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ABSTRACT

COVID-19 became a true medication target worldwide due to its pandemic scale in 2020. Viral infections are generally
hard to cope with, especially, if the viral load and spreading speed seriously surpass the immune reaction, both innate and
adaptive. Thus, only relatively few drugs were used clinically to stop either in the early stages of viral reproduction like with
the help of Tenvir (Tenofovir) or vaccination to gain collective immunity in a particular population. None of the interferon-
based drugs showed clear medical effects in medical trials and during pandemic hospitalization protocols. However, purine-
analogs like Tenvir and others showed sustainable survival and recovery rates among SARS-COV-2 virus-infected patients
at moderate and severe stages of pneumonia caused by this virus. This article reveals the invitro testing of the Tenvir drug on
virus strain, Variant B.1.1, Sampled from Kazakhstan and molecular-genetic characterization of NSP12 (non-structural protein
12) located in ORF1b region of the SARS-COV 2 genome. Tenvir or tenofovir was broadly used against HIV infection and
this study shows a sufficient effect on viral spread due to RARP-inhibiting properties in-vitro.
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INTRODUCTION

Tenvir (Tenofovir or T705) is most promising antiviral
drug against SARS-COV2 viral infection in post-soviet coun-
tries. COVID-19 (Corona virus disease), Wuhan, China, 2019
became pandemic scale headache for global health care sys-
tem in early 2020 [1]. Virus Strain, Variant B.1.1, Sampled
from Kazakhstan has about 30K bp genome [2-3], divided
into three main groups from 5’ UTR start, it has ORF1la and
ORF1b which contain 16 non-structural proteins (NSPs) that
are responsible for proteins synthesis, among them RNA de-
pendent RNA-polymerase (RdRp) the non-structural protein
12 (nsp12) is responsible for expressing this gene product
(non-catalysis featured) The second group is so called struc-
tural proteins -S-protein-Spike, E-protein -Envelope, M-pro-
tein-membrane and N-protein-nucleocapsid [4]. The third
group is so called accessory proteins (ORF3ab, ORF6, OR-
F7ab, ORF8, ORF9bc and ORF10), Accessory proteins are
shed between structural proteins and form isles or gaps be-
tween structural proteins closer to 3’UTR end. [6]. All these
three main parts of viral genome have functions, the structural
proteins are responsible to build up four main structures that
are needed to build the new virions to proceed the further in-
fection through its reproduction i.e. viral replication. The ac-
cessory proteins provide protection of structural proteins from
non-specific immune response like accessory proteins 8b and
8ab (ORF8ab) suppress the interferon signaling pathway by
mediating ubiquitin-dependent rapid degradation of interferon
regulatory factor 3 (IRF3) [5]. And of course, the ORF1a and
ORF1b the non-structural proteins are responsible both for
replicating the viral genome and maintaining the intact vi-
ral replication machinery. It is also known that RNA depen-
dent polymerases provide the viral genome with genetical di-
versity through the controlled positive mutations. The open
reading frame ORF1a as well as ORF1b together combined

occupy two thirds of entire viral genome and therefore these
ORFs represent a great concern for scientist to study, mostly
because this part of genome’s task which is to ensure the viral
replication processes. The NSP12 synthesizes the RdRp that
ensures smooth viral replication on host ribosomes, moreover
ORF1la and neighboring NSPS support NSP12 to sustain the
viral replication. Even the spike protein expression is essen-
tial in early stages of viral expression [4].

Figure 1 — the genome overview of SARS-COV-2, Wu-
han- Hu-1 strain, December 2019, from 5’-UTR to 3°-UTR
with four main antiviral sites: a) ORFla (NSP3 and NSP5 for
instance) — innate immune system induction — interferon ac-
tivity-viral replication. b) ORF1b (NSP12 -RNA dependent
RNA polymerase and NSP13 for instance) — nucleotide an-
alogs in our case purine analogs- Tenvir (Tenofovir)- RARP
inhibitor —is used primarily against HIV-infection before
COVID19 pandemics occurred c) structural proteins, espe-
cially, spike protein is main target for vaccination strategies
worldwide to induce adaptive immunity-IgGs that neutral-
ize viruses and virions effectively d) the accessory proteins
(ORF8a and ORF8ab for instance) help to suppress the host
interferon cellular activity during innate immunity encoun-
ter, these ORFs are located close and dense to structural pro-
teins, spike protein recognition by naturally and synthetically
derived monoclonal antibodies neutralize the accessory pro-
teins activity too [6].

Diagram 1. Genome of the first Wuhan strain sequenced
in March 2020

Source: https://doi.org/10.3390/pathogens905033 1

Tenvir (Tenofovir)

Tenofovir belongs both for anti-HIV drugs and Antihepa-
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titic drug according to the producer’s manual. Tenofovir rep-
resents the reverse transcriptase inhibitors or nucleoside re-
verse transcriptase inhibitors (NRTIs) are structural analogues
of nucleic acids, adenosine monophosphate which compet-
itively inhibit the reverse transcription by causing the chain
termination after they got involved into viral DNA. This vi-
ral DNA-incorporation causes so-called ‘lethal mutagenesis’.
Tenofovir is also used as antiviral drug against chronic hepati-
tis B as nucleotide analogue. Tenofovir inhibits the HBV (hep-
atitis B virus) polymerase by competing with natural substrate
for in cooperation with growing viral DNA-strand causing as
in HIV (human immune deficit virus) chain termination, sub-
sequently stalls the reverse transcription and synthesis of viral
DNA. Tenofovir is yet another nucleotide analogue that was
initially designed to inhibit the HIV (human immunogenicity
virus) reverse transcriptase by interfering the ATP-Polymer-
ization in the growing nucleic acid chain [7,8]. Tenofovir was
also assumed to be effective against COVID-19 as it showed
the tendency to dock the RNA- dependent RNA-polymerase
(RdRP) and silence its activity in replication as well as in
transcription and translation of structural and accessory pro-
teins making virions assembly almost impossible [9]. Tenofo-
vir that is used in our study is for oral administration medicine
in a form of disoproxil furmate (TDF) has many side effects
if it is used in high dosage, such as renal toxicity, bone den-
sity degradation etc. [10].

In-vitro studies suggest that at concentrations under
100uM, tenofovir does not inhibit the viral replication in
VeroEo6 cells at the multiple infections in a so-called preven-
tive way, when tenofovir was administered 1h prior to infec-
tion and up to 48h post infection. In the discussion of results,
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researchers came to idea that tenofovir in ATP-forms require
the activation by host kinase and any cell type has probably
the proper kinase activity to launch the tenofovir antiviral fea-
tures and was suggested to try a study on human airway epi-
thelial cells [11,12,13].

2.0 Materials and methods of research
2.1. Biomaterial/sample

The biological samples taken from sick patients during the
COVID-19 pandemic thorough their consent in the favor of
scientific research, from the Scientific and Practical Center for
Sanitary and Epidemiological Expertise and Monitoring, Al-
maty. Strain: SARS-CoV-2/human/KAZ/B1.1/2021

2.2. Viral RNA isolation

Isolation of viral RNA from virus-containing material was
carried out using the QI4amp Viral RNA Mini Kit, Qiagen, ac-
cording to the manufacturer’s instructions.

2.3. Selection and synthesis of primers

The primers were designed with various computer pro-
grams, mainly Oligo 6 and Vector NTI Suite 10. The reaction
composition and the temperature-time regimes were selected
according to the annotation attached to the enzyme and the
properties of the primers.

The designed primers were synthesized on the H-16 oli-
gonucleotide synthesizer (manufactured in Germany) accord-
ing to the instructions attached to the device. The elution of
synthesized primers from the columns was carried out with a
concentrated ammonia solution. The primers were then dried
on a rotary evaporator and purified by alcohol precipitation.

2.4. Conducting PCR

|
'[.

swab.

3. Remove the test cassette from the sealed pouch.

4. Specimen  adding:
Reverse the collection
tube, holding the tube -
upright, transfer 3 drops
slowly to the specimen
well (S) of the test

casselle, then starl the s —

timer,

5. Timing observation:
judge the result 15
minutes after specimen
adding, do not observe
the result 20 minutes
later.

Diagram of usage 1. Express COVID19 Antigen count of GenSure-kit

A set of superscribed III One Step RT-PCR with plat-
inum Tagq, invitrogen, was used to perform the PCR. The re-
action composition and the temperature-time regimes were se-
lected according to the annotation attached to the enzyme and
the properties of the primers. Techne performed the produc-
tion of specific DNA sites using a GeneAmp PCR 9600 ther-
mal cycler, Applied Biosystems and TC512. Further detec-
tion of amplification products was carried out in the device for
horizontal electrophoresis «G-100», manufactured by Phar-
macia. For electrophoresis, a 1% solution of agarose in TA
was used. The results were visualized and recorded with the
«Quantity One» program. «kDNA Ladder 1 kb» from invitro-
gen was used as a comparative marker for molecular weights.

2.5. Gene sequencing

Viral RNA and DNA are isolated using a set of QlAamp
virus RNA and trizol reagents according to the manufactur-
er’s instructions. The RNA is eluted with water, 2 times 40
pl each. Given the fact that the full genome of the SARS-
COV-2 virus includes about 30 thousand nucleotides, a set
of primers is used to amplify the full genome for sequenc-
ing. PCR is performed using a set of single-stage RT-PCR el-
evated III systems. Cleaning of PCR products is carried out
using the AMPure kit according to the manufacturer’s instruc-
tions. The quality of PCR products is checked by electropho-
retic analysis. PCR sequencing products were obtained us-
ing the BigDye® Terminator v3.1 cyclic sequencing kit. The
purification of the sequencing reaction was carried out with
the Clean Seq Kit. The sequencing is carried out on 16 capil-
lary sequencers of the genetic analyzer 3130xI (Applied Bio-
systems / Hitachi). Genomic assembly, genome annotation,
comparative genomics and phylogenetic analysis were per-
formed using the CLC Genomic Workbench 11.0.1 program.
Genome-wide sequencing of ILT strains is performed using
the new generation NGS sequencing method, the Ion Gene-
Studio™ sequencer. The S5 system is bundled with the Ion
Chef SmartStart system.

2.7. Comparative and phylogenetic analysis of the nu-
cleotide sequence of genes

The available complete genomes of the SARS-COV-2 vi-
rus downloaded from the GenBank are used for the complete

analysis. Phylogenetic trees were created using the maximum
similarity method on the CLC Genomics Server 12.0 using the
«neighbor Joining» method and the Jukes-Cantor model with
gamma distribution 1.0 and 100 replications to assign confi-
dence levels to branches. The MEGA 7.0 application is also
used for phylogenetic analysis.

2.8. Determination of cytotoxicity of Tenvir (Tenofo-
vir) for cell culture

Tenvir (Tenofovir) was selected to study antiviral activity
against the SARS-CoV-2 virus. Before determining the antivi-
ral activity, a working dose was established that did not cause
toxicity to cell culture.

2.9. CCKS test for cell-viability in Tenofovir of concen-
tration 50pg/ml-200 pg/ml

The CD8-Kit-8 (KK-8) enables sensitive colorimetric
analyses to determine the viability of cells in the analysis of
cell proliferation and cytotoxicity. The dojindo-tetrazole salt,
WST-8, soluble in water, is restored in the cells by the ac-
tivity of dehydrogenase, forming a yellow formazan dye, sol-
uble in a medium for tissue culture. The amount of the dye
formazan, which is formed as a result of the activity of dehy-
drogenases in cells, is directly proportional to the number of
living cells. Three steps: Step 1: Add 10 PI of Cell Counting
Kit-8 to each well in a 96 well microplate. Step 2: Place in a
CO2 incubator for 1-4 hours to react. Step 3: Measure the ab-
sorbance at 450 nm with a microplate reader.

2.10. COVID19 Antigen count of GenSure-kit from a
specimen swab: TIDS0

Equipment

- oligonucleotide synthesizer Synthesizer H-16,
K&Laborgeraete, Germany;

- thermal cycler GeneAmp PCR System 9600, Applied
Biosystems;

- thermal cycler TC-512, Techne;

- thermal boards DryBlockHeater, Techne;

- shakers, vortexes Vortex Genie 2 Shaker, Cole-Parmer;

- automatic micropipettes, Eppendorf;

- apparatus for electrophoresis of nucleic acids G100,
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Table 1. The TID50 (viral load) scheme count (viral load pattern)

Microorganism Concentration Crossreactivity (YES/NO)
Influenza A (HIN1, H3N2 1.0 x 10° TCID50/mL NO
Avian Influenza (HSN1, H7N9) 1,7 x 105 TCID50/mL NO
Influenza B (Victoria, Yamagata) 2,5 x 10°TCID50/mL NO
Respiratory Syncytial Virus 3,8 x 105 TCID50/mL NO
Rhinovirus 1,4 x 10° TCID50/mL NO
Adenovirus 1,8 x 10°TCID50/mL NO
Measales 1,0 x 10°TCID50/mL NO
Human coronavirus

1,0 x 105 TCID50/mL NO
(0OC43,229E, NL63)
Coronavirus, MERS 1,2 x 10° TCID50/mL NO
Mycoplasma pneumoniae 1,0 x 10°CFU/m NO

Pharmacia;
- gel documenting system “BioRad”, USA;
- microcentrifuge “MiniSpin”, Eppendorf;
- refrigerator — 20 °C;
- package of application programs for analysis of DNA

sequences - DNASYS MAX 1.0, Sequencher, Vector NTI,
BioEdit, GENEDOC, Staden package.

- microplate reader OD (optical density) Plate Verifica-
tion instrument for Hipo MPP-96, BioSAN-for CCK-8

Materials, reagents, and solutions

- Recombinant Taqg DNA Polymerase 5000 unit/mL,
SIGMA.

- T4 DNA Ligase;

- ProtoScript® II First Strand cDNA Synthesis Kit;

- RNAZap decontamination solution;

- SuperScript IV One-Step RT-PCR System with Plati-
num Taq DNA Polymerase (Invitrogen, USA) (100 reaction);

- 310 and 31xx Running Buffer, 10X;

- BigDye™ Terminator v3.1 Cycle Sequencing Kit, 100
reactions;

- Reagent for safe staining of agarose gel SYBR Safe
DNA gel stain;

- UltraPure™ nuclease-free distilled water;

- Microcentrifuge tubes, 1.5 ml, 500 pcs. pack; Eppendorf;

- Microtubes 0.2 ml with flat cap 1000 pcs/pack Tubes, 0.2
mL, flat cap 1000/pc Eppendorf;

- Microtubes 0.5 ml with flat cap 1000pcs/pack Tubes, 0.5
mL, flat cap 1000/pc Eppendorf.

The vero cells E6

Vero C1008 [Vero 76, clone E6, Vero E6], from African
green monkey kidney, by Sigma Aldrich. Vero cells are de-
rived from the kidney of an African green monkey. These are
anchorage-dependent cells that have applications in molecu-
lar and cell biology research. Vero E6 cells enable achieving
high titers of severe acute respiratory syndrome coronavirus
(SARS-CoV virus) [18]. Split sub-confluent cultures (70-
80%) 1:3 to 1:10, i.e., seeding at 1-3x10,000 cells/cm?2 using
0.25% trypsin or trypsin/EDTA; 5% CO2; 37°C.

The culture medium
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DMEM (D6546) + 2 mM L-Glutamine (G7513) + 10%
FBS / FCS (F2442): DMEM with 2% bovine serum and 0,1%
(100U/ml) antibiotics (Penicillin-Streptomycin) was prepared.

The virus preparation and safety procedures

An isolate of the SARS-CoV-2/human/KAZ/B1.1/2021
strain, was passaged on various occasions in Vero E6 cells
to establish a high titer stock that was used in all our experi-
ments. Since SARS-CoV-2 is classified as a high-risk patho-
gen in Kazakhstan, all procedures performed with the virus,
including infecting cell lines and their further supervision in
BSL-2 (Biosafety level) class laboratory.

3.0. Results
3.1.1. RT-PCR test results

Figure 1a. the initial data is the fluorescent signal Cy-
cling A. Red and Figurelb. Quantitative data for Cycling
A. Red. According to the peaks report the following samples
were taken for further proceedings with subsequent CT (cy-
cle threshold) value: untreated- samples #1-20, -sample #2-21,
-sample#3-23, -sample #4 - 24, -sample #5-25, Other samples
above 25cycles and lover 20cycles were excluded. Over CT25
not informative, lower CT20 too high viral load. maximum
of 40 thermal cycles. The lower the CT value, the higher the
amount of viral genetic material in the sample (as an approx-
imate indicator of viral load). An increase in the CT value by
3 points approximately corresponds to a 10-fold decrease in
the amount of viral genetic material.

There is no difference between Ct and Cq values. All these
values are the same, but have different names. Ct stands for
a threshold value cycle and Cq for a quantification cycle. In
order to standardize the nomenclature of PCR analysis, the
MIQE manual (minimal information on the publication of
quantitative real-time PCR experiments) recommends using
the more general term «quantitative evaluation cycle» (Cq).
Real-time PCR usually determines the absolute number of the
target sequence or compares the relative amounts of the tar-
get sequence in the samples. Although fluorescent dyes and
real-time PCR probes must be sequential, there is significant
background fluorescence in most real-time PCR experiments.
Therefore, it is extremely important to bypass this background
signal in order to get meaningful information about your goal.
This problem is solved by two values in the PCR in real time,
namely the threshold line and the Cq value. A threshold line
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Table 2. Quantitative report, information about the test as well as Quantitative analysis parameters. The samples taken from
sick patients during the COVID-19 pandemic, from the Scientific and Practical Center for Sanitary and Epidemiological
Expertise and Monitoring, Almaty. During identification in Real-Time PCR, all samples showed a positive result, where the

peak range was from 17 to 30 cycles.

Name of test

Test 2021-03-29 (1)

Begin of test 29.03.2021 10:24:30
End of test 29.03.2021 12:10:50
Operator Nurlan

Notices None

Test are completed on program version

Rotor-Gene 1.8.17.5

Test signature

Test signature: appopriate

Signal level Green 5,
Signal level Orange 5,
Signal level Red 5,
Thresehold 0,05139
Exclude the cycles up to 1,000
Standard curve imported Hem
Graph standard (1) N/A
Graph standard (2) N/A
Begin the cycle normalization from (Cq) 11
Slope adjustment Hem
Background Threshold (NTC) 0%
The Threshold for The Effectiveness of The Reaction Off

Normalization method

Dynamic. Background normalization

is a point or detection stage at which the intensity of the flu-
orescence in a reaction reaches a value greater than the back-
ground level. Before performing the PCR, the software will
set a threshold value in your cycler. It is literally a line in your
graph that represents a level greater than the background fluo-
rescence, which also crosses your reaction curve somewhere
at the beginning of your exponential phase. The Cq value is
the cycle number of the PCR at which the reaction curve of
your sample exceeds this threshold line. This value indicates
how many cycles it took to detect a real signal in your sam-
ples. If the PCR is performed in real time, a reaction curve
and thus a large number of Cq values are generated for each
sample. Your cycler’s software calculates and displays the Cq
value for each of your samples in a graph.

The Cq values are inversely proportional to the amount
of nucleic acid contained in your sample and correlate with
the number of target copies in your sample. Lower Cq values
(usually less than 28 cycles) indicate a large number of tar-
get sequences. Higher Cq values (more than 38 cycles) mean
a lower amount of your target nucleic acid. However, high
Cq values may also indicate some problems with the target
or PCR setting.

3.1.1. Determination of morphological characteristics
of viral strains of the SARS- COV-2 virus.

To determine and compare morphological characteristics,

viral preparations related to various variants of the SARS-
COV-2 virus were taken: Wuhan, British, Delta and Omicron.
As a result, it was found that virions are spherical, with a size
of 115-125 nanometers in the presence of spikes (surface gly-
coproteins) with a length of about 10 nanometers. Electron
microscopy of the virus is presented below.

3.1.2 Study of biological properties of isolated isolates
and their subsequent deposition

Isolates were isolated from samples supplied by the Sci-
entific and Practical Center for Sanitary and Epidemiologi-
cal Expertise and Monitoring. After studying the biological
properties, these isolates were deposited in collections of mi-
croorganisms under the following names: SARS-CoV-2 / hu-
man / KAZ / B1.1/2021 and SARS-CoV-2 / human / KAZ /
Britain / 2021.

Sequencing of significant viral genes. Comparative and
phylogenetic analysis of the nucleotide sequence of viral
genes.

The main indicators of PCR (sensitivity, specificity, prod-
uct yield and the possibility of further manipulations with
the final product) in most cases are determined by how well
the specific structures of the primers are selected and devel-
oped [45]. Currently, there are several information databases
(Ref Seq, GenBank) and many programs (Primer3, Fast PCR,
etc.).) for the design of primers depending on the purpose.
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Figure 2. Electron microscopy of the SARS-COV-2 virus. Uv. 120,000, on the microscope Jeol Jem 100 XC, (provided by
Kozhabergenov N.S.)

The search and development of nucleotide sequence primers
was carried out manually on the NCBI website using the Gen-
Bank database. The nucleotide sequence of specific primers
was selected based on the reference strain MN908947.3. The
specificity of the primers was verified with the NCBI Primer
BLAST Service. The primers were selected so that each pair

of primers overlapped, and their sequence was conservative
among all variants of the SARS-CoV-2 virus. As a result, 65
pairs of sequencing primers were selected to develop the com-
plete genome of SARS-CoV-2 virus variants with an overlap
of about 100 nucleotide pairs (bp). The estimated amplitude
length ranges from 604 to 772 bp.

Table 3. Sequencing primer parameters, the main gen product of SARS-CoV-2/human/KAZ/B1.1/2021 on ORF1ab here is
NSP12 that is responsible for RNA dependent RNA polymerase with 2697bp long as same as Wuhan-Hu-1 strain has 2696
bp [Wuhan-Hu-1 -GenBank MN908947.3].

Figure 3. Electropherogram of results of RT-PCR genes of ORF1ab variant B. Virus SARS-CoV-2 As it can be seen from
Figure 1, the developed primers make it possible to generate specific PCR products. Electrophoretic analysis yielded
products with molecular weights between 604 and 772 bp. from the ORF1ab gene. The length of the amplicon absolutely
corresponds to the length of the synthesized primers.

X - 0
# ;rt‘]‘:r‘l’r OeN | Sequence (57->37) Start | Stop %at t;im GC% %
heat temp) size(bp) MW467502.1 SARS-CoV-2Muman/EGY/EGY CCHES7357 P 37/2020
Reverse AGCCCTGTATACGACATCAG 13542 13523 56.52 50.00 MT470142.1 SARS-CoV-2/human/France/10009EE/2020 R
Forward ACCCTGTGGGTTTTACACTT | 13341 | 13360 | 56.86 45.00 OK372407.1 SARS-GoV-2human/USATN-VUNC-000018/2020
PP29 AACAATACCAGCATTTCGCA | 14046 | 1402 6.32 2000 |00 VNEGBG47.3 Vihar: .1
Reverse CAATACCAGC 7|56 : MW465795 1 SARS-CoV-2/human/KORKCDC12-NCCP4333012020
PP 30 Forward TACGCCAACTTAGGTGAACG 13963 13982 57.93 50.00 639 —l_ hCoV-19/India/MH-NCCS-86945/2021|EPI ISL 1415164
Reverse TAGATTACCAGAAGCAGCGT 14601 14582 56.36 45.00 hCoV-19/India/MH-NCCS-87388/2021|EPI ISL 1415165
hCoV-19TurkeyHSGM-E32712021(EP ISL 4101905 | 216172
Forward CCACTTCAGAGAGCTAGGTG 14478 14497 57.04 55.00 -|
PP 31 713 hCoV-19/England/CAMB-AAS874/2021EPI ISL 1832202
Reverse CTCTAGTGGCGGCTATTGAT | 15190 | 15171 | 56.88 50.00 e R EL AR
Forward CCAAGTCATCGTCAACAACC 14913 | 14932 |57.03 50.00 hCoV-19/Germany/NIHOV-MHH 15/2020EPI ISL 1268664
PP 32 644
Reverse CATTAACATTGGCCGTGACA 15556 15537 56.71 45.00 hCoV-19/Japan/IC-0446/2020[EP ISL 768655 N
PP 33 | Forward GTGTTGTAGCTTGTCACACC | 15372 | 15391 |56.96 50.00 | 659 @ IONRESHR SACETA nmarl iz
MZ086681.1 SARS-CoV-2human/USAMN-CDC-ASC21005326012021 | B.1.1.7
PP 34 | Forward ATGTTGGACTGAGACTGACC | 15834 | 15853 |56.86 50.00 | 669 SR AR S e A SSRGS
PP35 | Forward TCCGTATGTTTGCAATGCTC 16374 16393 56.80 45.00 | 712 172823581 SARS-CoV-2/human/USANJ-CDC-ASC210037774/2021
OK246128.1 SARS-CoV-2/human/USAVSP2157/2021
Table 4. RNA dependent RNA polymerase nucleotide positioning of SARS-CoV-2/human/KAZ/B1.1/2021on NSP12, almost MWE46952.1 SARS-CoV-2/human/USAIPA-CDC-3986427-001/2021
the same nucleotide position as Wuhan-Hu-1 strain has: 13442 — 16236 [Wuhan-Hu-1 -GenBank MN908947.3]. hCoV-19flsrael/SMC-7024750/2021[EPIISL 7056614

hCoV-19/Argentina/PAIS-F0418/2021|EPI ISL 12058302

Gene: Gene product/region Nucleotide position hCoV-10/Botswana/R40BE9 BHP 2321001248/2021EP11SL e6doate | 1%
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Figure 5. Phylogenetic analysis of the SARS-CoV-2 strain/human/KAZ/B 1.1/2021 [2].

nome of the virus strain was uploaded to the NCBI database
under registration number ON692539.1 dated June 07, 2022,
and OP684305.1 dated October 20, 2022. The obtained se-
quences were analyzed using the Pangolin COVID-19 data-
base (https://pangolin.cog-uk.io), as a result of which it was
established that they belong to lines B.1.1.7 and 1.1 (Graph 3
and Graph 4, respectively)

The analysis of the nucleotide sequence of the whole ge-
nome showed that the strains isolated in the Almaty region

File name Sequence name

—  ANALYSED (Click tick icon for more info) 1 sequence ¥

are 100% similar to SARS CoV-2/human/KAZ/Britain/2021
and SARS-CoV-2/human/KAZ/B1.1/2021 and have 99.80%
and 99.82% of the total similarity. identity with the reference
strain SARS-CoV-2, the Wuhan-Hu-1 isolate belonging to the
B-line (see table4, as well as graph 3 and graph 4)

3.3.1. Determination of cytotoxicity of drugs for cell
culture

The cytotoxicity results showed that Tenvir at a dosage of
50 pg is non-toxic to cell culture and will be used to study the

Assignment
Conflict

ON692539.1 Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/KAZ/Britain/2021 ORF1ab polyprotein (ORF1ab), ORF1a polyprotein (ORF1ab), surface glycoprotein (S), ORF3a protein (ORF3a), envelope 8117 i

/  ON692530.1fasta protein (), and membrane glycoprotein (M) genes, complete cds; ORF6 gene, complete sequence; ORF7a protein (ORF7a) and ORF7b (ORF7b) genes, complete cds; ORFS gene, complete sequence; and nucleocapsid

phosphoprotein (N) and ORF10 protein (ORF10) genes, complete cds

so

»

Figure 6. Identification of the SARS-CoV-2 strain variant/human/KAZ/Britain/2021 according to the Pangolin COVID-19 database

File name Sequence name
— ANALYSED (Click tick icon for more info) 1 sequence ¥

v 0P684305.1 fasta

Lineage Assignment Conflict

0P68A305.1 Severe acute respiratory syndrome coronavirus 2 isolate SARS-CoV-2/human/KAZ/B1.1/2021, complete genome g1 49O 02

»

Figure 7. Determination of the SARS-CoV-2 strain variant/human/KAZ/B 1.1/2021 according to the Pangolin COVID-19 database

Table 4. Analysis of the nucleotide sequence of the entire genome of SARS-CoV-2 viruses isolated in the Almaty region in

the Republic of Kazakhstan

Ne | Variant | Strain Country Date t(;?;ome identi- GenBank
()
B SARS-CoV-2 isolate Wuhan-Hu-1 PRC 18.03.2020 | Ref. MN908947.3
2 |B1.1.7 | SARS-CoV-2/human/KAZ/Britain/2021 | Kazakhstan | 07.06.2022 | 99.80% ON692539.1
3 |B1l1 SARS-CoV-2/human/KAZ/B1.1/2021 Kazakhstan | 20.10.2022 | 99.82% OP684305.1
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Figure 8. Determination of Tenvir cytotoxicity level in Vero cell culture
A-200pg, B—150 gn, C—100 pg, D —50 pg.

Tenvir also shows high toxicity rates (cell layers are clearly torn even at minimum concertation) because only relatively few
concentrations are recommended to achieve therapeutical effect.

inhibition of antiviral activity. Also, with an increase in the
dosage of the Tenvir drug, alkalization of the medium and de-
tachment of cells from the surface are observed.

3.3.2. CCKS test for cell-viability in Tenofovir in con-
centration of 50pg/ml

Cell viability count of Tenofovir

250

200

100

50 /

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

—&— Drug concentration pg/ml Cell survival rate in %

Graph 1. VeroE®6 cells survival rates in percentage in a presence
of 5 drug concentrations of Ribavirin, Favipiravir and Tenofovir
starting from 50pg/ml to 200 pg/ml. The highest survival rates
belong to sample 1.

3.3.3 Antiviral activity

COVID19 Antigen count of GenSure-kit
from a specimen swab: TID50 is 10 or MOI:2
Significant viral load 24H Incubation with Antivirals. The
study of the antiviral activity of the drugs was carried out in
a culture of Vero cells infected with the SARS-CoV-2 virus,
variant B, based on the coefficient of inhibition of the cyto-
pathic activity of the virus and virus reproduction. After 24
hours of incubation after infection of cells (at a dose of 10
CPD50) with a, when drugs were added in a concentration
range of 50 pg/ml, the cytopathic effect of the virus was de-
tected to varying degrees. The results of viral suppression are
presented in Table 5.

Discussion

The Tenvir — antiviral drug is a purine analog that was
well established since 2003 MERS-epidemics, furthermore
they have been recommended themselves as effective pharma-
ceutical therapy against chronic diseases caused by long term
viral infections like HIV, turning soon into AIDS, or Hepatitis
B/C lifelong viral load control. Cellular toxicity depends on
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Table 5. Results of assessing the antiviral activity of drugs against the SARS-CoV-2 virus, variant B, as a result of a study
of the antiviral activity of the drugs Tenvir 99.31% Tenvir showed the degree of inhibition and is one of the most effective

drugs for the treatment of viral infection

Drug Concentration Virus accumulation Suppression of Inhibition coefficient, Per-
reproduction t %
mkg\ml lg, PFU/ml P entage %
virus, Ig
Tenvir 50 5,03+0,15 2,17 99,31

C9H14N504P, (287.216 g'mol?)
ECmax:174 pM

93,4

Graph 2. The intact VeroE6 cells seeded in 96-well plates were inoculated with SARS-CoV-2 titer during a 48-hour infection
phase, then 174pM Tenvir (Tenofovir) was added. The 174puM concentration and below of Tenofovir -cytotoxic safe
concentration, therefore, the tested inhibitor concentration did not affect cell viability (CC-levels) and viral stock dilution 107,
The EC max is almost 100% inhibition, the cell viability does decrease with higher drug concentration with no higher antiviral
effect.

many factors, not only increasing drug concentration for in-
stance, but also how long a drug can suppress the viral repli-
cation rates with significant side effects factor. Thumb rule —
the lower daily concentration is prescribed the less damage it
brings during pharma dynamics both in-vivo and in-vitro. The
importance of detecting ORF1ab products represent a great
interest to fight current viral infections and develop future an-
tiviral strategies using purine-analogs medication to increase
the positive income among infected patients.

CONCLUSION

Tenvir is now most effective anti-viral orally administrated
drug at concentration range of 50 pug/ml. The viral infection,
particularly, the SARS-COVID-2 has many ways to invade
the host cell, first due to high variability of mutation of spike
protein (viral structural protein) that could be coupled by sys-
tematic vaccination — B-cells production — immunoglobulins
(active immunity). The second strategy is to use purine-ana-
logs that seriously inhibits the viral replication, thereby, stop-
ping the viral load development. Purine-analogs also causes
so called ‘lethal mutagenesis’ leading to viral extinction via
already well known and established drugs that were already
used against other diseases based on virus ontogenesis. The
purine analogs could be used not only as main treatment strat-
egy but also as option or in combination with others, further-
more, dexamethasone increases the survival rates in severe
cases of COVID-19 infection, especially, in pneumonia com-
plication [14]. This study is still important because it shows
that traditional antiviral drugs is effective in vitro against new
and local SARS-COV-2 variants and shows high conserva-
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tism of NSP12 that is responsible for RARP expression in vi-
ral genome and therefore beneficial medication target. Unlike
spike protein, that tends to mutate relatedly frequent into the
new strains of concern appear where vaccination nowadays
brings less effectiveness. In addition, even before pandemics
of COVID-19, the corona viruses perfectly deal with inter-
feron proteins during innate, non-specific immune response.
It is worth to mention that purine analogs like adenine and
guanine analogs are most capable to cause lethal mutagene-
sis rather that pyrimidine analogs [15-17]. The classical py-
rimidine analogs are tested nowadays mostly against cancer
development [18].
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KA3AKCTAHIAYFBI SARS-COV-2 BUPYCBIHBIH B HYCKACBIHA KAPCBI TENVIR (TEHO®OBUP)
INPEITAPATBIHBIH BUPY CKA KAPCBHI BEJICEHAJIITTH IN VITRO- PACTAY KOHE BUPYCTBIK
I'EHOMJAFBI NSP12 AHBIKTAY
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TYWUIH

2020 >xpUTBI TaHAEMUS ayKbIMBIHA OaitaHbicTel COVID-19 Oykin oieM OobIHIIA NOpi-TOPMEKTIH IIBIHAWEI HICAHACKIHA
aitHanel. BupycThiK MHQeKIusuIapMeH Kypecy oIeTTe KHUbIH, dCipece BUPYCTHIK KYKTEME MEH Tapajy *KbULIaMIbIFbl HM-
MYHIIBIK pEaKLUsIaH aiTapibIKTai ackll KeTce, Tya OiTKeH xoHe OedimuenreH. Ocbliaiina, BUPYCTHIK KOOCIONIH epTe Ke-
3enaepinne, Meicaisl, Teasupain (Tenodosup) kemerimen Hemece Oenriii Oip HOMYNSAIMSIA YKBIMIBIK IMMYHHUTETT] ary
YILIH BaKIMHAIMSHBI TOKTATy YIIIH KIMHUKAJIBIK TYPJE CaJIBICTRIPMAIBI TYPJIE a3 FaHa Aapijiep Koinaubuiael. MaTepdepon
HeTi31H/er nperapaTTapblH eIIKaiCchIChl MEAUIIMHANIBIK ChIHAKTap/a )KoHe aHIEMIUSUIBIK aypyXaHara jKaTKbI3y XaTTamalia-
PBIHIA AHKBIH MEAUIMHAIIBIK dcepliep KopceTkeH oK. [lerenmeH, TeHBup skoHe Oackanap CUsIKThI MypuH aHanorrapsl SARS-
COV-2 BHUpyCHIH XKYKTHIPFaH MAIEHTTEP apachlHA OCBl BUPYC TYbIH/IaFaH ITHEBMOHUSHBIH OpTallla )KaHE ayblp Ke3eHaepiHie
TYPaKTHl OMIp CYpy KoHe KaJllIbIHa KeNTipy KepceTkimrepiH kepcerTi. byn makanana Kazakcrannan ansiaran B.1.1 Hycka-
CBHIHBIH BUPYC IITaMMbIHA Tenvir npemnaparsiHbly invitro ceiHars! xoHe SARS-COV 2 renombinbig ORF1b alimarsiana opHa-
nackad NSP12 (KypbUIbIMIBIK eMec akybI3 12) MoeKyIaibIK-TeHeTHKAIBIK CHITaTTaMackl alibuiasl. TeHBup Hemece TeHodo-
Bup AVB-undekumsiceiHa Kapchl KeHIHEH KOJIaHbUIIBI XKoHe Oy 3eprTey in-vitro RARP- Texxey kacuerrepine OaitiaHbICThI
BHPYCTBIH TapalyblHa )KETKUIIKT] 9CepiH KepceTei.

Tyitinai cezgep: COVID-19, NSP-12, PHK-ra Toyenni PHK-mommmvepasa (RARP), mypun-ananortap, RT-ITTP, [en-eHiM.

YIK: 615.371

HAIIPABJIEHHOE IN VITRO NOJATBEPKJEHUE IPOTUBOBUPYCHOM AKTUBHOCTH
IIPEITAPATA TEHBUP (TEHO®OBHP) B OTHOILIEHUUN BAPUAHTA b BUPYCA SARS-COV-2 B
KA3AXCTAHE U BBIABJIEHUE NSP12 B BUPYCHOM I'EHOME
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ABCTPAKT

COVID-19 cran HacTosiIIei MUIICHBIO IS JIEKApCTB BO BCEM MHUpE M3-3a Macitados nannemun B 2020 roxy. C Bupyc-
HBIMH MH(EKIHAMH, KaK IIPABUIIO, TPYAHO CIIPABUTHCS, 0COOEHHO €CIIM BUPYCHAsl HArpy3Ka M CKOPOCTh PacIipOCTPaHEHNUS ce-
PBE3HO MTPEBOCXOST MMMYHHYIO PEAKIIUIO, KaK BPOXKACHHYIO, TaK U aIalTHBHYIO. TakuM 00pa3oM, JIUIIh OTHOCUTEIHHO He-
60IIBbIII0E KOJIMYECTBO MPENapaToB NPUMEHSIIOCh KITMHIYECKH JJIsl OCTAHOBKHU JIMOO Ha PAaHHUX CTaHsAX PENPOLYKINH BUpYcCa,
HarpuMmep, ¢ omonipio TerBupa (TeHodoBUpa), TMOO BaKIIMHAINY JJIS ITOITYYEHHS KOJUIEKTHBHOTO MMMYHHTETA B KOHKPET-
HoH momyssiuuy. Hu opnH 13 npenapaToB Ha 0CHOBE MHTEp(EpOHA HEe MPOIEMOHCTPHUPOBAI SBHOTO MEIUIIMHCKOTO 3 deKTa
B MEIMLIMHCKUX UCCIIEAOBAHUAX U BO BpeMs NMPOTOKOIOB FOCIUTAIN3ALNU B CBA3U ¢ NaHaeMued. OnHAKo aHAJIOTH IypHHA,
Takue Kak TeHBUp U Ipyrue, IoKa3all yCTOHYMBEIE IOKa3aTel BBKUBAEMOCTH U BBI3JOPOBIICHNUS CPEIU MTAIINEHTOB, HHH-
nupoBaHHBIX BUpycoM SARS-COV-2, Ha cpenHeil U TSDKENoN cTaausax MTHEBMOHUY, BBI3BaHHOM 9TUM BHpycoM. B naHHOI cTa-
ThE MPEACTaBICHBI Pe3y/bTaThl UCIIBITAaHNH in Vitro npenapaTta TeHBup Ha mramMmme Bupyca Bapuant b.1.1, oro6pannoro u3
Kazaxcrana, a Taxoke MOJIeKyIIsIpHO-TeHeTH4ecKas xapakTepuctiuka NSP12 (HecTpykrypHOro Oernka 12), pacroiaoKeHHOro B pe-
ruone ORF1b renoma SARS-COV 2. TenBup nimm TeHO(OBUP MIMPOKO HCIIONIB30BATNCH TpoTuB BUY-nnbexnnm, u 310 Hccie-
JIOBaHHE MTOKa3bIBACT IOCTaTOYHBIN 3((eKT Ha pacripocTpaHeHHe BUpyca Onaroqaps cBolictBaM nHruoOuposanust RARP in vitro.

Kawuessie cioBa: COVID-19, NSP-12, PHK-3aBucumas PHK-nonmmmepasa (RdRP), ananorn mypuna, OT-TILP, rer-nipo-
JYKT.
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