBHBIX KaTATUTHYCCKUX
IICHTPOB B KOHCTPYKIIMM HAa OCHOBE OMHApHOTO Je30KcupruOo3umMa biDz, 3HaunTeapHO
cCHWXaeT npenen ooHapyxenus uenesoi PHK, cpequ cymmapnoii PHK Beinenennoi us
UH(UIUPOBAHHBIX KIIETOK.

Teopernyeckass U MpaKTU4YecKas 3HAYUMOCTbH PadoThl. Pe3ynbrarsl pabOTHI
BHOCST CYLIECTBEHHBIM BKiaa B pasutue JIHK-HaHOTEXHOJOTMI 1UIsi IPUMEHEHUS B
JIMarHOCTUKE U JieyeHUH 3a0osieBaHui yenoBeka. Paszpabortannbie JJHK-koHcTpykumu
MOTYT OBITb TaK MOJCTPOEHBI JJII ONpPENENICHUS HYKJIEMHOBBIX KHUCJIOT W 00JaaaTh
BBICOKOH CIIEN(PUYHOCTHIO KaK K UX MOCJIEA0BATEIBHOCTSAM, TaK U KOHIIEHTPALUSIM, YTO
CO3/1a€T OCHOBY JUJIsl pa3paOOTKH aBTOHOMHBIX (JIEHCTBYIOIIUX 0€3 ydacTus oreparopa)
KOHCTPYKIUH, CIOCOOHBIX OTJIMYATh HOPMaJbHbIE KJIETKHA OT pakoBbiX. OOHapyXeHHE
HU3KOM KoHIleHTpauun PHK-anamutoB 03 MCIOIB30BaHUS METOAOB aMIUTMGUKAIIAN
HYKJIEMHOBBIX KHUCIOT MOXET OBITh HCIOJb30BAHO B JIMArHOCTHKE HWH(EKIIMOHHBIX
3a00JIeBaHUH YEJIIOBEKA BO BPeMsl OKa3aHUS MEAUITMHCKOM TTOMOIIIH,

O0bekT H mnpeaMer muccieaoBaHuss. OOBEKTOM HCCICIOBAHHS  SBISIOTCS
MHOTOKOMITIOHEHTHbIE TUOpuau3aiuonHbie 30HA6I - JIHK-koHCcTpykiuu. I[Ipeamerom
UCCleIoBaHus siBNsieTcs 4dyBcTBUTENbHOCTh JIHK-koHCTpykumit mpu oOHapykeHuu
PHK-ananuToB 1 MX akTUBHOCTH 1O pa3pe3anuto neneord PHK B npucyrcTBum pasHbix
KOHIEHTpaIMi WK crienuPruuecKux KOMOUHALMI OHKOJIOTHYECKUX MapKEPOB.

MetonoJiorust u MeToabl ucciaenoBanus. Beiopannsie mumenn PHK Britouanu
cunretnueckue ¢parmentel MPHK rema GFP (RNA-60) u DAD-1 (RNA-46) mns
yIOOHOTO MOHHMTOPHMHTA TOJABJICHHSI 3TUX T€HOB B HKCHEPUMEHTaX C KIETOUHBIMH

KyJIbTypaMU B TIEPCTIEKTHBE, a TAKKE B KaueCTBE aHanuTa Obuta BeiOpana BupycHas PHK
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SARS-Co0V-2, yuuTbiBasi 3HaUYUTENIbHYIO TJIO0ATBHYIO YIPO3y 370pPOBBIO, BBI3BAHHYIO
BBICOKOH ckopocThto myTauuii y PHK-BupycoB. Onpenenennsie MukpoPHK, Takue kak
miR-15-5p, miR-17-5p, miR-21-5p, miR-7d-let, miR-92a-1 (miR-15, miR-17, miR-21,
mMiR-7, MIR-92, cOOTBETCTBEHHO), OBUIM BBIOPAHBI B KauyeCTBE OHKOJIOIHMUYECKUX
MApKEpPOB M3-3a UX MOBBIIICHHOTO YPOBHS SKCIPECCUU ITPU PA3JIMYHBIX BUAAX PAKa, YTO
JeNaeT UX aKTyaJlbHOM M CJIOKHOW MUIIEHBIO JUJIsl pacrno3HaBaHus ¢ nomouisro JIHK-
KOHCTPYKIUA. OCHOBHBIE METO/IbI UCCIEAOBAHUS BKIIOYATU MMOTUAKPUIIAMUIHBINA Tellb-
anexktpodopes (ITAAI), konmumuecTBeHHBIM aHanmu3 pacuierieHus PHK Ha ocHoBe
CHEKTPOOTOMETPUU U CTATUCTUUECKUIN aHAJIU3 Pe3yJIbTaTOB.

IHoJ10:keHUs1, BBIHOCUMbIE HA 3AILUTY:

1. In vitro pacmeruienue neneBoid PHK MoeT ObITh JOCTUTHYTO MPH BBICOKHX, HO
HE HU3KHUX KOHIICHTPAIUSAX OHKOJIOTHYECKHX MAPKEPOB 3a CUET J0OaBJICHUS OOJIBIIEro
YuClia CAUTOB CBSI3bIBaHUS MapkepoB B cTpyKTypy JAHK-koHCTpyK1Mii Ha ocHOBE biDz.

2. In vitro pacmennenue neneBoit PHK MokeT ObITh TOCTUTHYTO NIPU BBICOKUX, HO
HE HU3KHUX KOHIICHTPAIUSX OHKOJOTMYECKUX MAapKEpOB 3a CUET J00aBJICHUS OOJBIIEro
4uCcJa CauToB CBs3bIBaHUSI MapKepoB B cTpykTypy JAHK-koHcTpykunu Ha ocHoBe ACO.

3. JHK-KOHCTpYKIIMM Ha OCHOBE JIOTHYECKHUX BEHTWJICH, COJEpXkaIllhe BCe
(GyHKIIMOHATBHBIE AJIEMEHTHI B COCTABE €IWHOW HAHOCTPYKTYPHI, MOTYT PACIICIUISITh
neneByro PHK Tonbko B mpucyTcTBum 3aanHoro Habopa MukpoPHK, uro cootBeTcTBYyeT
noBenenuto Joruueckux onepanuiit AND u INHIBIT GyneBoit ioruku.

4. Jlo6aBnenune PHK-cBs3piBatonux yuactkoB Kk JJHK-korcTpykimu Ha ocHOBE biDz
camwxkaer LOD gns perekuuu BupycHbix JIHK u PHK-ananuToB, cBEpHYThIX B
CTaOUJIbHBIE BTOPUYHBIE CTPYKTYPHI.

5. JloGaBnenue d¢yHkMu goctaBku ¢uyoporeHHoro cyocrpara k  JIHK-
KOHCTPYKIUSIM Ha ocHOBe biDz cHmxkaer LOD nnsa nerekiuu BupycHbix JIHK u PHK-
AHAJINTOB.

6. JHK-xonctpykumm ©Ha ocHoBe biDz, ocHamieHHbIE  HECKOJIbKUMH
KaTaluTUYeCKUMU LieHTpamu aisa paciuersienus PHK, nemonctpupyer Oosnee HU3KHIA
LOD pnst nerexiuun Bupycubix JJHK u PHK-ananutoB o cpaBaenuto ¢ biDz cencopowm,

HMCIOIMMUM TOJIBKO OJHUH KaTaJUTUICCKUM LOCHTP.



CreneHb [0CTOBEPHOCTH HAay4YHbIX JocTHxkeHui. Jlig oOecrieueHus w
MOATBEPKJACHUSI BBICOKON CTENEHH HAJIEKHOCTH B padOTE HCIOIb30BaH KOMILIEKC
COBPEMEHHBIX JKCIEPUMEHTAIBHBIX METOJAOB UCCIEAOBAaHUA M CTATUCTUKU. HayuHble
MOJIOKEHUS], BBIBOJBI U PEKOMEHIAIIMM OCHOBAaHbI HAa aHajgu3€ OOJBIIOr0 KOJIWYECTBA
Hay4YHOU JIUTEPATypPbl U OATBEPKACHBI SKCIIEPUMEHTAIHBIMU TAHHBIMHU.

AnpoGanus wucciaenoBanms. Pesynbratel paOoThl  mpeacTaBieHbl B 18
nyOiauKanusax (CTaTh, TE3UCHI) - 7/ cTaTell BKIIOYEHBI B 0a3bl UTHUPOBAHUS SCOPUS U
Web of Science, 11 Te3ucoB npencTaBieHbl Ha 9 BCEPOCCUICKUX M MEKIYHAPOIHBIX
KOH(EPEHITUSIX.

PabGora BbINOJIHeHa npu noaxep:xkke ¢oHaa crpareruu passutus "lIpuopurer
2030" Yuusepcurera UTMO (Ne 922017) u ITUIT UTMO (Ne 92145).

CoorBercrBHe Tembl TpeOoBaHusiM mnacnopra cnenuaiabHoctu BAK. Pabota
ObLi1a BBITIOJIHEHA B paMKax nacnopta cnenuainbioctu 1.5.4. buoxumus: n. 10 «Pa3Butue
METOJIOB T€HOJUArHOCTUKH, SH3UMOINAarHOCTUKY U HAYyYHBIX ITPUHIUIIOB I'€HOTEPAIINN
1 sH3uMoTepanuu» U .11 "UccnenoBanue npobdiem pacro3HaBaHus Ha MOJIEKYJISIPHOM
YPOBHE, XpaHEHHMS U NepeJaul HHPOpMaLUK B OMOJIOTMYECKUX cUcTeMax".

CTpykTypa u o0beM auccepTramum. TekcT auccepTaluyd H3JIOKEeH Ha 154
MEYaTHBIX CTPAaHMIAX, WUTFOCTpUpOBaH 72 pucynkamu u 10 tabmumamu. Crnmcok
auTeparypsl coepkuT 168 ncrounukoB. Jluccepranus odhopmieHa B COOTBETCTBUU C
oO0muMu TpeOOBaHUIMHU K O(OPMIICHUIO KaHIUIAATCKUX U JOKTOPCKUX JUCCEPTAIIUi,
yrBepxkaeHaasivu B 'OCT P 7.0.11-2011.

JInuHbIi BRI aBTOpa. ABTOp ObUT €IMHOJMYHO UM HEMOCPEICTBEHHO BOBJIEUEH
B MIOJIy4YE€HHE BCEX MPEJCTABIECHHBIX B padOTe pe3yibTaToB. ABTOP JUYHO aHATU3UPOBAII
Y UHTEPHPETUPOBAN JAHHBIE C MCIOJB30BAHUEM CTATUCTUYECKUX METOIOB, ONMCHIBAI
pe3ynbTaThl M OOCYKJal BBIBOJABI M 3aKIIOUEHUS C HAYYHBIM PYKOBOJUTENIEM U

COaBTOpaMHU TP MOATOTOBKE MyOIUKAIUA.
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OCHOBHOE COJAEP XAHHUE PABOTHI
I'naBa 2. MeToabl 1 MaTepHUAJIbI

JKCcIepUMeHTAIbHbIE NPOUeAypPbl. [Ipeockazanue 6mMOpuUYHOU CMPYKMYpPbL.
Bropuunas ctpykrypa ¢parmentoB PHK u ux TepMmoauHamuyeckue mMapaMeTphbl
ompeaensiuch ¢ nomoibio npuiokenus RNA  Folding Form cepsepa MFold.
Temnepatyps! wiaBiaenus mexay PHK-cBa3piBatommmu yyactkamu 1 PHK-Mumensamu
pacCUMTHIBAIMCH ¢ MoMoInbplo npuioxkenus Hybridization of two Different Strands of
DNA or RNA cepsepa DNAMelt MFold. DHepreruueckue mapameTpbl ObLTA BEIOPAHBI
B COOTBETCTBHH C YCJIOBUSAMH dKkcriepumenTa: rudpumusaius JJHK/JIHK npu 37°C, [Na*]
= 165 MM, [Mg?] = 2 MM u KoHUeHTpauuu oimronykiaeotunos: PHK = 1 MxM,
JHK3um/ACO = 0,003 - 0,1 MxM.

Hsmepenue KOHYeHmpayuu OJIUCOHYKNEOMUOO8. CuHTE3UpOBaHHbIE
onmuronykieotuasl (JJHK-Cuntes u EBporen, Poccust) pa3Boauiv Bo10H, CBOOOTHOM OT
HyKJ€a3, 10 KoHueHTpauuu ~ 100 MmxM. M3 ncxoaHoro pactBopa roTOBHIIA HECKOJIBKO
pasBeeHuid W u3Mepssid  (AKTUYECKYH0  KOHIEHTpPAlUI0 € MOMOIIBIO
HaHOCTIEKTpooToMeTpa TpH MHE BOJHBI 260 HM (KO(PUIIMEHT 3KCTUHUIUU ObLI
pacyuTad MpuOOPOM aBTOMATHYECKHU TIPH BBOJIC MOCIIEI0BATEILHOCTH).

Coopka JHK-xoncmpykyuii. DKBUMOJSPHBIE KOHUEHTPALMH  PA3THYHBIX
OJINTOHYKJICOTUI0B B cocTtaBe JIHK-KoHCTpyKIuii cMenuBaM B peakKIIMOHHOM Oydepe
(50 MM HEPES, 150 MM KCI, 15 MM NaCl u 2 mM MgCl,), nepeHocuiu B cTakaH
oobemMoM 500 wmul, 3aMOJTHEHHBIA MPEABAPUTEIILHO HATPETON 10 KUIISTYCHUS BOJOH, U
OCTaBIISJIM HA HOYb JUISl MOCTEIEHHOTO OXJIAXKIECHHUS 10 KOMHATHOW TEMIIEpaTyphl.
Coopky JHK-xoHcTpykuuit mpoBepsiiu aiekrpodope3om (HaTuBHbI [IAAIT wmm
araposHnblii renb) U okpammBanu (Gel red, SYBR Gold wnmmu GpomMucThIil sTuanii) as
BU3YaJIU3ALIHNH.

Cnexmpogomomempuueckuii ananuz. CAHTeTHYeCKUH cyocTpar F_sub, medeHsbrit
dryopodopom (FAM) u racutenem (BHQ-1), Obl1 HCMONIB30BaH B KaUeCTBE peropTepa
CUTHaja npu ooHapyskennn ananutoB. F_sub, JIHK-kouctpykimu u ananutsl (PHK win

JTHK) nakyOupoBamu B peakiinoHHOM 0y(depe ¢ COOTBETCTBYIOIINM KOJTUYECTBOM HOHOB
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maraus (10-200 MM) npu 37°C u 55°C. TloayyeHHy0 (IyOpeCHEHINI0 U3MEPSIIH C
nomoibio ciekrpodoromerpa TECAN npu nune Bostab! 480-525 HM.

Ananuz  pacwennenuss PHK-muwenu. PHK-mumens, JHK-koHCTpykuuu u
OHKOJIOTMYECKHE MapKepbl HHKYOUPOBAIHN B PEaKIIMOHHOM Oydepe ¢ COOTBETCTBYIOIIUM
KoaudecTBOM uoHOB Maraus (2 mMM) mpum 37°C B Tedenme 7-24 4. OOpazen
neHatypupoBanu mpu 95°C B TedeHHne 5 MUH, OXJIGKIAIHU Ha JIbAY B TEUCHHE 5 MUH U
3arpyxaim B AeHarypupyrommil [IAATL'. ['enn Bu3yann3znpoBaiu ¢ TOMOUIBIO CUCTEMBI
ChemiDoc Touch Imaging System u aHau3upoBaIn paciieiicHHe.

Ananuz pacwennenus PHK ¢ nomowwro PHKazwi H. PHK-muiiennb, MeudeHas
¢uryopecuentoit metkoit (FAM), JIHK-koHCTpyKIMHM, pa3iuyHble KOHIICHTPAIIUH
mapkepHbix MUKpOPHK u pexombunanTHas PHKa3a H nakyOupoBanuch B peakIlMOHHOM
oydepe mpu 37°C B Teuenue 20 muH. OOpasen neHarypupoBaau mpu 95°C B TeueHue 5
MHH, OXJIKIAIM Ha JIbYy B TEUCHUE 5 MHUH W 3arpyanu B neHatypupyromuii [TAAT'.
['enu Bu3yanusupoBaiu ¢ nomoripio cucrembl ChemiDoc Touch Imaging System u

aHAJIM3WPOBAIIH MTPOIICHT paclieIieHus B mporpamme ImageLab.
I'nasa 3. Pe3yabTaThl 1 00Cy:KI1eHHE

MouiekyasipHoe KommnbloTHpoBaHWe. beumn  pazpaboransr  Tpu JHK-
KOHCTpYKImu ¢ moporoBoit ¢pynkmmen (YES, 21, 31), KOTOpble aKTUBUPYIOTCS B OTBET Ha
OTpe/IeIICHHBIC TOPOTOBBIC KOHIICHTPAIIMK OHKOJOTHUECKOTo Mapkepa MiR-17 (BxoaHoM
curdast win uHyT). JJHK-koHcTpykiust YES TpeOyer omny monekyny MiR-17 ms
aktuBaruu JIHK-koHCcTpyKInK, 2i — TpeOyeT aBe, a 31 - Tpu. AKTHUBAIUS TPUBOIUT K
(OpPMHPOBAHNIO KATAIMTHUYECKOTO IIEHTPA, KOTOPBIA pacmiermisier cyoctpat F_sub,
BBI3BIBAs TIOSIBJIICHHE (TYOPECIICHTHOTO CUTHaA. [IMK aKTUBHOCTH HAOIIOJANCS TIPH
koH1eHTparusax miR-17 paBubix 10 HM, 20 1M u 30 1M nns koucTpykuit YES, 21 u 31,
cootBeTcTBeHHO (Puc. 1), ¢ wactotoit o6opoToB 8,1 u~ ', 9,8 u~ ' 1 9,7 u~ '. TecTsl Ha
CEJIEKTUBHOCTb MOATBepAnIH, 4To MiR-20 (¢ 2 HyKICOTUAHBIMU HECOBIIAJICHUSIMU) HE

BBI3BIBACT aKTUBAIIMH, YTO eMOHCTpupyeT cnenuduanocts JJHK-korCcTpyKIIMii k miR-

17.
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Hanee, PHK-cBs3piBaromue ydyactku YES, 21 u 31 6putn Hanenensl Ha PHK-46
rena DAD-1. [Tuk akTHBHOCTH pacIIeIUICHHs JOCTUTAJICS, KOTa KOHIIeHTpanus MiR-17
Obli1a paBHa WM npebimaina KouteHTpanuio JJHK-konctpykiuu: 100 1M miist YES, 200
HM mna 21, 300 HM s 31 (Puc. 2). OnHako, upe3MepHblid YpOBEHb KOHIEHTPALIMH
BXOJ/IHOTO CUTHAJIa CHIDKAJI aKTUBHOCTH paciierieHus PHK-mumenu, aro moguepkuBact
HEOOXOIUMOCTh B OOBCIUHCHUH WHAWBUIyAIbHBIX oOJUroHykjaeoTuaoB JIHK-
KOHCTPYKITUHU B OJTHY HAHOCTPYKTYPY JUISI PEIICHHsSI TPOOIEMbI TaACHUS aKTHBHOCTH TIPH

BBICOKHUX KOHICHTpAIUAMX BXOJHOI'O CUTHAJIA.

26 5
24 4
22 3 2i (miR17)
20 4
18 4
16 §
14 4
12 §
10 4
8 3

3i (miR17) 1
YES (miR17)

S/b

YES (miR20) 2i (miR20) 3i (miR20)

S N =
.\..

0 5 10 15 20 25 30
miR-17 (nM)

Puc. 1. TectupoBanue cenekruBHoctu J|HK-koncTpykuuii Ha ocHoBe biDz B mpucyrcBuu
celeKTUBHOrO Mapkepa MiR-17 wiu HecenekTuBHOro MiR-20 ¢ HECOBMAACHUEM JIBYX HYKJICOTHJIOB.

S/B — oTHOIIEHHE CUTHANA K OHY.

1 2 3 4 5 6 7 8 9 10
———— - ———— o +— RNA-46

B0z | = T & 3 & & - — o S| «— F24

W ————— -
DTh-2i —

TR W ——— " — —
DTh-3i

RNA46 0 25 50 75 100 150 200 300 C+

DTh-2i
= . DTh-3i

Dz actvity

Normazed

Puc. 2. Pesynbratel pacuemienust muiienu PHK-46 (1 mxM), xotopyto uakKyoupoBaiu ¢ 100
HM YES, 2i, 3i ¢ pa3znuunHbiME KOHIIeHTparmssMu miR-17 B Teuenue 24 4 ipu 37°C. [Tuku pacieruieHus
PHK-mumienn st YES (biDz), 2i (;iu DTh-21) u u 3i (i DTh-3i) npunniucs Ha 100 HM, 200 #M u

300 #M xonnenTpanuu miR-17, ¢ wacroroit o6oporos 1,17 u-!, 1,28 u-! u 1,07 4-', COOTBETCTBEHHO.
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Ounenka 3¢ dexruBaoctn pacmensenns F_sub u GFP PHK-60 ¢ momombio 5i
JIHK-koHcTpykumnu ¢ noporoBoii ¢pynkumeii. boumm pazpadotanst JJTHK-koHCTpYKITNH
¢ noporoBoii pyuknueii (2i-DTh, 3i-DTh, 5i-DTh) mist aktuBaiuu paciierienus F_sub
B nipucytrctBur MIR-92. [Tnst akruBamuu 2i-DTh, 3i-DTh u 5i-DTh tpeOyercs nse, Tpu u
Th MOJIEKY MiR-92, COOTBETCTBEHHO, YTOOBI PACKPYTUTh HHTHOMPYIOUIHE METIH U
3aTeM OOBCIMHHUTH KATAIUTUYCCKUN IICHTP, MEPEBEIA €ro B aKTUBHOE COCTOSHUE, IS
pa3pe3aHus cyocTpara u reHeparuu GJryopeciieHTHOTO CUIHAJA.

dnyopeciieHIHs U3MEPsUIach MOCIIC HHKYOAIMU ¢ Pa3IHUYHBIMUA KOHIICHTPAITUSIMU
miR-92. Yes, 2i-DTh, 3i-DTh u 5i-DTh mpoaemoHcTprpoBanu runepOOInYecKUe
(byopeclieHTHbIE OTBETHI, C MMKOBBIMU 3HAUCHUSIMU akTUBaluu ripu 10 1M, 25 uM u 35
HM MIiR-92, cootBercTBeHHO. [{ist aktuBaruu 5i-DTh TpeboBaniock msath Mosekya miR-
92 (Pucynoxk 3). ITopor akTuBaruu coctaBisii 1.5 HM, 5 HM, 7.5 HM u 22.5 1M miR-92
mis Yes, 2i-DTh, 3i-DTh u 5i-DTh cooTrBeTcTBeHHO, YTO MOATBEPAUIO OPOTOBYIO

dynkuuro JJHK-koHCTpYKIIHiA.

10000 7 ¢ " Yes
. e Th2
8000 4 s Thai
A 1 s ThS
T 4 o ® n "t
. . ®
6000 . t % a
5 °
P | e
® 4000 4 S »
- T .o ° .
g et onse @ccccscnss ke eass s s T reanap s e e s oy
2000‘ pri et - ] . {
0 T
0 20 40 60 80 100

Puc. 3. Pesynbrarsl cniekrpodoromerpun. F-sub (200 mxM), JHK-koucTpykiuu (10 HM) u

pasnuuHble KoHIeHTpanuu miR-92 (ot 0,1 HM 1o 100 HM) unky6uposanu npu 37°C B Teyenue 1 d.

JIHK-koucTpykiuu ¢ moporosoit ¢pynkuueir BiRDz (Yes), 2i-DTh, 3i-DTh, 4i-
DTh u 5i-DTh 6sutn npotectupoBans! aiist pacuieruieHuss PHK GFP (RNA-60) B Oydepe
¢ 2 MM Mg?" | umutupyomeM (GpU3HOIOrHYECKHe YCaoBUsA. [IpOIYKThI pacHieIICHUs
neneBoit PHK BusyanusupoBamu ¢ momoinbio aeHarypupytomiero ITAAIT (Puc. 4).
Pacmieruienue Ha0MI01a0Ch IpH 00JIee HU3KKMX KOHIIEHTparusax miR-92 mist 2i-DTh, 3i-

DTh u 4i-DTh, Torma xak g aktuBaruu 51-DTh tpedoBamocs 300 HM miR-92, gto
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noarsepauino sddextuBHoe HanenuBanne PHK u moporoByro (QyHKIMI0 3THX

KOHCTPYKITUH B YCIIOBUSX, OJIM3KUX K (DU3UOJIOTHUCCKIM.

miR-92, nM >

3i-DTh

T ———————————
5i-DTh

Puc. 4. Pesynbratel pacumerenus PHK-60 (1 mxM) JIHK-kouctpykuusamu (100 HM) mpu
KoHIeHTpanusax miR-92 (ot 25 go 1000 M) ipu 37°C B Teuenue 24 4. Peynpratsl pacmeruienns PHK

B neHarypupytomeM [TAAT, rne RNA-60 — He pacmieruiennsii cyoctpat, F27 — mpoayKT paciienieHus.

Ounenka 3¢ ¢dexTuBHocTH pacmerieHuss F-sub u ¢gparmenra MPHK DAD-1
(PHK-46) wu ceaxekruBHocTH JIHK-koHCTpyknmMii ¢ m1OporoBoii (yHKIMEN.
[Ipeabinymue OuHapHble kKoHCTpykKumu DTh umenu orpanuyeHwe, mnpu KOTOPOM
OTJIETIbHBIE OJIMTOHYKJICOTHIBI B cocTaBe KOHCTpykumit (Dza m Dzb) wactuyno
TMOPUIN30BAUCH C OOJIBIIMM KOJIMYECTBOM MOJIEKYJI MapKepa B YCIOBUSIX €ro U30bITKA,
YTO TPEMSTCTBOBAJIO OOpPa30BaHUIO AKTUBHOTO KATAJUTUYECKOTO IIEHTpa W,
CJIeIOBAaTENbHO, CHIKAJO aKTUBHOCTh pacilierieHus cyocrparta. beuto pemieHo
peoOpa3oBaTh 3TH KOHCTPYKIMH B KomiuiekcHble JJHK-accormanmu (Th-DNMS) nyrem
00beIMHEHUSI CBOOOJHBIX OJUTOHYKICOTHAOB eauHbiM JIHK-ckadongom, YToOBI
YIAY4YIIUTh KOOMEPATUBHOCTh W MPEAOTBPATUTH pacmlaj KaTaJTuTUYECKOro IEHTpa MpH
BBICOKHX KOHIIEHTpALMSAX MapKepa, a TaKkKe YyBEIWYUTb CKOpOCTh peakuuu. [JHK-
ckadong ynepxuBaer Dza m Dzb B HemocpencTBeHHOW OJIM30CTH APYr OT ApYTa,
oOecrieunBasi 6oJjiee BHICOKHE JIOKATbHbIE KOHLIEHTPAIMU OJUTOHYKICOTHIOB B COCTaBe
koHcTpykiuu. Konctpykmuu Th-DNM-21 u Th-DNM-3i, TpeOyromine coOTBETCTBEHHO
IBYX W TpEX BXOIHBIX Mojekyn, wucnoub3ytor JHK-ckadonng mms oOnerdeHus

paspes3aHusi cyocTpaTta U BHICBOOOXKAEHUS (DIIyOpECIIEHTHOTO CUTHAJIA.



14

st nemonctpanuu yauepcaibHocTu JJHK-koHCTpyKIIMKM ObUTH aganTHUpOBaHBI
s paspesanus PHK-46, komupytromein nocnenoBarenbHocth DADI1. KoncTpykiuu
DNM-46, Th-DNM-2i-46 u Th-DNM-3i-46 6wu1u nporectupoBanbl ¢ miR-17 (0-1000
HM) u PHK-46 (1000 1M). B mpucyrctBun 100 1M JIHK-KOoHCTpyKIIMK MakcuMaibHas
axtuBarus pacmerieHus: PHK mabmronanacs npu konnentparusax 100, 200 u 300 €M
MiR-17 gt DNM-46, Th-DNM-2i-46 u Th-DNM-3i-46, cOOTBETCTBEHHO, CO CKOPOCTHIO
pacmeruieanst PHK 0,580 aM/mun, 0,601 HEM/musH u 0,578 1M/Mun (Puc. 5). I[Toporoseie
KOHIICHTPAIIMH JIJISI aKTUBAIIUU COCTABIISIIA MIPUOIU3UTENbHO 2 HM, 25 HM u 55 HM s
DNM-46, Th-DNM-2i-46 u Th-DNM-3i-46, cOOTBETCTBEHHO.

[Ipu cHmwkeHHbx KoHIeHTparusax JHK-konctpykmuii (3 M) (Puc. 6)
MaKCHUMaJlbHas akTHBalus mpoucxomwna npu 3, 6 u 9 HM miR-17 nmna tex xe
KOHCTpYKIUH, co ckopocThio pacuerienuss PHK 0,012 kM/mun, 0,014 eEM/mun 1 0,020
HM/muH. Th-DNMs npoieMOHCTPpUPOBAIA CTAOWIBHYIO pabOoTy MpU U30BITKE MapKepa,
nokasbiBas 3¢ dexTuBHOE pacrozHaBanue W pacmierienue PHK maxe npu Hu3kux

koHueHTpauax JHK-koncTpykium.

RNA-46 80

DNM = Th-DNM-yes-46
o Th-DNM-2i-46

A Th-DNM-3i-46

@
t=]
1

s
o
N

Th-DNM 2i

RNA-46 Cleavage (%)

L
{
I
I
I
I
[
[
|
I
g

Th-DNM 3i

T ——————— 7. bbbl el st

12 34 56 7 8 910 1 121314 15 0 160200300400 500 600 700 800 900 1000

miR-17 Concentration (nM)

Puc. 5 Th-DNM-3i-46 ¢ [IHK-ckaponmom (T3). Pesymbrarel snekTpodopesa B
nenarypupyomem I[TAAT. PHK-46 (1000 vM), JHK-xonctpykuuu (100 HM) npu pasauuHbIX
KoHIeHTpauusax miR-17 nnkyouposanu 24 4 npu 37°C. RNA-46 — HepacuienieHnsslii cyocrpar, F24-
npoaykt pacmerienus. ['padpux pacmemnenus PHK-46 ¢ momombto JIHK-koHcTpykuumii B

MPUCYTCTBUU Pa3IUYHBIX KOHLIEHTpauuid miR-17.
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R = G w Zs = Th-DNM-yes-46
Sw S =332 EETwnC Th-DNM-2i-46
='\va=m:CN\n®(\i°+ ® Th- -2l
I OO =~ NN O & © O v « v N O RNA-46 5] A Th-DNM-3i-46
(T T T LT L LR
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- — o i ol E
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12 34 56 7 8 91011 121314 15 miR-17 Concentration (nM)

Puc. 6. Pesynmbratel pacmeruienus PHK-46 (1000 aM) ¢ momometo JIHK-koHCTpYKIHit
moporoBoit pynkmueii (3 HM) ¢ pa3nuuHOl KOHIeHTparuei miR-17 mocne nnkydanuu B TeueHue 24 4
npu 37°C. Pe3ynbraThl anekTpodopesa B neHarypupyromem [TAAT, rne RNA-46 — HepaciiernieHHbIN
cyOctpar, F24- nponykt pacuierienus. I'paduk pacuierienus PHK-46.

Onenka »>¢dexkTHBHOCTH pacmenjennsas F-sub ¢ nmomompbio JHK-
KOHCTPYKIMII HA OCHOBe JIOTHYeCKHX BeHTWieil. beumn paspaboransl mects JHK-
KOHCTPYKIIUA Ha ocHoBe Jornmueckux Bentuiei: YES, 2IAND-A, 2iIAND-B, 3iAND,
2iINHIBIT, 3iINHIBIT. Co6oanbie onuronykieotusl B coctaBe JJHK-koHCTpyKIINin
obun mpukperieHsl k oomemy JIHK-ckadonay ais moBbIeHHUsS KOONEPATUBHOCTU U
o0ecrieueHus CTPOroro peryJIupoBaHus B 3aBUCUMOCTH OT BXOJIHBIX CUTHAJIOB.

Jlimaa F_Sub-cBsi3piBarommx yd4acTKOB ObLTa ONTHMHU3HMpPOBaHa 10 9 um 7
HykineorunoB s Dz_a u Dz_b, coorBercTBeHHO, 4TO ynmydmmino (ayopecleHTHBIH
Beixoano# curHan npu 37°C. Jloruueckue Bopota YES, 2IAND-A, 2iIAND-B, 3iAND,
2iINHIBIT u 3iINHIBIT (100 HM ) ObIiI IPOTECTUPOBAHBI ¢ KOHIICHTPAITUECH BXOTHBIX
mosiekynn 100 HM u dayoporennoro cybcrpata 200 HM B peakuuoHHOM Oydepe.
dnyopectennus umepsiack crnycts 1 1 mpu 37°C. YES mokasanu oTHOIIICHHE CUTHAja
K ¢ony 4,58 = 0,36, uTo ykas3plBaeT Ha COOTBeTcBUE akTuBHOCTH dToM JIHK-
KOHCTPYKIIUU 3alpOrPaMMHUPOBAHHOMY aJTOPUTMY B COOTBETCTBHU C TaOJIHIICH
uctuaHoctd. 2IAND-A u B, a takke 3IAND mnpomeMOHCTpUpOBaIM OTHOIICHUS
HMCTUHHOTO CUTHAJIA K JIOKHOMY, C¢ mokazarensimu 3,00+£0,34, 2,3+0,8 u 1,73+0,06 Ha
pasMYHbIX BpeMeHHbIX HHTepBasaXx. Bee JIHK-mormueckue Bopora, BKjIrouas 21 u
3iINHIBIT, cooTBeTCTBOBaIM TEOPETHYSCKUM MPEACKA3aHUSAM COIJIACHO TaOJIHIIe

uctuaHocTd. OnHako Bopota INHIBIT mokazanu nmonHyro OTMEHY aKTMBHOCTH MOCIIE
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YBEJIMYEHUSI KOHIICHTPAIIMKM WHIHOUPYIOIEro BXOIHOTo curHaia (input 4) B 2 u 3 pasa

(Puc. 7).

A) YES gate B) 2iAND-A gate
input 1 input 1
tput . output
input 1linput 2|output
0 0 0
o | o | 0o Lo o
1 0 0
0 1 00 o1 10 11
YES gate with input 2iAND-A gate with inputs
C) 2iAND-B gate D) 3iAND gate
input 1 4000 input 1
inplﬁ»_':>ﬁipul :;p:{% ) output
3000 P
input 1[input 3|output 1 input 1]input 2linput 3[output|
0 0 0 0 4] 0 0
0 i 5| 37 0 0 1 o
1 ) ) u 0 1 0 0
1 0 0 0
o 1 0 1 0
0 01 10 11 1 1 0 0 SRS S
2iAND-B gate with inputs | I T T | 3IAND gate with inputs
E) 2iINHBIT gate F) 3iINHIBIT gate
input 1 tput - : ot tput
mputs] PP 2500 inpd] " outpu

input 1|input 4| output 2000
0 0

input 1/input 3/input 4 |output
) ©

] 1] 0 0

> 1500
E

1

0 0
Lt [ 1+ [ o |

“ 1000

500

=|=lolole
olo|=|=lo
ololo|o|e

1
0
1
0
1

3
00 01 10 11x2 fed

SRS P
SilNHIBIT gate  with inputs

o

2i INHIBIT gate with inputs 1 1 1

Puc. 7. Cxembl JOrMYEeCKUX OINEpalyii, TaOIUIIBI ICTUHHOCTU U PE3yJbTaThl pacuieryienus F-
sub st JHK-koHCTpYyKIIMii Ha ocHOBE Joruueckux BeHtuie: 100 M JTHK-koHCTpyKIMK CMeIMBaIn
¢ 100 aM Bxoanbix curnanoB (MukpoPHK) u 200 1M F-sub, unkyouposanu npu 37°C B TeueHue 1 .
Hanmuuune dayopecrieHiny ykasbiBaeT Ha pacineruienne F-Sub - BeixogHo# curHanm 1 m orcyTcTBHE
¢dyopecueHIIMM - BBIXOAHOW curHan (, BBIIE WJIM HIDKE IOpOTa, YCTAHOBJICHHOTO KakK TPH
CTaHJAPTHBIX OTKIIOHEHUs BhIle (hoHoro 3HaueHus. A) YES mnokasain otHomeHne curaana K Gony 4,58
+ 0,36 pa3. B-D) 2iIAND-A, 2iAND-B u 3iAND nemMoHCTpHpOBalii COOTHOIICHHE CHTHANAa K (OHY:
3,00+0,34 (7-50 mun), 2,3+0,8 (5-15 mun) u 1,73+0,06 (4-16 mun), coorBercrBenno. E) 2iINHIBIT
MOKa3ajl COOTHOIIeHUe curHana kK ¢ony 1,73+0,06 (6-8 mun), yBenuuuasch a0 3,22+0,12 (6-60 muH)
NpY YABOCHHUU KOHIEHTpaluu 4-ro BxoaHoro curHaia (input 4). F) 3iINHIBIT nokasan cooTHomeHne
curHaia k ¢ony 1,72+0,06 (mo 30 mun), yBenuuuBasich g0 3,00+0,06 (1o 1 4) mpu yaBoeHuu
KOHIIEHTpauuu input 4.

TectupoBanue 3¢pPpexrusnocTu pacumenienus J{HK-koHcTpyKUMii HA OCHOBE
AHTHCMBICJIOBBIX OJUTroHykjJeoTtunoB (ACO). beumn paspaboranst tpu JIHK-
KoHCcTpykimu Ha ocHoBe ACO: BIASO, 2i-A Th wu 3i-A Th, kotopsie
MIPOJIEMOHCTPHPOBAIIM Pa3IMYHbIC MPO(UIM AKTUBAIMK B OTBET HAa KOHIICHTparuu MiR-
17. BIASO moka3ai runepoonyecKy0 akTUBHOCTD C TUIATO MPH KOHIICHTPAILIUSX BBIIIE
50 HM, mocturas mMakcumanbHOW aktuBaruu npu 50 HM miR-17. 2i-A Th u 3i-A Th

MMPOACMOHCTPUPOBAJIM CUTMOHUAAJIBHBIC KPHUBBIC daKTUBALIMK C ITIOPOraMu aKTUBALIUU ITPHU
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7,5 1 39,5 ’M miR-17, coorBercTBeHHO. MakcuManbHasg aktuBanus 11 21-A Th u 3i-A
Th wabmonamace mpu 100 u 150 HM mIR-17, cooTBeTCTBEHHO. DTH PE3YJIbTATHI
MOKa3bIBAIOT, YTO TIOPOTOBBIE MEXAaHM3MBI MOTYT J(PGEKTUBHO MOIYTUPOBATH
akTUBHOCTH paciuerieanss PHK B mupokom auamnasone konmnentpaiuii miR-17 (Puc. 8).

30

BIASO 4
25 - BT
. S 4
S >
& 20 - e
© /
>
3
S 154 v 2i-ATh _
< A —q
& i
a 10 A
5 /1 /"‘,
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026 75 39.5 50
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354
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£ e
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€, / SaaESS
o {
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5 104 i A 3i-ATh
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Threshold
T )
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miR-17, nM

Puc. 8. TecrupoBanue JIHK-xonctpykmuii Ha ocHoBe ACO ¢ mnoporoBoit (¢yHKIHEH.
Pacmennenue PHK-60 (1000 HM) ¢ momomibto PHKa3er H (0,5 U) B mpucyTcBUU TOTHYECKUX BEHTHIICH
(50 HM) B TUpUCYTCBUHU pPa3IMYHBIX KOHIEHTpamuid MIR-17 B Teyenume 20 mmu npu 37°C.
KonnuecTBeHHas olieHKa TpeX SKCIIEPUMEHTOB I10 pacileruieHnto 1 3¢ dexktuBHoCTh pacierienus PHK
GFP (%) npu pa3nuuHbx KoHIeHTpanusx miR-17 (0-500 uM).

CnexrpodgoToMeTpUYECKUII aHAJIM3 M ONpedeJieHHe Tpeaea o0HapyKeHUs!
cunternyeckoro JJHK ananura SARS-CoV-2 ¢ momompbio JAHK-koHCTpyKIMid.
Xorts bunapubie biDz 1eMOHCTPUPYIOT EPCIIEKTUBHBIE PE3YJIbTAThI, OHU CTATKUBAKOTCS
C TpyaHOCTAMH mnipu padbote ¢ anuHHbIMU PHK-ananutamu u3-3a ux CTaOWIBHBIX
BTOpUYHBIX CTPYKTYp. JIHK-koHCTpyKIIMA ¢ yeTbippMs yuyacTkamu cBsisbiBaHus PHK
(4DNM) ynyumiaer cpoiictBa biDz, momoras packpydnmBaTh BTOPHYHBIC CTPYKTYPHI
PHK. Otu pgononnutenbHble ydyacTku coenuHenbl ¢ JIHK-ckadongom, crabunmzupys
rubpuanzanuio JJTHK-kouncTpykiuu ¢ neneBoit PHK u moBeimas 4yBCTBUTENBHOCTD K
ananuty. Ilocne TecTMpoBaHMsS KOHCTPYKIIMM Ha cuHTeThyeckoM ¢parmente JIHK

aHanmuTa U onpezeneHus npeaena ooHapyxkenus (LOD) 8 1 M, 4ADNM u npocroit BiDz
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ObLIM MpoTecTUpoBaHbl Ha BUpycHO PHK, n3BneuéHHol n3 HHPUIIUPOBAHHBIX KJIETOK.
Pesynbpratel nokasanu oonapyxkenne BupycHoit PHK Tonbko ¢ ucnonszoBannem 4DNM
(Puc. 9). Kpome toro, 4DNM mnpomeMOHCTpHpPOBaI BBICOKYIO CEJICKTUBHOCTD,
o6napyxuB Toibko PHK SARS-CoOV-2, u He mokaszan AETEKTHPYEeMOro CHUTHajga ¢
BupycHoit PHK OC43. TectupoBanue Ha KIMHHYECKUX oOpa3iax BeiABHIO, uTo 4DNM
YCHENTHO O0HAPYXWI 5 U3 9 MOJOXKUTENIBHBIX KIMHUYECKUX 00pas3ioB ¢ SARS-CoV-2,

noarBepxkaEHHbIX TP (Puc. 10).

a)

900 3

N I
T Sop.4 -I— I No analyte
5 1003 CoV2 RNA
o 600 3
8 500 3
c 400 3
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g 200 3
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Puc. 9. 4DNM cenexruBHo o0HapyxuBaeT CoV2-RNA. A) Tectuposanue 4DNM u BiDz ¢ 125
nM CoV2-RNA unu B ee orcyrctBun. F-sub (200 HM) unky6uposanu ¢ BiDz (20 1M Dza, 5 HM Dzb)
wi DNM (20 HM Dza, 5 HM xommuiekca T1/T2) u 3,8 x 1079 monexkyn CoV2-RNA unu OC43-RNA B
peakimoHHoM Oydepe. Diyopecteniuto mpu 517 um (Aex = 485 um) peructpuposainu uepes 1 wim 3 u
unky6auuu npu 55°C. (B) CenexruBrocts 4DNM B npucyrcteuu 3,8 X 1079 monekyn CoV2-RNA win
OC43-RNA (125 nM).
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Puc. 10. O6Hapy>xenue BupycHoro PHK-ananura B kimHUYecKnX oOpasnax ¢ momomipio 4DNM.
Bce o6pasmner comepxanu F-sub (200 HM) u 4DNM (20 eM Dza u 5 uM xommiekca T1/T2) B
peakimoHHoM Oydepe, uHKyOupoBamu mpu S55°C B Teuenue 3 4. [lomokuTenbHBIH KOHTPOIH
(mocnemuuit cromber) coaepxkan 20 nmM cunTeTmdeckoro ananmuta CoV2-DNAL. Usmepsnu



19

¢nyopecuenuio mpu 517 HM (Aex = 485 HM). JIeBATh MOJIOKUTENBHBIX U MATH OTPULATEIBHBIX
obpasuoB CoV-2 ot 14 uenosek 6bputn noaTBepkIeHB MeTo10M RT-qPCR ¢ yka3aHHBIMU 3HAUEHUSMH
Ct. 3nauenus Ct: 6-20.4; 7-21.0; 8-21.8; 9-22.0; 10-22.9; 11-24.2; 12-25.5; 13-25.9; 14-27.7. O6pa3usl
1-14 OpuM M3MeEpeHbl OAWH pa3 Il oOecleueHUss MaKCUMaJIbHOW KOHIeHTpanuu BupycHoi PHK,
HOATOMY CTaHJIAPTHBIC OTKJIIOHEHHUS OTCYTCTBYIOT. CTaHIapTHBIC OTKJIOHEHUS ISl OTPHLATEIHHOTO (-)
U TIOJI0KUTENBHOTO (+) KOHTPOJIS IOJIY4EHBI B PE3yJIbTaTe TPEX HE3aBUCUMBIX U3MEPEHHH.

Cnexrpodoromerpunyeckuii  aHaim3  JHK-koncrpyknmm  (HDNM),
OCHAIIIEHHOM 3JIEMEeHTOM /I0CTABKH cy0CTpaTa «KpHOYKOM» HauejJeHHoii Ha COV2-
DNAI1, u oonapy:xkeane PHK SARS-CoV-2 cpean toranbhoii PHK, BblaesienHoii u3
uHuupoBaHHbIX KJIeTok Vero. JIHK-kouncrpykuus ¢ kproukamu (HDNM) ocHariena
JHK-cxadongom (T1, T2, T3) u AByMs KproukamMu, KOTOPbIE MOTYT CBSI3bIBaTh A0 TPEX
mosiekynn F-sub kaxknmas. HDNM paGoraer ontumansHo npu 55°C, mnoBbimas
4yBCTBUTEIBHOCTh 0OHapY>keHus npumepHo B 180 pa3 no cpaBHenuto ¢ 4DNM, ¢ LOD

0,025 M mocite 3 4 mHKyOaruu (Tadmmmna 1).

Jlns Gonee riyOokoro wuccieaoBanus Bo3MoxHocTed JIHK-ckadonmos Oblna
paspaborana MDNM, koTopass HHTEIpUPYET HECKOJIbKO KATAIUTHYECKUX IICHTPOB B
OJIHOM HAHOCTPYKTYype, BKIIto4uas oiauronykieotuasl T1, T2, T3 u T4, a Takke 4eThIpe
cBoOomubeix oymronykieotuna AlO, A20, A30, A40, kak dYacTh KaTAIMTHYECKOTO
IIEHTpa. DTOT AU3aiiH yiaydiaeT oOHapyXKEHHUE OJHOM MOJIEKYJIbl aHAJIUTA U MO3BOJISET
TCHEPHUPOBATh OJTHOBPEMEHHO 4 CHUTHAJIa B IPUCYTCTBUH OJHOTO aHAINWTA. BKiIFOUeHHE
nomoaHUTENbHBIX PHK-CBSA3BIBAIOMMX y9acTKOB YJIydIlaeT pacKpyYMBaHUE JTHHHBIX
dbparMeHTOB  aHanmuTa, TeHepauuio  (GIYOpEeCIeHTHOr0 CHTHajga U OOIIyro
gyBcTBHTEIRHOCTE ¢ LOD 0,3 M nocie 3 yacoB unkyOanuu (Tadnwuma 1).

Ta6auna 1. Cpasaenue LOD s pazmuunsix JJHK-koHCTpyKIHiA

Haspanue /IHK-koHcTpyK1Inu LOD, 1 4 LOD, 3 4
BiDZ - 10 pM
ADNM nna IHK ananura 10 pM 1pM
ADNM g PHK ananura - 26 pM
HDNM nnsa IHK ananura 0.063 pM 0.025 pM
HDNM nns PHK ananuta 26 pM 2 pM
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MDNM nnsa JIHK ananura 2.6 pM 0.3M

MDNM nna PHK ananuta 28 pM 5pM

Oto uccnenosanue npoasuraetr JJHK-nanorexnonoruu, ocoOeHHO B pa3paboTke
aBToHOMHBIX JIHK-HanopoOoToB. Ha naHHBIE MOMEHT BPEMEHU HKCIEPUMEHTHI C
ucrnionb3oBanueM JIHK-koHCTpyknmii B KMBBIX KJIETKaX HE MPOBOAWINCH, M BCE
NPEJCTABIICHHBIE PE3yJbTAThl KACAIOTCS HCKIIOYHUTENBHO IN VItr0 SKCIepruMEHTOB B
oeckieTouHoit cucteme. OnHako, 3PpHEeKTUBHOCTh U PYHKITMOHUPOBAHUE KOHCTPYKIIUM,
MIPOJIEMOHCTPUPOBAHHBIE B ATUX YCIOBHSX, SBJIAIOTCS BayKHBIM IIArOM K X BO3MOXKHOM
MPUMEHUMOCTH B KJIETOYHBIX cucTeMax. JlanbHeilline uccieqoBaHus B KIETOYHBIX
MOJIESIX HEOOXOOUMBI JI MPOBEPKU OMOJIOTMYECKONM aKTUBHOCTU M CTaOMIBHOCTH
KOHCTPYKIMH B YCIIOBUSX JKUBBIX KIETOK. [loTeHUManbHblE TPYJHOCTH, TaKUE Kak
JOCTaBKa KOHCTPYKIM B KIETKM, YCTOWYMBOCTH K KJIETOYHBIM HyKJ€a3aM U
B3aUMOJEHCTBUE C BHYTPUKJICTOYHBIMU  MOJEKyJaMHu, O€3yCIOBHO, TpeOyroT

JOTIOJIHUTEIIBHOTO U3YUYEHUS.
SAK/TIOYEHHUE

1. Pazpaborano 21 JIHK-koucTpyKImii Ha ocHOBe OuHapHbIX JJHK3uMoB (biDz) u
3 JIHK-xoHCTpyKIMiT HAa OCHOBE aHTHCMBICIOBBIX onuronykiaeotuaoB (ACO). JJHK-
koHcTpykiuu BiRDz, 2i-DTh, 3i-DTh, 4i-DTh u 5i-DTh akruBupoBanu pacuierieHme
PHK-mumenn npu konueHtparmu MiR-92 pasnoit 0.25, 20, 80, 90 u 190 HM,
coorBeTcTBeHHO. JIHK-koHCTpYKITNHN, MMetomue B cBoeM coctabe JIHK-ckadomn, Takue
kak DNM, Th-DNM-2i-46 u Th-DNM-3i-46, aktuBupoBaymce npu 2, 25 u 55 1M miR-
17, coorBerctBenHo. JIHK-koHncTpykiuu BiASO, 2i-A Th u 3i-A Th akruBupoBanucek
npu KoHueHTparuu MIR-17 pasHoit 2.6, 7.5 u 39.5 HM, coorBercBeHHo. I[lopor
KOHILICHTpauu OHKoMapkepHblx MHUKpOPHK mnga  axtuBanmm JIHK-koHCTpyKImMii
3aBucesn or KosmuectBa MHUKpOPHK-cBssbiBatromux ywactkoB B cocraBe JIHK-
KOHCTPYKLIUH.

2. Pazpaboranbsr 12 JIHK-koucTpyknmii Ha ocHoBe biDz, comepkammx Bce
(GyHKIIMOHATBHBIC OJIMTOHYKJICOTUIBI, TPUKperuieHHbie kK omHoMy JIHK-ckadonny u

paboTaroiue no npuHuny jorundeckux BeHtwien. JJHK-kouctpykuuu YES, 21IAND-A
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u 2iAND-B nemonctpupoBamu pacmieruienue PHK-mumenn ¢ cooTHomeHueM
curHar/pon 80.4, 10.3 m 39.2, coorBerctBeHHO, mocie 7 4 wmHKyOammu. JIHK-
koHcTpykiuu 31AND, 21INHIBIT u 3iINHIBIT nemonctpupoBanu pacmerienrne PHK-
MUIIIEHH C coOoTHOIIeHueM curdain/¢onl18.3, 4.3, 3.9 u 26, COOTBETCTBEHHO, Mociie 24 4
unkyoauuu. JIHK-xonctpykmmu 21INHIBIT wu 3iINHIBIT mnokasanu momHOe
MHruoupoBanue pacieruienuss PHK-mumenu mocie mo0aBieHus oHKocympeccopa MiR-
7 B KOHUEHTpAaI1K, NpeBblmatonieil konnenTpauuto camod JIHK-konctpykuuu B 1 u 2
pasa, COOTBETCTBEHHO.

3. beutn paspabotansl 3 JIHK-xoncTpykiuu jis oOnapyxenus JJHK u PHK
agaimutoB  SARS-Cov-2.  JIHK-xonctpykmuss 4DNM,  ocHameHHass — JIByMst
nononaHuTenbHbIMU PHK-cBsi3bIBatOnMMN  ygactkaMu, MpoOJAEMOHCTPUPOBANIA TIpees
obonapyxenust (LOD) paBubiii 1 M cunatetrueckoro JIHK anamwura, uyto 20 pa3 Hibke
yem biDz mocne 3 1 uakyOanuu. LOD nns PHK ananuta coctaBmiio 26 nM nocne 3 4
uHKyOanuu, Toraa kak biDz we cmor oonapyxuts PHK. JIHK-kouctpykimss HDNM ¢
¢dyHkImen nocraBku cyoctpara nokazana LOD pasnoe 0,063 M u 0,025 oM nocrne 1 u
3 4, coorBercTBeHHO. LOD mna PHK-ananura cocraBmwio 26 u 2 oM mnocite 1 u 3 4,
cootBercTBeHHO. [IHK-konCTpYyK1IIss MDNM ¢ 4eThipbMs KaTaTUTUYECKUMHU IICHTPAMU
nokasana LOD mis cunretnueckoro /JIHK ananura 6.5, 2.6 1 0.3 ntM nocie 0.5, 1 u 3 4,
coorBercTBeHHO. LOD mis PHK-anmamura cocraBmio 28 mM u 5 M nociie 1 u 3 v,
COOTBETCTBEHHO, W IOKA3bIBAECT YJIYUYLIEHHE YyBCTBUTEIBHOCTH, Tak Kak 4DNM He
oOHapy>xuBana supycuyo PHK nocne 1 1 uakyo6aruu.

PexoMeHnIanum ¥ nepcneKTUBDI JajIbHelel pa3padoTKku TeMbl. Pe3ynbTarsl
JUCCEePTALIMOHHON pabOThI MOTYT OBITh MCIIOJB30BAHbI B Pa3pabOTKe JTUArHOCTUYECKHUX
U TEPANEeBTUYECKUX MOXOO0B /I OHKOJIOTHYECKUX U BUPYCHBIX 3a00JICBaHU, a TAKKE
MO3BOJIAIOT PacIMpUTh 00JjacTh npuMmeHeHus [JHK-30H10B B Onomenuirie. Bo3mMoxHO
npoBefeHre nanpHenme moaudukanuu JIHK-koHCTpYKIMA 1711 CHMDKEHHUSI Topora
YyBCTBUTEIBHOCTH W YyBenuueHus 3ddektuBHOoCTH pacmierienus PHK-mumenei,
UCCIICIOBAHUE BIMSHUS PA3IUYHBIX XUMHUYECKMX MOAUPUKAIMNA HAa CTAOMJIBHOCTH U
KaTAIMTUYECKYI0 aKTUBHOCTh KOHCTPYKIMH. Takke, MEePCIEKTUBHBIM HAMpaBICHUEM

MOKET OBITh MCCIIEIOBAHNE KHHETHKHY B3anuMo ieicTBus Jorudeckux JJHK-koncTpykimit
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¢ MukpoPHK i1 mporHo3npoBaHusi BpEMEHM OTKJIMKA, aJalTalys TEXHOJOTHH K
COBpPEMEHHBIM IIaTGopMaM MOJEKYJISAPHOM TUArHOCTHKH, MHHHATIOpU3ALNS U
unterpannd JIHK-KOHCTpyKIMi B NOPTAaTUBHBIE YCTPOMCTBA I 3KCIPECC-aHAINA3a.
Kpowme Toro, Heo0X01MMO MPOI0JIKATh UCCIIEJOBaHHSI OMOCOBMECTUMOCTH U Pa3pabOTKy
6e3omacHbix MeTo70B BBeaeHus JIHK-KOHCTpykiuii B OpraHusMm Jjii BO3MOXKHOTO

TCPAIICBTUYICCKOI'O IIPUMCHCHH.
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CIIMCOK COKPAIIIEHUI U YCJIOBHBIX OBO3HAYEHUI
JAHK — ne3okcupnOOHyKIEHHOBAsE KUCJIOTA
PHK — puGoHyKkIenHOBasI KUCIIOTa
MPHK — matpuunas PHK
LOD - (aurun. Levels of Detail) — npenen oOHapysxeHus
miR — mukpoPHK

SARS-CoV-2 (Severe acute respiratory syndrome-related coronavirus 2) — 060s104e4HbIi

oxHouenounslit (+) PHK-Bupyc, oTHOCsmuiics k moapoy Sarbecovirus poaa Betacoronavirus

BHQ-1 — (Black Hole Quencher) - ato HedtyopeceHTHBIIT TEMHBII racHTelNb, KOTOPBIA MOKHO

N100aBUTH K 3'-KOHIlY OJINTOHYKJIEOTHIA
IIIP — nonmMepasHas LenHas peaKLus

Kunerkn Vero - aBisiorcs OJHOM U3 HanOoJIee YacTo HCIIOJIb3YCMBIX HCITPCPBIBHBIX JIMHUHN KJIETOK

MIJICKOIIMTAIOIIMUX B HCCICAOBAHUAX MOHCKYJI}IpHOI‘;I 1 KJIETOYHOI OMOJIOTHH

HEPES - (4-(2-ruapoxcustin)-1-nunepa3uHITaHCyIb()OHOBAS KUCIIOTA) MPEICTABIAET COOO0M

LBUTTEP-UOHHBII OpraHndeckuil OyQepHbIid areHT
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PACIIO3HABAHUE HYKJIEMHOBBIX KUCJIOT C UCIIOJIb3OBAHUEM
MHOT'OKOMITIOHEHTHBIX JHK HAHOKOHCTPYKIIHI

B nannom wuccnenoBanunm JIHK-xoncTpykimu Ha ocHoBe biDz Obumu paspabotansl i (1)
pa3iIMyueHus HU3KUX M BBICOKMX KOHIIEHTpaluil nmocienoatenbHocteit PHK pakoBbix Mapkepos; (ii)
pacro3HaBaHUsl HECKOJIBKUX TOCIE0oBaTeIbHOCTEH OnoMapkepoB; W (ill)) OOHApyKEHUsS HHU3KHX
KoHIeHTpanuii BupycHoro PHK ananura 6e3 ero npeasaputenbHON aMIUMpUKAIIAN.

Pacmertenue neneBoii PHK in vitro 6suto gocturayro ¢ momomisio JJHK-koHCTpyKIHii Ha
ocHoBe BiDz u aHTHCMBICIOBBIX OJUTOHYKICOTHAOB (ASQO) B MPUCYTCTBUHM Pa3HBIX KOHIICHTPAIIHHA
mMIiR-17 u miR-92. Beumn paszpadoransl JJHK-koHCTpyKIMK C OyJIeBBIMU JOTMYECKUMH (YHKIUSMU
YES, 2AND, 3AND, 2 iINHIBIT u 3 iINHIBIT, coaepxamue Bce (pyHKINOHAIbHBIE KOMIIOHEHTHI
KaXJ/I0TO OTJICJIbHOTO JIOTUYECKOTO BEHTWIIA, IpUCcOeInHEHHbIE K yHuBepcatbHomy JIHK-ckaddonmy.
Pacmennienue nenesoit PHK mocturanock paznuaabiMu koMOuHammssMu miR15, miR17, miR 21, miR
7 B cooTBeTcTBHM ¢ Tabnuamu uctuaHoctu. JIHK-koHcTpykunu Ha ocHoBe BiDz, ocHamienHbie 1Byms
JOTNOJHUTENbHBIMU caliTaMu AJig pazBopaunBanusi PHK, u JIHK-kouncTpyknuu co muoxxecrsom PHK-
pacIeTUISIONINX KaTaTUTUYECKUX LIEHTPOB MoKa3zainu Oonee HU3Kku mpenen odbnapyxenus (LOD) mo
CpPaBHEHUIO C OOBIYHBIM ceHcopoM biDz. ®dyHkius moctaBku (IIyoporeHHOro cyOcTpara Takxke
yinyurrmia LOD JIHK-koucTpykumit ans oonapyxenus: cunrerndeckux JJHK u PHK ananurtos.

Takum oOpa3om, cioxneie MHorokomnoneHTHele JIHK-xoncTpykimu moryr s¢ddexktuBHO
pacniozHaBate PHK, 3akmaneiBas ocHOBY Juis npuMeHeHus [JHK-HaHOTEXHOIOrMI U MOJIEKYJISPHBIX
JIHK-naHOopo60TOB /1t OOHAPYKEHUS U JICYSHUS 3a00JICBaHUH.

El-Deeb Ahmed Abdelkader Mohamed Othman

RECOGNITION OF NUCLEIC ACIDS USING MULTICOMPONENT DNA
NANOCONSTRUCTS

In this study, DNA Constructs based on biDz was adopted for (i) differentiation low from high
concentrations of cancer marker RNA sequences; (ii) recognition of multiple biomarker sequences; (iii)
detecting low concentrations of viral RNA in amplification free format.

In vitro RNA cleavage was achieved by biDz-based DNA Constructs and antisense
oligonucleotide (ASO)-based DNA Constructs in the presence of different concentrations of miR-17 and
miR-92. DNA Constructs with YES, 2AND, 3AND, 2 iINHIBIT and, 3 iINHIBIT Boolean logic
functions were developed containing all the functional components of each individual gate attached to
an individual DNA scaffold. RNA cleavage was achieved by a different combination of miR15, miR17,
miR 21, miR 7 according to the truth tables. BiDz-based DNA Constructs equipped with 2 additional
RNA-unwinding arms and multicore biDz-based DNA Construct showed decreased LOD than that
demonstrated by conventional biDz sensor. The fluorogenic substrate delivery function as well improved
LOD of biDz-based DNA Constructs for synthetic DNA and RNA analyte detection.

Thus, complex multicomponent DNA Constructs can effectively RNA, laying the groundwork

for applying DNA nanotechnology and molecular DNA nanorobots in disease detection and therapy.



