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SUMMARY

During FMD vaccine production, special attention is paid to the concentration of 146S particles bearing the critical biological features of FMDV and being the main
components that have an effect on vaccine immunogenicity. For this reason, each batch of vaccine raw material is tested for 1465 component concentration. The
paper presents the results of the use of a spectrometric method for whole particle concentration determination during quantification of FMDV RNA extracted after
immune capture. It is an inexpensive, easy-to-perform method allowing for determination of FMDV 146S particle concentration in the non-inactivated culture
suspension. 1465 particle concentration was found to depend on the number of RNA molecules extracted from virions after their strain-specificimmune capture
and quantitatively detected by the spectrometric method. The presented method allows for determination of 146S component concentration in the non-inactivated
vaccine raw material using the proposed linear model. The spectrometric method showed 94.5-99.5% correlation with real-time reverse transcription polymerase
chain reaction and complement fixation test based on the results of tests of 360 non-inactivated suspensions of FMDV of all types. Tests of the positive control
demonstrated 99.0-99.6% compatibility of actual and expected results. FMDV genome and 146S particles were not detected in the negative control, and that
was in line with expectations.
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PE3IOME
B npouecce npombILLNeHHOT0 NPOI3BOACTBA NPOTUBOALLYPHBIX BaKLMH 0C060€ BHUMAHWE YAENAIOT KOHLEHTPaLuN 1465 yacTuL, KoTopble HajieneHbl BaHeiLLy-
MV 6110710 MYeCKIIMI CBOICTBAMY BUPYCa ALLYPA U ABNAIOTCA OCHOBHBIMU KOMIMOHEHTaMI, BIUAKOLLMMI Ha UMMYHOTEHHYH aKTUBHOCTb BAKLMHHBIX NPEMNapaTos.
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Mo 3701 NPUYMHE KaX[yto Cepuio BAKLIMHHOTO CbipbA NCCNEAYIOT Ha ONpeAeNneHme KoHLeHTpaLnm 1465 komnoHeHTa. B cTatbe npefcTaBneHbl peynbratbl n3yyeHus
npuMeHeHNA CNeKTPOMETPUYECKOro MeTOAA ANA ONPeAeNeHnA KOHLIEHTPaLM MOMHbIX YacTIL NPY oLeHKe KonnyectBa PHK Bupyca Alypa, BblgenexHoli nocne
IIMMYHHOTO 3axBaTa. [laHHblii Coco6 ABNAETCA AeLLeBbIM, MPOCTbIM B UCTIONHEHNH, MO3BOAAET ONPeAendTb KOHLeHTpaunio 1465 yacTuL BUpYca ALypa B He-
HAKTVBMPOBAHHOI KYNBTYpainbHOii Cycnen3un. BbiABNeHo cyLiecTBOBaHIe 3aBUCUMOCTI MeXAY KOHLeHTpaLmeit 1465 yactuy n konnyectsom monekyn PHK,
Bblf€NEHHbIX 13 BUPMOHOB NOC/IE X LUTaMMOCTeLUYEcKoro UMMYHHOT0 3aXBaTa 11 KONMYeCTBEHHO IETEKTUPOBAHHbIX CNEKTPOMETpUYecKIAM MeTofoM. lpen-
(TaBMEHHbI METOZ N03BOAAET ONPEeNATb 3HaueHe KOHLeHTpaLum 146S KOMMOHeHTa BUPYCa ALLYPa B HEMHAKTUBUPOBAHHOM Cbipbe AA BaKLMHbI C Npu-
MeHeHeM NpeANoxKeHHo NMHeiiHol Mopenn. Koppenauna cnekTpomeTpuyeckoro cnocoba ¢ nonumepasHoii LienHoli peakumeii ¢ 06paTHo TpaHCKpunumeit
B peXuMe peanbHoro BpemeH 1 peakLineli (BA3bIBaHUA KOMNIEeMeHTa Npu TecTMpoBaHui 360 HeMHAKTUBIMPOBAHHbIX CYCMeH3Nil BUpYyCa ALLypa Bcex TUNos
coctaBina 94,5-99,5%. [lnA nonoXuTenbHOro KOHTPOAA coBnaZeHue GakTueckux 1 0XIEaeMblX pe3ynbTatos c00TBeTCTBOBaN0 99,0-99,6%. B otpuuatensHom
KOHTpONbHOM 06pa3Lie reHom 1 1465 uacTuubl BUpYCa ALLypa He 06Hapy»KeHbl, YT0 COOTBETCTBOBANO 0XIAAHUAM.

Kniouesbie cnosa: PHK Bupyca Awypa, KoHueHTpauna 1465 KoMnoHeHTa, CnekTpoMeTpUYecKmil aHani3, MMYHHbIN 3aXBar.
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INTRODUCTION

Foot-and-mouth disease is a highly contagious viral
disease characterized by fever that affects wild and do-
mestic cloven-hoofed animals [1]. The disease agent is an
RNA-virus of the order Picornavirales, family Picornaviridae,
genus Aphthovirus. Foot-and-mouth disease virus (FMDV)
is highly antigenically variable due to mutations in the cap-
sid protein genes and encompasses A, O, C, Asia-1, SAT-1,
SAT-2, SAT-3 types and multiple genetic lineages [2].

FMDV virion is about 23-25 nm in diameter. The ge-
nome s a single-stranded positive-sense RNA consisting of
approximately 8,500 nucleotide bases. The virion has a mo-
lecular weight of about 8,080,000 Da [3]. When reproduced
in susceptible cell lines, FMDV forms 4 variants of compo-
nents: 146S particles (virions) containing one viral RNA
molecule and 60 polypeptide copies, each is a complex of
VP.-VP_-VP_-VP, proteins; 755 component lacking RNA and
comprising 60 copies of VP -VP_-VP_polypeptide; 125 par-
ticles represented by VP ,VP_, VP, proteins; 3.8S subunits
consisting of non-structural VP_ protein [4].

The system of measures for FMD control and pre-
vention includes mass immunization of cattle and small
ruminants, as well as post-vaccination immunity level
monitoring [1, 5]. During FMD vaccine production, spe-
cial attention is paid to the concentration of 146S particles
bearing the critical biological features of FMDV and being
the major components that have an effect on vaccine
immunogenicity [4]. Quantitative complement fixation
test (CFT) and real-time reverse transcription polymerase
chain reaction (rtRT-PCR) are used to determine 146S com-
ponent concentration in the vaccine raw material used for
every batch. The first technique has several disadvantages:
it is labour-intensive and time-consuming (the test lasts
up to 3 days) and does not allow for simultaneous testing
of a large number of samples, its cost is rather high [6].
Real-time RT-PCR reduces the test duration to 4 hours,
but requires expensive equipment and reagents [7]. Be-
sides, when a sample contains an excessive amount of

ballast components, reliability of accurate determination
of 146S immunogenic component concentration may be
decreased due to anticomplementarity in CFT and high
ballast protein content in the sorbent at the RNA ex-
traction stage.

It is, therefore, reasonable to search for an alternative
method for FMDV 146S component quantification in the
non-inactivated vaccine raw material.

The aim of the study is to assess spectrometric method
potential for determination of 146S particle concentration
during FMDV RNA quantification.

MATERIALS AND METHODS

Virus. Non-inactivated suspensions of culture FMDV
A/Turkey/2006, A/ARRIAH/2015, O/Primorsky/2012,
O/Primorsky/2014, Asia-1/Tajikistan/2011, C,/Zakar-
patsky/1972, SAT-1/Akhalkalaksky/62, SAT-2/Saudi Ara-
bia 7/2000, SAT-3/Bechuanaland 1/65 vaccine strains
deposited in the FGBI“ARRIAH" Collection of Microorgan-
ism Strains were used. The virus was reproduced in the
continuous suspension culture of baby hamster kidney
cells (BHK-21).

Immunoassay plate coating. A 24-well plate with DNA/
RNA/DNAase/RNAase-free surface was coated with
strain-specific anti-FMDV polyclonal antibodies in a vo-
lume of 1.0 cm?® with IgG concentration in suspension of
5.0 pg/cm? at (4 + 2) °C during 18 hours. Open binding
sites were blocked with 0.5% bovine serum albumin (BSA)
suspension at (37 £ 1) °C for 1 hour. This is a preparatory
process that should be carried out beforehand, prior to
analysis.

Immune capture of FMDV virions. The virus suspension
was added to the wells coated with antibodies to the viri-
ons of a particular FMDV strain, 3.0 cm? of the suspension
per well, and incubated at 37 °C for 1 hour. Immune com-
plexes were formed, with some of them being 146S par-
ticle - strain-specific antibody complexes. The suspension
was removed from the wells, but the film on the bottom
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was left intact. Then 1/15 M phosphate buffered sa-
line (PBS) was added to the wells, 1.0 cm? of PBS per well,
with subsequent resuspension.

RNA extraction from FMDV 1465 particles. 10 ml of a solu-
tion containing 50% of phenol (pH < 7.0) and 50% of 4 M
guanidine isothiocyanate (GITC) were added to 1.0 cm? of
146S particle - strain-specific antibody immune complex
suspension and incubated for 20 minutes at 23-25 °C. The
prepared lysate was centrifuged at 14,000 rpm for 8 minutes.
The supernatant was transferred into a centrifuge tube,
2.5 cm? of chloroform were added, and the content was in-
cubated for 4 minutes with periodic mixing. After exposure,
the mixture was centrifuged at 14,000 rpm for 12 minutes
at 4-5 °C. As a result of precipitation, the tube content was
fractionated into three phases: 1) the straw-coloured lower
phase containing the complex of phenol and chloroform
with bound lipids and polypeptides; 2) the white interphase
comprising peptide components and DNA; 3) the upper
phase representing a clear RNA extract [8, 9]. The entire
upper phase was collected into an empty tube, while other
fractions were left intact, and 4.5 cm® of 100% isopropyl
alcohol were added. The prepared mixture was incubated
for 8 minutes at 23-25 °C; after that the tube content was
centrifuged at 14,000 rpm for 8 minutes at 23-25 °C. The
supernatant was removed, and FMDV RNA pellet remained
in the tube. 2.0 cm® of 80% ethanol were added to the RNA
pellet. The content was mixed and pelleted at 14,000 rpm
for 6 minutes at 23-25 °C. The supernatant was removed,
and the RNA pellet was dried with an air stream at ambi-
ent temperature for 5 minutes. Then 0.1 cm? of TE buffer
(10 mM tris(oxymethillaminomethane, 1 mM ethylenedi-

aminetetraacetic acid (EDTA), pH 7.0-7.2) free from RNAases
and Mg?* cations was added to RNA; the content was heated
at 55-60 °C for 2-3 minutes to maximally dissolve FMDV
RNA. Thirty-fold eluates of FMDV RNA standard dilutions
and the negative control were prepared.

Assessment of FMDV RNA eluate purity using spectral
analysis. FMDV RNA eluate spectral absorbance was mea-
sured at wavelengths of 205-325 nm. Using the said spec-
tral range, the preparation was tested for residual phos-
pholipids, polysaccharides and guanidine isothiocyanate,
phenol, polypeptides, large conglomerates by optical den-
sity (OD) determination at 205, 235, 270, 280 and 320 nm,
respectively [10, 11]. RNA eluate was considered to be free
from protein and phenol contamination when the extinc-
tion coefficient R, (OD,,,/OD,, ) was 1.8-2.2 and its value
was close to 2.0. FMDV RNA extract was considered to be
uncontaminated with polysaccharides when the extinc-
tion coefficient R, (OD,,,/OD,,) was 2.00-2.02 [12]. When
1% of RNA is replaced with polysaccharide components,
the R, value decreases by 0.002. R, > 2.02 was indicative of
nucleic acid dissociation and the presence of nucleotides
in the eluate. OD,, tending to zero reflected the absence
of large suspended particles in the extract [8].

Complement fixation test (CFT). Quantitative CFT was
used for FMDV 146S particle concentration determina-
tion; the test was carried out in compliance with require-
ments [6].

Real-time reverse transcription polymerase chain reaction
(rtRT-PCR). Real-time RT-PCR was used for FMDV genome
detection and quantification in the non-inactivated vac-
cine raw material. The amount of components for the
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Fig. 1. Spectrograms of dilutions of standard FMDV Asia-1/Tajikistan/2011 strain RNA eluate.
The figure shows (from top downwards) graphs for some dilutions of eluates corresponding to the following
146S particle concentrations: 4.0; 3.5; 3.0; 2.5, 2.0; 1.5; 1.0; 0.5; 0.1 ug/cm? (n = 3)

Puc. 1. Chekmpozpammel pazgedeHuli cmaHoapmHozo 3atoama PHK supyca awypa wmamma
Asus-1/Tadxukucmar/2011. Ceepxy 8HU3 OmpakeHbl 2pAuKuU 0718 HEKOMOPbIX pa3gedeHUl 3/110amos,
coomeemcmayouux KoHyeHmpayuam 146S yacmuuy: 4,0; 3,5; 3,0; 2,5; 2,0; 1,5, 1,0; 0,5; 0,1 mke/cm? (n = 3)

VETERINARY SCIENCE TODAY, DECEMBER N°4 (35) 2020 | BETEPUHAPUA CETOLHA, AEKABPb No4 (35) 2020

ORIGINAL ARTICLES | BIOTECHNOLOGY OPUTMHANIbHBIE CTATb | BUOTEXHONOTUA

reaction, as well as time and temperature parameters for
thermal cycling are specified in the previously described
requirements [7].

RESULTS AND DISCUSSION

During the first stage of the study, a non-inactivated sus-
pension of culture FMDV Asia-1/Tajikistan/2011 strain with
146S particle concentration of (4.00 + 0.11) pg/cm? (based
on CFT and rtRT-PCR data) used as a positive standard was
tested. Immune capture of FMDV virions was carried out
using an immunoassay plate coated with polyclonal anti-
bodies specific to the whole virus particles of the specified
strain. BHK-21 cell suspension with a concentration of cells
of (3.00 + 0.10) mIn/cm?not infected with FMDV served as
a negative control. As a result of serological reaction, a sus-
pension of FMDV 146S particles bound with strain-specific
immunoglobulins G was prepared. The suspension was
used for RNA extraction from the whole virus particles, and
a 30-fold extract of FMDV Asia-1/Tajikistan/2011 strain RNA
in a volume of 0.1 cm®was prepared.

During the next stage of the study, the purity of FMDV
Asia-1/Tajikistan/2011 strain (positive standard) RNA elu-
ate was assessed by spectral analysis in the ultraviolet re-
gion. Extinction values were registered for every 2 nm in
the range from 205 to 325 nm, and the entire absorption
spectrum of RNA was recorded using Spectrum software
version 5.0 (Fig. 1).

The test results for 30-fold preparation showed that
0D, ,,, and OD,, ... values did not exceed OD,,, . va-
lues (0.001-1.006 < 1.007-1.014 and 1.013-0.004 < 1.007-
1.014), thus indicating the high purity of the prepared RNA
eluate. During spectral analysis, no pronounced peaks
were observed on the graph at wavelengths of 205, 235,
270,280 and 320 nm, and that was indicative of the almost
total absence of contamination with phospholipids, poly-
saccharides and residual GITC, phenol, polypeptides, large
conglomerates, respectively. The extinction coefficient R,
was 1.988 (OD,,,/OD,, = 1.014/0.510), i.e. close to the nor-
mal value of 2.000, and that showed the absence of DNA
and the presence of trace amounts of protein impurities.
Nucleic acid degradation and free nucleotides were not
observed in the solution, since R, did not exceed 2.000.
The extinction coefficient R, (OD,,/OD, . = 1.014/0.506)
of 2.004 showed that the eluate of FMDV RNA (positive
standard) was not contaminated with polysaccharides and
GITC. Given that the R, value decreases by 0.002 when 1%
of RNA is replaced with polysaccharide components, no
carbohydrate impurities were detected in the prepared
eluate.

During the following stage of the study, quantification
of RNA molecules extracted from FMDV 146S particles
was performed. One-stranded RNAs have their absorp-
tion maxima at 252-271 nm due to high spectral absor-
bance of ribonucleoside-5'-triphosphates in this range,
in particular: adenosine-5-triphosphate (A,)) - 259 nm,
uridine-5"-triphosphate (A ;) — 262 nm, guanosine-5'-tri-
phosphate (A_,) - 252 nm, cytidine-5"-triphosphate (A ) -
271 nm [13]. Spectral studies demonstrate that maximum
absorption wavelengths of whole RNA monomers are
within the same range; thus, extinction is the highest in
the specified wavelength range [14]. In the course of the
study, nucleotide analysis of RNAs of a wide variety of iso-
lates and strains of seven types of FMDV available in the
GenBank database was carried out [3]. Based on the test
results, average percentages of ribonucleoside-5'-triphos-

phates (W,,, W, W, W,) in the genome were deter-
mined. The test results are presented in Table 1.

Based on the data obtained, average maximum
absorption wavelengths (A ) of RNAs were calcula-
ted for each FMDV type using the following formula:
Ama)( = )\ATP X WATP + )‘UTP x WUTP + AGTP X WGTP + )\CTP x WCTP ° It
was determined that A__ for the genome of FMDV strains
of type A was 261.64 nm, type O — 261.51 nm, type C -
261.68 nm, type Asia-1-261.63 nm, type SAT-1-261.74nm,
type SAT-2 - 261.70 nm, type SAT-3 - 261.77 nm. A __ va-
lues were experimentally determined by biospectrometry
of RNA eluates of all FMDV types and found to be close to
empirical values — 262 nm (Table 1).

The number of one-stranded RNA molecules in the
pure preparation was calculated on the basis of the Bou-
guer — Lambert — Beer law which states that the intensi-
ty of a parallel beam of monochromatic light decreases
when it passes through the absorbing medium [10]. Us-
ing this law, it is possible to relate the amount of light
absorbed to the concentration of absorbing particles.
At A =260-262 nm, average extinction coefficient for one-
stranded RNA is 0.024 (ug/cm?)~' cm'. Therefore, the op-
tical density of a solution with nucleic acid concentration
of 1.00 pg/cm? exposed to ultraviolet light at a wavelength
of 260 nm (0D, ) is 24.000, and, consequently, optical den-
sity of 1.000 corresponds to an eluate with RNA concen-
tration of 41.67 pug/cm? [13]. Measurements showed that
FMDV RNA has its absorption maximum at A = 262 nm;
the OD,, value for a highly purified extract with RNA con-
centration of 41.67 pug/cm?is 1.000.

The use of Bouguer — Lambert — Beer law is relevant for vi-
ral RNA molecule quantification in diluted eluates. However,
at high analyte concentrations (> 1.00 pg/cm?d), the distance
between the molecules of an ultraviolet absorbing material
is significantly reduced. As a result, the effect of each parti-
cle on surface charge distribution between the neighboring
molecules grows, and this may lead to a change in RNA ab-
sorbance at the specified wavelength. Thus, for FMDV RNA
molecule quantification in high concentration preparations,
analyte dilutions should be made using TE buffer. Prior to

Table 1

Ribonucleoside-5"-triphosphate percentages and maximum absorption

wavelengths for RNAs of different FMDV types
Tabnuua 1

MpouenTHoe copepxanmne puboHykneosna-5"-TpudocpatoB u ANMHbI BOMH

C MakcumanbHbim nornouieHnem PHK BUpYyca Allypa pasHbiX TUNOB

Average percentages
of ribonucleoside-5"-triphosphates

in FMDV genome (I¥), %

Maximum absorption
wavelengths for RNAs, nm

calculated empirical
A 25.1 20.9 257 283 261.64 262
0 25.6 214 259 27.1 261.51 262
C 25.1 212 254 283 261.68 262
Asia-1 247 212 259 282 261.63 262
SAT-1 25.2 209 251 28.7 261.74 262
SAT-2 254 21.0 253 28.6 261.70 262
SAT-3 253 209 249 289 261.77 262
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Relationship between 146S particle concentration and 30-fold number of RNA molecules
extracted from whole particles of FMDV (n =3, p < 0.005)

Tabnuua 2

3aBUMMOCTb MeXAY KoHUeHTpauueii 1465 yactuy u 30-kpaTHbiM KonuyectBom monekyn PHK,
BbIfie/IeHHbIX 13 NOMHbIX YacTuL BUpYca Awypa (n =3, p < 0,005)

Type
of control sample

negative control

146S particle

concentration, pg/ml

Average number of RNA molecules extracted from FMDV 146S particles in 30-fold eluate

theoretical value based on spectrometric method data reliability, %

126,780,562,003 122952954088 9.89

141,695,922,239 137,302,154,679 9.40

156,611,282,474 153,620,853,391 98.05

0.0

0 not detected -

VETERINARY SCIENCE TODAY, DECEMBER Ne4 (35) 2020 | BETEPUHAPWSA CETOLHS, IEKABPb Ne4 (35) 2020

ORIGINAL ARTICLES | BIOTECHNOLOGY OPUTUHANBHBIE CTATbY | BUOTEXHONOT A

measuring the absorbance of an eluate dilution, TE buffer
background values should be automatically subtracted.
When calculating 146S RNA concentration in the preparation,
conversion factor for FMDV nucleic acid (F,,, qa = 41.67)
and dilution factor (DF) should be taken into account; be-
sides, background values for samples (OD,, ) and the nega-
tive control (OD,; .) should be subtracted from OD,,,. The
following should be included when calculating the num-
ber of FMDV RNA molecules (N, ,): Avogadro’s number
(6.022045 x 10% mole™), the average molecular weight
of a ribonucleoside (Mw,, . =340.5 Da), FMDV RNA
length (L = 8,500 nucleobases) [13]; besides, nucleic acid
weight should be converted from micrograms to grams
according to the International System of Units (Le Systéeme
International d’Unités) [11] (the conversion factor is 1/10°),
and the number of molecules for 30-fold eluate should be
converted into that for 1-fold dilution (the conversion factor
is 1/10"48) (the total conversion factor is 1/107).

When FMDV is reproduced in susceptible cell lines,
146S particles (virions) are formed, with each of them com-
prising one RNA molecule. It should be noted that FMDV
suspensions contain RNA as part of virions (98-99%), and
also a small amount (1-2%) of RNA in the free state [4, 15].
In other words, when calculating the number of RNA mo-
lecules extracted from the whole particles, a coefficient
of 0.98 should be included.

The number of RNA molecules extracted from FMDV
146S particles (N, ,,.s) should be calculated using the fol-
lowing formula taking into account the above mentioned
parameters:

41.67 X DF x (OD,,- OD,, - OD, ) X N

0.98 x 262 A,

NRNA 146S =Y. 1 07448 X MW X L

ribonucleoside

where DF is the dilution factor for the eluate of RNA ex-
tracted from FMDV 146S particles;

OD,, is the optical density value for the eluate of
RNA extracted from FMDV 146S particles at a wavelength
of 262 nm;

OD,,, is the optical density value for the extract of
RNA extracted from FMDV 146S particles at a wavelength
of 320 nm;

0D, . is the optical density value for the negative
control at a wavelength of 260 nm;

N, is the Avogadro constant (6.022045 x 10*mole™);

W, - eosde 15 the @verage molecular weight of a

ribonucleoside (340.5 Da);

Lis FMDV genome length (8,500 nucleobases);

41.67 is the factor for FMDV RNA (F,, . )i

1/107#8 is the total factor for conversion of weight
from micrograms to grams and for conversion of FMDV
RNA molecule number for 30-fold eluate into that for
1-fold dilution.

The next stage of the study was to search for a mo-
del for FMDV 146S particle concentration determination
based on the number of molecules of the extracted vi-
ral RNA. To identify the relationship between FMDV 146S
particle concentration and the number of viral RNA mole-
cules, serial dilutions of 30-fold standard of RNA extracted
from FMDV Asia-1/Tajikistan/2011 strain suspension with
whole particle concentration of 4.0 ug/cm?were made;
thus, the standard samples of nucleic acid corresponding
to 146S particle concentrations of 0.1 to 4.0 pg/cm?(in
increments of 0.1 pg/cm®) were prepared. Prior to mea-

suring the absorbance of the prepared standard samples,

TE buffer background values were automatically subtrac-
ted. Spectral analysis of the prepared positive standards
was performed, and extinction values were determined at
wavelengths of 262 nm and 320 nm. The optical density of
the negative control was measured to detect the presence
of non-specific RNA molecules that were found to have
their absorption maxima at A = 260 nm. Spectral analysis
of some of the specified standards is presented in Figure 1.
The results of measurements and calculations of the num-
ber of RNA molecules extracted from 146S particles are
presented in Table 2 demonstrating that the N, s Va-
lues for all dilutions of 30-fold standard with 146S par-
ticle concentrations of 0.1 to 4.0 pg/cm? were between
7,315,278,733 and 287,546,725,579, respectively.

It is known that whole, and free RNA content in the
virus suspensions is low [4]; hence, there is a direct re-
lationship FMDV particles comprise one RNA molecule
between the number of 146S particles and the number
of FMDV RNA molecules quantified in the same volume
of non-inactivated suspension after the virus reproduc-
tion. It is known that the molecular weight of a whole
FMDV virion (Mw, /) is 8,080,000-8,167,500 Da on ave-
rage [3, 4, 15]. Given that the virus genome length is
8,500 nucleobases [3, 4] and the average molecular weight
of aribonucleside is 340.5 Da, the molecular weight of the
viral RNA (Mw,,.,, o) is @bout 2,894,250 Da, and this is on
average 2.79-2.82 times less than Mw,, .. Put different-
ly, theoretically 146S particle concentration (ug/cm?3) in
FMDV suspensions is on average 2.79-2.82 times higher
than viral RNA concentration (ug/cm?3); hence,

m m
146S - — 1465
m_ = 2.79+2.82, or M arass 27,79+2,82'

RNA 1465

This expression is substituted into the equation

m1465
NRNA 1465
instead of m_, . ... taking into account that
N mRNA X NA
I

RNA 1465 = 'IOGX LXMW

ribonucleoside
where m_ . is FMDV RNA weight;
N, is the Avogadro constant (6.022045 x 10*mole™);
L is FMDV genome length (8,500 nucleobases);
W, o eose 1S the average molecular weight of a
ribonucleoside (340.5 Da);
1/10¢ is the factor for weight conversion from mic-
rograms to grams.

By rearrangements, we obtain

N
—RNATES _ 7 38 % 10— 7.46 X 10,

m1465

This means that theoretically the number of RNA,, . mo-
lecules is on average 7.38 x 10'°- 7.46 x 10'"°times higher
than 146S particle concentration, as was experimentally
confirmed by tests of dilutions of standards with known
146S particle concentrations using the proposed method.
The test results are presented in Tables 2 and 3.

The data presented in Table 2 show that reliability of
quantification of RNA molecules extracted from FMDV
suspensions with 146S particle concentrations of 0.1
to 4.0 pg/cm? was between 95.03 and 99.02%.

Based on the data obtained on the number of vi-
ral RNA molecules in the dilutions of the standard
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Table 3
Relationship between 146S particle concentration and the number of RNA molecules
extracted from whole particles of FMDV Asia-1/Tajikistan/2011 strain (n = 3, p < 0.005)

Tabnuua 3
3aBUCUMOCTb MeX Ay KOHLeHTpauueii 1465 yactuu u konuuecteom monekyn PHK,
BblfieNeHHbIX U3 MOMHbIX YacTuL BUpYCa ALlypa wramma Asua-1/Tapkukucran/2011 (n =3, p < 0,005)

Average optical density (OD) values

1465 particle concentration tandard samoles Calculated number
in a standard, pg/ml P 9 of RNA._ molecules

1465
0D oD, * o, . *

262 320 260 C-

715,278,733
36013,679,916
07 49,800,166,759
09 66,118 865,47
1 79,061,281,690
13
15
17 122952,954,038
19
21 153,620853,301
23 16475,128,365
25 180349756 454
27 196 949,812,040
29 211,580369,506
31 2452785726
33
35 255190685029
37 265038175631
39 284451799 961

ODM— extinction value at 262 nm; ODm— extinction value at 320 nm;

0D, . —extinction value for the negative control at 260 nm;

*values remained unchanged when measured.

0D, , — 3HaueHue SKCTUHKLMM npy 262 HM; 0D, — 3HaueHme SKCTUHKUMY npu 320 Hm;
0D, — 3HaueHwe SKCTUHKLIMI 1A OTPULATENLHOTO KOHTPOAA Npit 260 Hm;

* 3HaueHUA Npu U3MepeHNAX He MEHANNCb.

0.1

0.3 21,383,122,450

0.5

95,379,980,402

109,166,467,245

137,302,154,679

237,465,201,946
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4.5

_ 3.9 X NRNAMGS + 566,783,689

C =
4 1468 280,818,944,837

35 | R?=0.9996,n=3

1468 concentration, pg/ml

25

1.5

0.00E+00 5.00E+10 1.00E+11 1.50E+11
Number of RNA molecules extracted from 146S particles

2.00E+11 2.50E+11 3.00E+11 3.50E+11

Fig. 2. Relationship between FMDV 1465 particle concentration and the number of viral RNA molecules in standard
solutions. The number of molecules is expressed in exponential notation (E = 10)

Puc. 2. 3asucumocmes KoHUeHmpayuu 146S yacmuy 8upyca auypa om Koaudecmea mosekyn supycHoti PHK
8 CMAHOApMHbIX pacmaopax. Kosiu4ecmao MosieKys 8bIpaxeHo 8 SKCNoHeHyuabHom popmame (E = 10)

and corresponding 146S particle concentrations, a calibra-
tion graph of the relationship between C, . and N
was plotted represented as the model

39xN, +566,783,689

RNA 1465

1265 — 280,818,944,837

146S RNA 1465

with the coefficient of determination R? of 0.9996 (Fig. 2).
No FMDV was detected in the negative control.

The obtained model based on the number of FMDV
RNA molecules extracted from 146S particles after im-
mune capture of virions allows for determination of whole
particle concentration in the non-inactivated culture virus
suspensions.

During the final stage of the study, the presented me-
thod for 146S particle concentration determination was
tested using 360 non-inactivated suspensions of the
following FMDV vaccine strains: A/Turkey/2006 (40 sam-
ples), A/ARRIAH/2015 (40 samples), O/Primorsky/2012
(40 samples), O/Primorsky/2014 (40 samples), Asia-1/Ta-
jikistan/2011 (40 samples), C,/Zakarpatsky/1972 (40 sam-
ples), SAT-1/Akhalkalaksky/62 (40 samples), SAT-2/Saudi
Arabia 7/2000 (40 samples), SAT-3/Bechuanaland 1/65
(40 samples). The samples were parallely tested with rtRT-
PCR and CFT in triplicate (Table 4).

The compatibility of actual and expected (based on
rtRT-PCR and CFT data) results of culture FMDV 146S com-
ponent concentration determination was 96.2-99.4% for
A/Turkey/2006 strain, 94.9-99.3% for A/ARRIAH/2015,
97.2-99.2% for O/Primorsky/2012, 97.0-99.3% for
O/Primorsky/2014, 97.6-99.5% for Asia-1/Tajikistan/2011,
95.2-97.7% for C,/Zakarpatsky/1972, 94.8-97.3% for

SAT-1/Akhalkalaksky/62, 96.5-99.1% for SAT-2/Saudi Ara-
bia 7/2000, 94.5-98.5% for SAT-3/Bechuanaland 1/65.Tests
of the positive control demonstrated 99.0-99.6% compa-
tibility of actual and expected results. FMDV genome and
146S particles were not detected in the negative control,
and that was in line with expectations.

Thus, the spectrometric method for determination of
culture FMDV 146S component concentration showed
94.5-99.5% correlation with rtRT-PCR and CFT based on
the test results.

CONCLUSION

A method for spectrometric determination of 146S par-
ticle concentration during quantification of FMDV RNA
extracted after immune capture is proposed. This is an
inexpensive, easy-to-perform method for determination
of FMDV 146S particle concentration in the non-inacti-
vated vaccine raw material with high ballast component
content.

146S particle concentration was found to depend on
the number of RNA molecules extracted from virions af-
ter their strain-specificimmune capture and quantitatively
detected using the spectrometric method. The presented
spectrometric method allows for FMDV 146S particle con-
centration determination in the non-inactivated vaccine
raw material using the following linear model

39xN +566,783,689

RNA 1465

Crass = 280,818,944,837

The proposed method showed 94.5-99.5% correla-
tion with rtRT-PCR and CFT. Tests of the positive control
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Compatibility of actual and expected results of 146S particle concentration
determination by spectrometric method with rtRT-P(R and CFT (1, =3)

Tabnuua 4

(TeneHb coBnageHns GaKkTMUECKNX 1 0XKMAAEMbIX pe3yNbTaToB
CNeKTPOMETPUYECKOro Cnocoba onpefeneHns KoHLeHTpauuu 1465 yactuy
cOT-NUP-PBuPCK(n =3)

Compatibility of spectrometric

Sample status FMDV strain oy suarrnnt:)is metho?nr:tsltj(l)tjs\,lv‘;)h -
rtRT-PCR [7]

A/Turkey/2006 40 97.0-99.4 96.2-97.1

A/ARRIAH/2015 40 96.8-99.3 94.9-97.0

0/Primorsky/2012 40 98.3-99.2 97.2-98.5

0/Primorsky/2014 40 98.0-99.3 97.0-98.1

test samples Asia-1/Tajikistan/2011 40 98.4-99.5 97.6-98.5

(/Zakarpatsky/1972 40 97.0-97.7 95.2-97.1

SAT-1/Akhalkalaksky/62 40 96.1-97.3 94.8-96.0

SAT-2/Saudi Arabia 7/2000 40 98.0-99.1 96.5-98.2

SAT-3/Bechuanaland 1/65 40 97.9-98.5 94.5-97.9

positive control Asia-1/Tajikistan/2011 40 99.2-99.6 99.0-99.3
negative control - 40 100 100
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demonstrated 99.0-99.6% compatibility of actual and
expected results. FMDV genome and 146S particles were
not detected in the negative control, and that was in line
with expectations.
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SUMMARY

The aim of this study was to determine the efficacy of Afyokarahisar termomineral water in the treatment of nephritis. For this purpose, 40 Albino mouse at the
same daily age were used. Nephritis was induced by adding adenine to their feed at a rate of 0.2% for 6 weeks. After nephritis was induced, a 21-day treatment
period was started, and the mice were equally divided into two groups as control and study. While control group mice were received tap water daily and bathing in
tap water, study group animals were given fresh Siireyya | hot spring water daily and bathing in this water. Clinical, hematological, blood biochemical and histo-
pathological examinations were performed before the study, after nephritis formation, and on days of 1%, 7*, 14 and 21% of treatment period. Results of this study
showed that WBC, NEUT and MCV levels increased significantly (p < 0.05) following nephritis formation, while RBC, HB, HCT, LYM, MCH and MCHC levels decreased
significantly (p < 0.05). It was also determined that AST, GGT, GLU, BUN and IgG levels of blood biochemical parameters were significantly increased (p < 0.05)
and TP, ALB levels decreased significantly (p < 0.05) after nephritis formation. At the end of the study, it was seen that all the measured parameters turned to the
normal range in the study group animals, whereas problems still continuing with control group animals. Consequently, it was concluded that Siireyya | hot spring
water was very successful in the treatment of nephritis and considered as an option in the treatment of nephritis.
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