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SUMMARY

The results of the studies of cytomorphological, karyological, cultural properties of continuous suspension BHK-21/SUSP/ARRIAH subline of newborn Syrian hamster
kidney cells intended for foot-and-mouth disease, rabies, bovine parainfluenza-3, Aujeszky’s disease virus reproduction, as well as for production of diagnostic
veterinary biologicals are presented. When cultured in suspension, BHK-21/SUSP/ARRIAH cell subline undergoes selection towards hypoploidy: modal class is
represented by cells with 41 chromosomes (32—40% of cells); the share of cells containing 40—42 chromosomes is 78—809%; the share of polyploids averages
around 1%; the range of variation in the number of chromosomes is from 36 to 54. BHK-21/SUSP/ARRIAH cell subline cultured in suspension with cell seeding
concentration of 0.6—0.8 million cells/cm? demonstrates growth rate of 6.67—11.00 and 96—99% cell viability. After 48 hours, G1-phase (diploid-2n) cells prevail
in the cell population of the new subline (30.0-75.0% of cells); cells that undergo preparation for mitosis (S-phase) and mitosis (G2+M-phase) account for 3.0
t0 20.0% of the entire population; the number of meganucleated and multinucleated cells (> 4n) at the beginning and at the end of the logarithmic phase increases
to 2%. BHK-21/SUSP/ARRIAH cells recover rapidly after cryopreservation and demonstrate 95—-99% viability and growth rate of 3.36—5.88 at passages 1to 3
and 6.85-10.95 at passages 4 to 12. Continuous suspension BHK-21/SUSP/ARRIAH cell line ensures virus accumulation at the following titres: FMD virus — 7.30—
8.001gTCID, /cm’, rabies virus —7.25-8.00 g CCID, /cm*, bovine parainflunza-3 virus — at least 6.00 Ig TCID, /cm?, Aujeszky’s disease virus —7.50~7.801g TCID, /cm?’.
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PE3IOME

[TpencraBneHbl pe3ynbTaTbl U3y4yeHus LUTOMOPONOrMYecKIX, Kapuonornyeckmx, KyNnbTypanbHbiX XapakTepuCTUK NepeBuBaeMoii CyCneH3MOHHOI KNeTouHoiA cy6-
NIIHAM 13 NOYKN HOBOPOXAEHHOTO CupHiickoro xomauka BHK-21/SUSP/ARRIAH, npesHasHaueHHoi AnA penpoayKLmuy BUPYCOB ALLYpa, belueHcTBa, naparpunna-3
KpyMHOro poraToro ckoTa, 60ne3Hu Ayeckn, a Take AnA U3roToBAeHNA ANarHOCTIYECKIX BeTepuHapHbIX 6uonpenapatos. (yonunna knetok BHK-21/SUSP/ARRIAH
MY CYCMIEH3MOHHOM KyNbTUBUPOBAHNI MPOXOANT CeNEKLIMI0 B HaNpaBReHH rMNonNouANN: MOAANbHBIIA Knacc cooTBeTcTByeT 41 Xpomocome (32—40% kneTok);
JLI0NA KNETOK C KonnuecTBoM Xpomocom 40—42 coctasnset 78—80%; 4ons NOAMNNOMA0B — B CPeSHEM 0Kono 1%; npeaenbl U3MeHUUBOCTA XPOMOCOMHOTO Habopa
COOTBETCTBYHOT AMana3oHy oT 36 Ao 54 xpomocom. Knetounasa cybnunua BHK-21/SUSP/ARRIAH npu cycneH31noHHOM KynbTUBMPOBaHIM C NOCEBHOI KOHLIEHTPa-
umeii 0,6-0,8 MIIH Kn./cm® UMeeT KpaTHOCTb npupocTa 6,67—11,00 npy xuU3Hecnoco6HoCTH KneTok 96—99%. B kneTouHom Wikne nonynsuum HoBO cy6anHIM
yepe3 48 u npeobnagaet G1-¢asa (aunnonpHas-2n), Ha Kotopyto npuxoauTca 30,0—75,0% KneTok; B Ga3ax NOArOTOBKI K MUTO3Y (S-$asa) 1 MUTOTUYECKOTO
nenenna (G2+M-daza) Haxogutca ot 3,0 4o 20,0% Bceit nonynALMM; KONMYECTBO KPYMHOAZEPHDBIX 1 MHOTOAAEPHBIX KNETOK (> 4n) B Hauane 1 KoHLe cTagun
norapupmmyeckoro pocta yenuuusaetca o 2%. Knetku cyénuumn BHK-21/SUSP/ARRIAH 6bicTpo BocCTaHaBAMBaoTCA NOCE KPUOKOHCEPBUPOBAHMA € XM3-
HecnocobHoCTbI 95—99% 1 KpaTHOCTbI0 NpupocTa 3,36—5,88 Ha nepBoM — TpeTbem naccaxax 1 6,85—10,95 — ¢ ueTBepTOro No ABeHaALaTHIN naccax. Mepe-
BUBaeMas cycneH3uoHHasa nuHuA knetok BHK-21/SUSP/ARRIAH obecneunBaet Hakonnexue Bupyca Awypa 8 Tutpax 7,30-8,00lg Tuﬂso/(M3, BUpYca belueHcTBa —
7,25-8,001g KK, /cm®, Bupyca naparpunna-3 kpynHoro poratoro ckota  TuTpax He menee 6,00 1g TLAL, /cv®, Bupyca 6onesnn Ayeckn —7,50~7,801g TUJ /cvr.

KnioueBbie cnosa: knetounas nuuna BHK-21/SUSP/ARRIAH, 6ronoruueckue cBoidCTBa KynbTypbl KNETOK, ALLYP, 6€LLeHCTBO, Naparpunn-3 KpymHoro poratoro
CKoTa, 6one3Hb Ayecku
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INTRODUCTION

Continuous suspension BHK-21 clone 13 line derived
from newborn Syrian hamster kidney cells by M. Stoker
and J. Macpherson in England in 1961 is one of the cell
cultures most commonly used worldwide [1]. The results
of the study were published by the authors in scientific
journals, such as Virology (1962) and Journal of the National
Cancer Institute (1963). Later, the following analogues of
this cell culture were developed:

- BHK-21/13 - a subline of continuous newborn Syrian
hamster kidney cells developed at the Institute of Polio-
myelitis and Viral Encephalitis of the Academy of Medical
Sciences of the USSR (Moscow) [2];

- BHK-21/2-17b - a continuous monolayer-suspension
clone of newborn Syrian hamster kidney cells developed
at the All-Union Foot-and-Mouth Disease Research Insti-
tute (Vladimir) [2, 3];

- BHK-21/13-02 - a continuous monolayer-suspension
subline of newborn Syrian hamster kidney cells developed
at the Federal State Enterprise “Shchelkovo Biocombinat
for FMD and rabies virus reproduction [4];

- BHK-21/13-13 - a continuous monolayer-suspension
subline of newborn Syrian hamster kidney cells developed
at the Federal State Enterprise “Shchelkovo Biocombinat”
for reproduction of type A, O, C, Asia-1, SAT-1, SAT-2, SAT-3
FMDV and “Shchelkovo-51" strain of rabies virus used for
production of virus vaccines against foot-and-mouth dis-
ease and rabies [5, 6].

"
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Continuous cell lines used in biotechnology differ in
respect of morphology, karyology, growth properties, cul-
tivation requirements, maintenance methods and suscep-
tibility to viruses [7, 8]. The available BHK-21 cell sublines
are characterized by high growth rates and allow for FMD
and rabies virus reproduction. Full-scale production of cul-
ture vaccines against FMD, rabies, bovine parainfluenza-3
and Aujeszky’s disease requires the use of a suspension
BHK-21 cell subline to ensure the accumulation of the vi-
ruses with high infectivity titres. BHK-21/13, BHK-21/2-17b,
BHK-21/13-02 and BHK-21/13-13 cell lines allow for prepa-
ration of viruses with the following infectivity titres: FMD vi-
rus — not more than 7.00 Ig TCID, /cm?, rabies virus - 7.00
lg CCID50/cm? [4, 5, 9, 10]. Data on the results of bovine
parainfluenza-3 and Aujeszky’s disease virus cultivation are
not provided in the patents for the said BHK-21 cell sublines.

To respond to the production needs related to the repro-
duction of FMD, rabies, bovine parainfluenza-3 and Aujesz-
ky’s disease viruses with high infectivity titres, BHK-21/2-17b
cell subline was developed at the All-Union Foot-and-Mouth
Disease Research Institute by means of BHK-21 clone 13 cell
culture selection, from which a new BHK-21/SUSP/ARRIAH
subline was derived 30 years later by means of permanent
cultivation in suspension. BHK-21/SUSP/ARRIAH cell subline
was deposited in the Specialized Cell Culture Collection of
the Center for Collective Use “Collection of Vertebrate Cell
Cultures” of the Institute of Cytology of the Russian Acade-
my of Sciences with No. RKKK(P) 797 D [11].
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The study is aimed at examining the biological proper-
ties of continuous suspension BHK-21/SUSP/ARRIAH sub-
line of newborn Syrian hamster kidney cells and evaluating
the possibility of using it for animal virus reproduction.

MATERIALS AND METHODS

Cell cultivation in suspension was carried out using
semi-continuous culture technique in glass and metal
fermenters with the capacity of 40 to 2,000 | in separate
cycles, 10-12 passages each. A culture growth medium
containing 5% of bovine serum, blood protein hydroly-
sate at a concentration of 15-20 cm?®/dm?3, Hottinger’s
digest (2-10 cm?/dm?), 8 proteinogenic aminoacids, vi-
tamins and mineral salts were used for cultivation. Cell
seeding concentration was 0.6-0.8 million cells/cm?3.
Every 12 hours, pH levels, live and dead cell concentra-
tions, suspension sterility were measured. During cell
reproduction, lactate was formed, and this contributed
to pH decrease. Therefore, a 7.5% baking soda solution
was added to the cell suspension and/or pH was adjusted
by bubbling.

Cell morphology analysis. Cells were examined using
phase contrast microscopy at different magnifications. In
order to assess the nucleus-to-cytoplasm ratio, the sus-
pension cells were treated with acridine orange. The acri-
dine orange exposure resulted in bright greenish-yellow
staining of nuclei visualized on the yellow background of
cytoplasm. Trypan blue staining was used for cell viability
determination [12].

Karyological analysis of cells was carried out using the
technique described by P. S. Moorhead et al. [13] that al-
lows for detection of metaphase chromosome. Log phase
cells collected from the fermenters were transferred onto
the solid substrate in the growth nutrient medium con-
taining 0.001% of colchicine and incubated for 3-4 hours.
Rounded metaphase cells were agglomerated by shaking
and then concentrated by centrifugation of the suspen-
sion. The further process was carried out in centrifuge
tubes as follows: 10 minutes - hypotonic treatment at
36 °C; 3 treatments with fixing solution, 10 minutes each,
with centrifuging at 22-25 °C. The resulting suspension
was applied to the chilled slides with a Pasteur pipette and
stained with Giemsa's solution for 10-15 minutes. After the
preparation had been prepared, 100 metaphase plates

were photographed, the number of chromosomes in them
was calculated using immersion microscopy at 90x mag-
nification, and karyogram was plotted [14].

Cytometric analysis of the cell subline. The comparative
analysis of cell cycle phases was carried out by means of
cytometry [15, 16] (n = 22) using an Accuri C6 flow cyto-
meter and the cell DNA detection kit “C6 Flow Cytometer
Fluid Kit” (BD Accuri™, USA) according to the manufactu-
rer's recommendations. DNA histograms were obtained for
the subline cells 48 hours after subcultivation.

DNA eluates were analyzed in the cytometer using
the programme “Analysis of cell cycle parameters and
DNA content in live cells”. The process lasted 2 hours; fluo-
rescent signal was recorded. Cell distribution by G1/GO0-,
S- and G2/M-phases of the cell cycle was determined by
measuring relative DNA content in the cells using DNA
binding fluorescent dyes.

Cryopreservation of the cell suspension was carried out
in 100 cm?® vials using a cryomedium (a growth medium
supplemented with 7-10% of dimethyl sulfoxide and 20%
of fetal calf serum). The cell suspension was cooled to mi-
nus 70 °C at a cooling rate of 2 °C/min, to minus 150 °C - at
10 °C/min; then the vials were placed in liquid nitrogen at
minus 196 °C. The cell suspension was thawed at 39-42 °C
during 2 minutes.

For cell thawing, direct seeding method comprising the
following steps was used: rapid thawing of the suspension
at 37 °C using a water bath; mixing of 1.0 cm? of cells with
20 cm?® of the culture growth medium containing 10% of
calf serum (cell seeding concentration was 0.5-0.7 mil-
lion cells/cm?3); incubation of cells for 12 hours with sub-
sequent change of the medium in order to remove the
cryopreservation agent.

Viruses. The following viruses were used: FMDV A/Tur-
key/2006, O/Saudi Arabia/2008, Asia-1/Tajikistan/2011
strains, rabies virus“ARRIAH" and “RV-97" strains, Aujeszky’s
disease virus “VK” and “K” strains, bovine parainfluenza-3
virus “VGNKI-4" strain.

RESULTS AND DISCUSSION

BHK-21/SUSP/ARRIAH cell morphology analysis in
comparison with BHK-21/2-17b. Cell morphology of
BHK-21/2-17b subline was studied at the time of paten-
ting in 1986 (Fig. 1).

Fig. 1. Cell morphology of BHK-21/2-17b subline
(passage 1, at the time of patenting in 1986; magnification 80x)

Fig. 2. Cell morphology of BHK-21/2-17b subline
(passage 2; magnification 80x)
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Fig. 3. Cell morphology of BHK-21/SUSP/ARRIAH subline
(magnification 80x)

Morphologically, the cells were found to be amor-
phous; in other words, passage 1 cells seeded onto the
substrate did not have a definite form, moved actively and
attained a spherical form only during division. Passage 2
cells of this subline were fully adherent and attained an
epithelioid form (Fig. 2). When all available substrate was
covered with cells, some of the cells formed a suspension
and demonstrated high proliferation rates (their growth
rate was not less than 4-6).

The morphology of suspension BHK-21/SUSP/ARRIAH
cellsis shown in Figure 3. The morphology studies showed
that the cells remained practically unchanged externally
as compared with BHK-21/2-17b subline. Small cells of
8-10 um in size prevailed in the population (up to 90%).
It should be noted that, when passaged on the horizontal
surface, the cells demonstrated low adhesion (the excep-
tions were polyploids) and moved intensively. Multiple
mitotic divisions resulted in a significant increase in sus-
pension cell concentration in the culture flask. Thus, the
developed BHK-21/SUSP/ARRIAH cell subline is exclusively
a suspension cell subline.

For nucleus-to-cytoplasm ratio assessment, 50 samples
of the suspension of BHK-21/SUSP/ARRIAH cells grown in
the glass and metal fermenters were collected and treated

Fig. 4. Visualization of nuclei of suspension BHK-21/SUSP/ARRIAH

subline cells stained with acridine orange

with acridine orange. The acridine orange exposure resul-
ted in bright greenish-yellow staining of nuclei visualized
on the yellow background of cytoplasm (Fig. 4).

Based on nucleus and cell diameter measurements, it
was concluded that the new subline demonstrates a larger
nucleus size in relation to cytoplasm and cell size. In most
cases, the nucleus made up 60-80% of the cell volume.

Karyological analysis of BHK-21/SUSP/ARRIAH cells in
comparison with BHK-21/2-17b. Chromosome prepara-
tions for the karyological analysis were prepared according
to the technique described by P. S. Moorhead et al. [13];
then 100 metaphase plates were examined microscopical-
ly and microphotographed, the number of chromosomes
was calculated, and karyogram was plotted.

Figure 5 shows BHK-21/2-17b cell population com-
position at the time of patenting in 1986. Multiple tests
showed the stable predominance of 42-chromosome
cell populations (28-40% of the entire population). The
following chromosome numbers were detected: 36 chro-
mosomes - in 1% of the populations, 37 chromosomes -
in 2%, 38 chromosomes —in 9%, 39 chromosomes - in 3%,
40 chromosomes - in 8%, 41 chromosomes — in 27%,
42 chromosomes - in 40%, 43 chromosomes - in 7%,
44 chromosomes — in 2%, polyploids made up 1%.
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Fig. 5. Karyogram of BHK-21/2-17b subline cell population at the time of patenting (1986)
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During three decades, monolayer culture of these cells
was not used in production. As a result of suspension
cultivation in the growth medium during about 100 con-
secutive passages, BHK-21/2-17b cells transformed into a
new cell subline, BHK-21/SUSP/ARRIAH. The populations
of cells of this line grown in 40, 250 and 2000 dm3 fermen-
ters were subjected to karyological analysis. Fifty samples
from each of the cell suspensions prepared 48 hours af-
ter seeding were used for the tests. It was found that the
cells had undergone some karyological changes under
homogeneous culture conditions. The modal class of the
new subline is represented by cells with 41 chromosomes
(32-40% of the population). The share of cells containing
40-42 chromosomes is 78-80%, the share of polyploids
averages around 1%. The range of variation in the number
of chromosomes in BHK-21/SUSP/ARRIAH cells is from 36
to 54.The following chromosome numbers were detected:
36 chromosomes —in 0-1% of the populations, 37 chromo-
somes — in 0-4%, 38 chromosomes —in 1-9%, 39 chromo-
somes — in 3-5%, 40 chromosomes — in 8-24%, 41 chro-
mosomes — in 33-40%, 42 chromosomes - in 15-27%,
43 chromosomes - in 6-12%, 44 chromosomes — in 2-3%,
46 chromosomes - in 0-2%, and 52-54 chromosomes —
in 0-2% (Fig. 6).

Cytometric analysis of BHK-21/SUSP/ARRIAH cells in
comparison with BHK-21/2-17b. DNA histograms pre-
sented in Figure 7 and data in Table 1 were obtained in the
course of comparative analysis of cell cycle phases of the
two sublines 48 hours after cell suspension subcultivation.

Based on the data obtained, it was found that apoptotic
cells and cell debris made up 51.0-60.0% of BHK-21/2-17b
cells, that is 5.0-31.0% more than the percentage for
BHK-21/SUSP/ARRIAH subline (20.0-55.0%). Cells undergo-
ing G1-phase (pre-synthesis phase) made up 30.0-75.0%
of BHK-21/SUSP/ARRIAH subline cells and 28.0-70.3% of
BHK-21/2-17b subline cells. This phase is characterized by
cell preparation for chromosome duplication, intensive
synthesis of polypeptides, an increase in the number of
mitochondria and ribosomes. The share of G1-phase cells
in the new subline was 2.0-4.7% more as compared with
BHK-21/2-17b subline. Apparently, some of BHK-21/2-17b
cells, in between mitotic M-phase and the beginning of

Table 2
Evaluation of growth properties of suspension BHK-21/SUSP/ARRIAH subline cells in comparison with prototype cell sublines

Monolayer cultivation Suspension cultivation

BO1 2(1) 48 ch 6.6.19

Gate: [Mo Gating] o _Gate: [Mo Gating]

B05 BHKSEg pr 48h B.6.18povio

=
=
=]

Count
Count

il 500 000
FLz2-A

Fig. 7. DNA histogram of BHK-21/SUSP/ARRIAH (A)
and BHK-21/2-17b (B) subline cells

1000000 1 400 000 i

500 000
FL=2-A

Table 1

1000 000 1 400 000

Comparative analysis of life cycles of BHK-21/SUSP/ARRIAH and BHK-21/2-17b subline

cells based on cytometry data

Percentage of cells undergoing the specified
cell cycle phase, %

Cell cycle phase

Difference in cell
percentages, %

ErA BHK-21/2-17b
Apoptosis 200-55.0 51.0-600 31.0-50
61-phase 300-75.0 280-703 20-47
S-phase 20-330 15-300 05-30
62+M-phase 30-200 26-180 04-20

G1-phase, enter apoptosis, and this subsequently has im-
pact on the growth rate of the entire population.

Cells undergoing S-phase (synthesis phase) that in-
volves cell DNA replication in many replicons and the be-
ginning of centriole duplication in the cell centre make
up 2.0-33.0% of BHK-21/SUSP/ARRIAH subline cells and

Cell subline monolayer . number of cells )
split ratio formation time, monqlayer RIZ per cultivation growth rate e concentrgtwn, viable cells, %
q time, days fask. min* min/cm
ays ask, min
BHK-21/13 13 2-3 3 40-45 maintained as suspension**
BHK-21/2-17b 13 2-3 5 40-45 6.00-7.00 2.30-2.80 95-99
BHK-21/13-02 1:2-1:3 2-3 5 40-45 6.00-8.00 up to 4.00 95-99
BHK-21/13-13 1:2-1:3 2-3 5-6 40-45 6.00-8.00 2.40-4.00 95-98
BHK/SUSP/ARRIAH low adhesion, amorpfous cels with multiple 6.67-11.00 £00-5.50 96-99
cytoplasmic protrusions

*a cultivation flask with a growth surface area of 375 cm?is used;
** detailed information on suspension cultivation [6, 10] is not reflected.
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Fig. 8. Growth rate variations of BHK-21/SUSP/ARRIAH subline cells
recultivated after cryopreservation (mean growth rate values are provided;
n=30,p<0.005)

1.5-30.0% of prototype line cells, i.e. 0.5-3.0% less as com-
pared with the cells of the new subline.

After 48 hours, cells undergoing G2-phase (post-syn-
thesis phase) characterized by energy accumulation,
protein accretion for mitosis and tetraploid DNA content
attainment and cells undergoing M-phase (mitosis) ac-
count for 3.0-20% of BHK-21/SUSP/ARRIAH cells, which is
0.4-2.0% more than the percentage for BHK-21/2-17b cells
(2.6-18%); this is indicative of a greater capacity of the cells
of the new subline to continue division.

Thus, as a result of suspension cultivation in the
growth medium with modified composition during about

Table 3
Cultivation of FMD, rabies, bovine parainfluenza-3 and Aujeszky’s disease viruses
in suspension BHK-21/SUSP/ARRIAH cell subline (p < 0.005)

. . (ytopathic e Number
Cultivated viruses effect, % Virus infectivity titre of tests
FMDV X
AfTurkey/06 strain 95-98 7.30+0.131gTCID /cm 100
FMDV 3
0/Saudi Arabia/08 strain 95-98 7.80+0.231gTCID, /cm 100
FMDV ;
Asia-1/Tajikistan/11 strain 9599 8.00+0.21lgTCID,/em 80
rabies virus .
“ARRIAH” strain 95-99 8.00+0.131g CCID, /cm 40
rabies virus s
YRV-97" strain 95-99 7.25+0.201g CCID, /cm 40
Aujeszky’s disease virus 95-97 | 7.80+0.151gTCID. /am’ 40
“VK” strain DA 50
AUJESZIEIy , dlsgase virus 95-97 7.50 +£0.191gTCID, /cm? 40
K" strain 50
bovine parainfluenza-3 virus .
NGNKI-4" strain 95-98 6.000.151gTCID /cm 50
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100 consecutive passages, BHK-21/2-17b cells transformed
into a new cell subline, BHK-21/SUSP/ARRIAH, in which, af-
ter 48 hours, cells undergoing G1-phase of the cell cycle
prevail (30.0-75.0% of cells). Cells undergoing the phases
of preparation for mitosis and mitosis (G2+M-phase) ac-
count for 3.0 to 20.0% of the entire population. The num-
ber of meganucleated and multinucleated cells (> 4n) at
the beginning and at the end of the logarithmic phase
increases to 2%. In other words, the basic population, ap-
parently, underwent selection manifested as a 5.0-31.0%
decrease in the number of apoptotic cells and cell debris
amount and an increase in the number of cells undergo-
ing G1-, S- and G2+M-phases that ensure cell growth by
2.0-4.7; 0.5-3.0 and 0.4-2.0%, respectively.

Evaluation of growth properties of BHK-21/SUSP/
ARRIAH subline cells in comparison with prototype sub-
lines. BHK-21/SUSP/ARRIAH cells resulting from long-term
suspension cultivation (100 consecutive passages) were
tested for their growth properties in comparison with
prototype BHK-21/13, BHK-21/2-17b, BHK-21/13-02 and
BHK-21/13-13 sublines. The test results are presented
in Table 2. These data show that BHK-21/SUSP/ARRIAH
cells cultivated in suspension using semi-continuous
culture technique (seeding concentration is 0.5-0.6 mil-
lion cells/cm?) reach a concentration of 4.0-5.5 million
cells/cm?® after 48 hours of cultivation under optimum con-
ditions. Thus, they demonstrate growth rates of 6.67-11.00
and 96-99% viability. Suspension BHK-21/SUSP/ARRIAH
cells grown in culture flasks under static conditions were
characterized by low adhesion, amorphous form, multi-
ple cytoplasmic protrusions (the protrusion dynamics
spanned a period of several minutes).

Viability tests of BHK-21/SUSP/ARRIAH subline cells
recultivated after cryoconservation. The number of living
cells was determined in suspension after cryopreserva-
tion (n=10). Based on the test results, it was found that the
viability of cells after cryopreservation was 85-90% at pas-
sage 1 and increased to 96-99% starting from passage 2.

One-day proliferation delay was observed in dep-
reserved cells grown in suspension during passage 1.
Figure 8 shows BHK-21/SUSP/ARRIAH cell growth rates
for 12 consecutive passages after cryopreservation. Pro-
liferation rates at passages 1-3 varied from 3.36 + 0.21
t0 5.88 +£0.15 (p < 0.005). Starting from passage 4, growth
rates were from 6.85 £ 0.18 to 10.95 £ 0.31 (p < 0.005). It is
considered that the normal growth rate for BHK-21 cells is
4 and above [9, 17]. In other words, BHK-21/SUSP/ARRIAH
cell line attains the required cell growth rate starting from
passage 2. The highest cell proliferation rate for the test-
ed subline was observed at passage 9. It should be not-
ed, that at passage 12 the cell growth rate was 7.02 and
exceeded the lower normal value by 3.02. Thus, BHK-21/
SUSP/ARRIAH cell subline is recultivated rapidly after cryo-
preservation and demonstrates high proliferation rates (up
to 10.95 £ 0.31) and 95-99% cell viability.

Reproduction of FMD, rabies, bovine parainfluenza-3
and Aujeszky’s disease viruses in BHK-21/SUSP/ARRIAH
subline cells in comparison with prototype sublines
(based on literature data). To prepare virus-containing
material for virus vaccine production, the following virus
strains were reproduced in continuous suspension BHK-21/
SUSP/ARRIAH cells: FMDV A/Turkey/2006 (n = 100), O/
Saudi Arabia/08 (n = 100), Asia-1/Tajikistan/2011 (n = 80)
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strains, rabies virus “ARRIAH" (n = 40) and “RV-97" (n = 40)
strains, Aujeszky’s disease virus“VK” (n = 40) and “K” (n = 40)
strains, bovine parainfluenza-3 virus “VGNKI-4" (n = 50)
strain (Table 3).

The comparative analysis based on the obtained re-
sults and literature data for prototype cell sublines [4, 5]
demonstrated that FMDV caused 95-99% cytopathic ef-
fect (CPE) and showed infectivity titres of 7.30 + 0.13 to
8.00 + 0.21 Ig TCID, /cm? (n = 280), when cultivated in
BHK-21/SUSP/ARRIAH cells, and up to 7.00 Ig TCID, /cm?
in BHK-21/2-17b, BHK-21/13-02 and BHK-21/13-13 cell
cultures.

Rabies virus caused 95-99% CPE and showed infec-
tivity titres of 7.25 + 0.20 to 8.00 + 0.13 Ig CCID, /cm?
(n = 80), when reproduced in BHK-21/SUSP/ARRIAH cell
subline, 6.50 g CCID, /cm?® in BHK-21/13-02 cell culture, up
to 7.00 Ig CCIDSO/cm3 in BHK-21/2-17b and BHK-21/13-13
cell cultures. Aujeszky’s disease virus cultivated in BHK-21/
SUSP/ARRIAH cell culture caused 95-97% CPE and was
accumulated with infectivity titres of 7.50 + 0.19 to
7.80 = 0.15 Ig TCID, /cm? (n = 80); bovine parainfluen-
za-3 virus caused 95-98% CPE and showed infectivity titres
of up t0 6.00 £ 0.15 Ig TCID, /cm? (n = 50).

Thus, the cells of BHK-21/SUSP/ARRIAH subline
developed for production of virus vaccines and diag-
nostic veterinary biologicals allow for FMD virus repro-
duction with titres of up to 8.00 = 0.21 Ig TCID, /cm?,
i.e.1.001g TCID, /cm? higher in comparison with prototype
sublines (not more than 7.00 Ig TCID, /cm?). The proposed
subline ensures rabies virus accumulation with titres of up
to 8.00 + 0.13 Ig CCID, /cm?, i.e. 0.25-1.00 Ig CCID, /cm?
higher in comparison with prototype lines (not more
than 7.00Ig CCID, /cm?), as well as bovine parainfluenza-3
and Aujeszky’s disease virus accumulation with titres of
6.00+0.15and upto 7.80 £ 0.15Ig TCID, /cm?, respectively.

CONCLUSION

The biological properties of continuous suspension
BHK-21/SUSP/ARRIAH subline of newborn Syrian hamster
kidney cells were studied, and the possibility of using it
for foot-and-mouth disease, rabies, bovine parainfluen-
za-3, Aujeszky’s disease virus reproduction was evaluated.

It was found that BHK-21/SUSP/ARRIAH cell subline,
when cultured in suspension, undergoes selection to-
wards hypoploidy: modal class is represented by cells
with 41 chromosomes (32-40% of cells); the share of cells
containing 40-42 chromosomes is 78-80%; the share of
polyploids averages around 1%; the range of variation in
the number of chromosomes is from 36 to 54.

It was detected that BHK-21/SUSP/ARRIAH cell subline
cultivated in suspension using semi-continuous culture
technique demonstrates exponential growth (prolifera-
tion rate decreases after 48 hours) with growth rates of
6.67-11.00 and 96-99% cell viability.

It was established that suspension BHK-21/SUSP/
ARRIAH cells grown under static conditions are charac-
terized by low adhesion, amorphous form, multiple cyto-
plasmic protrusions and during mitosis accumulate in the
culture medium in suspension.

It was found that, after 48 hours, G1-phase cells
prevail in the cell population of BHK-21/SUSP/ARRIAH
subline (30.0-75.0% of cells); cells that undergo prepa-
ration for mitosis and mitosis (G2+M-phase) account
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for 3.0 to 20.0% of the entire population; the number of
meganucleated and multinucleated cells (> 4n) at the
beginning and at the end of the logarithmic phase in-
creases to 2%.

Suspension BHK-21/SUSP/ARRIAH cells were found
to recover rapidly after cryopreservation demonstrating
95-99% viability and growth rates of 3.36-5.88 (passa-
ges 1-3) and 6.85-10.95 (passages 4-12).

The study showed that suspension BHK-21/SUSP/
ARRIAH cells allow for virus reproduction with the fol-
lowing titres:

~ FMD virus - 7.30-8.00 Ig TCID, /em?;

- rabies virus - 7.25-8.00 Ig CCID, /cm?;

-bovine parainflunza-3 virus - atleast 6.00 Ig TCID, /cm?;

- Aujeszky’s disease virus - 7.50-7.80 Ig TCID, /cm?®.

REFERENCES

1. Stoker M., Macpherson I. Syrian hamster fibro-
blast cell line BHK-21 and its Derivatives. Nature. 1964;
203:1355-1357.DOI: 10.1038/2031355A0.

2. Manin B. L., Mikhalishin V. V., Korpusova T. I., Steg-
niy B.T., Lavrik A. A. Biological tolerance parameters of pro-
duction BHK-21 cell culture [Parametry biologicheskoj to-
lerantnosti proizvodstvennoj kletochnoj kultury BHK-21].
Veterinary Medicine: Inter-Departmental Subject Scientific
Collection. Kharkiv; 2002; 80: 404-408. (in Russian)

3. Sokova V. V., Aliyeva L. A., Bondarenko A. F., Khudya-
kov G. A. BHK-21/2-17b line of newborn Syrian hamster
kidney cells [Kletochnaya liniya pochki novorozhdenno-
go sirijskogo homyachka BHK-21/2-17b]. Certificate of
Authorship No. 240289 USSR. All-Union Foot-and-Mouth
Disease Research Institute; 1986. (in Russian)

4. Eliseev A. K., Melnik N. V., Zenov N. I, Litenkova I. Yu.,
Bogach V. N., Ilvanov V. S., et al. BHK-21/13-02-transplan-
table monolayer-suspension subline of newborn syrian
hamster kidney cells, intended for FMD virus and rabies
virus reproduction. Patent No. 2614074 Russian Federation,
Int. C12N 5/07 (2010.01). FKP“Shchelkovskij biokombinat”.
No. 2005116301. Date of filing: 31.05.2005. Date of publi-
cation: 22.03.2017. Bull. No. 9. (in Russian)

5. Eliseev A. K., Zenov N. I, Krasutkin S. N., Mel'nik N. V.,
Khajkina L. S., Litenkova I. Yu., et al. BHK-21/13-13-fi-
nite monolayer-suspension cell subline of kidney of
new-born syrian hamster, intended for reproduction of
foot-and-mouth disease virus and rabies virus. Patent
No. 2553552 Russian Federation, Int. C12N 5/071 (2010.01).
FKP “Shchelkovskij biokombinat”. No. 2014131866/10.
Date of filing: 01.08.2014. Date of publication: 20.06.2015.
Bull. No. 17. (in Russian)

6. Russian Cell Culture Collection (RCCC) [Rossijs-
kaya kollekciya kletochnyh kul'tur (RKKK)]: catalogue.
Ed. by G. P. Pinayev, G. G. Polyanskaya. St. Peters-
burg; 2004. 315 p. (in Russian)

7. Bailey J. E., Ollis D. F. Biochemical Engineering Funda-
mentals. 2" ed. New Delhi: McGraw-Hill, Inc.; 1986. 984 p.

8. Cell culture techniques [Metody kul'tivirovaniya
kletok]: Proceedings of the Academy of Sciences of the
USSR. Executive ed. G. P. Pinayev. L.: Nauka; 1988. 319 p.
(in Russian)

9. Catalogue of Russian Cell Culture Collection [Kata-
log Rossijskoj kollekcii kletochnyh kul'tur]. Executive
ed. G. P. Pinayev, G. G. Polyanskaya. Omsk: Omsk State
Pedagogical University (OSPU); 1999. 429 p. (in Russian)

237



238

ORIGINAL ARTICLES | BIOTECHNOLOGY OPUTUHAJIbHBIE CTATbI | BUOTEXHONOT A

10. Yurkov S. G., Zuyev V. V., Sidorov S. I., Kushnir S. D.,
Smyslova N.Yu., Neverovskaya N. S., et al. Catalogue of Cell
Culture Collection of the All-Russian Research Institute of
Veterinary Virology and Microbiology (VNIIVViM) [Katalog
kollekcii kletochnyh kul'tur VNIIVViM]. Pokrov; 2000; 60-62.
eLIBRARY ID: 21632428. (in Russian)

11. Lozovoy D. A., Guseva M. N., Mikhalishin D. V., Doro-
nin M. I, Manin B. L., Shishkova A. A., et al. BHK-21/SUSP/
ARRIAH - continuous suspension subline of newborn
syrian hamster kidney cells, intended for reproduction
of foot-and-mouth disease viruses, rabies, parainfluen-
za-3, Aujeszky's disease in producing antiviral vaccines, as
well as for making diagnostic and preventive veterinary
biopreparations. Patent No. 2722671 Russian Federation,
Int. C12N 5/10 (2006.01). FGBI “ARRIAH". No. 2019131190.
Date of filing: 01.10.2019. Date of publication: 02.06.2020.
Bull. No. 16. (in Russian)

12. Polyanskaya G. G. Karyotype variation patterns in
cell cultures during long-term cultivation in different cell
lines [Zakonomernosti kariotipicheskoj izmenchivosti
v kletochnyh kul'turah pri dlitel'nom kul'tivirovanii v raz-
nyh liniyah]: author’s abstract of Candidate of Science (Bio-
logy) thesis. St. Petersburg; 2000. 38 p. (in Russian)

13. Moorhead P. S., Nowell P. C., Mellman W. J., Bat-
tips D. M., Hungerford D. A. Chromosome preparations of
leukocytes cultured from human peripheral blood. Exp. Cell.
Res. 1960;20:613-616.DOI: 10.1016/0014-4827(60)90138-5.

14. Mamayeva S. Ye. Chromosomal analysis of cultured
cells [Hromosomnyj analiz kul'tiviruemyh kletok]. In: Cell
culture techniques. L.: Nauka; 1987; 78-98. (in Russian)

15. Kudryavtsev . V., Khaydukov S. V., Zurochka A. V.,
Chereshnev V. A. Flow cytometry in experimental biolo-
gy [Protochnaya citometriya v eksperimental’noj biologii].
Yekaterinburg: Ural Branch of the Russian Academy of Sci-
ences (UB RAS); 2012. 192 p. (in Russian)

16. Ormerod M. G., Tribukait B., Giaretti W. Consensus
report of the task force on standardisation of DNA flow cy-
tometry in clinical pathology. Analytical Cellular Pathology.
1998; 17 (2): 103-110. DOI: 10.1155/1998/842306.

17.Rais Y., Zviran A., Geula S., Gafni O., Chomsky E., Viu-
kov S., et al. Deterministic direct reprogramming of soma-
tic cells to pluripotency. Nature. 2013; 502 (7549): 65-70.
DOI: 10.1038/nature12587.

Received on 12.03.2021
Approved for publication on 05.05.2021

INFORMATION ABOUT THE AUTHORS / UHOOPMALIUA 06 ABTOPAX

Maksim 1. Doronin, Candidate of Science (Biology), Leading
Researcher, Laboratory for FMD Prevention, FGBI “ARRIAH”,
Vladimir, Russia.

Marina N. Guseva, Candidate of Science (Biology), Senior
Researcher, Laboratory for FMD Prevention, FGBI “ARRIAH”,
Vladimir, Russia.

Dmitry V. Mikhalishin, Candidate of Science (Veterinary
Medicine), Head of Laboratory for FMD Prevention, FGBI“ARRIAH’,
Vladimir, Russia.

Andrey S. Sharypov, Candidate of Science (Veterinary Medicine),
Researcher, Department for Research Coordination, FSBI CNMVL,
Moscow, Russia.

Natalia S. Mudrak, Doctor of Science (Biology), Chief Researcher,
Reference Laboratory for Avian Viral Diseases, FGBI “ARRIAH",
Vladimir, Russia.
Natalia Ye. Kamalova, Doctor of Science (Veterinary Medicine),
Chief Researcher, Centre for Preclinical Studies, FGBI “ARRIAH",
Vladimir, Russia.
Boris L. Manin, Candidate of Science (Biology), Leading Researcher,
Sector for Cell Culture, Innovation Department, FGBI “ARRIAH",
Vladimir, Russia.

LopoHuH Makcum UropeBuy, KaHaMAAT GV0IOTMYECKIX HaykK,
BeJyLMA HayYHbIi COTPYAHWK nabopatopun nNpodunakTmkm
Auypa OreY «BHUN3X», r. Bnagummp, Poccua.

lyceBa MapuHa HukonaeBHa, KaHAMAAT GUONOMMYECKX HayK,
CTapLMii HayUYHbI COTPYAHMK nabopatopun npodunakTnkm
Auwypa OrbY «<BHUM3X», r. Bnagummp, Poccua.

Muxanuwux Jmutpuii BanepbeBuy, KaHANAAT BETEPUHAPHDbIX
HayK, 3aBefylowuin nabopatopuein NnpodunakTmky Awypa
OrBY «<BHUWN3X», r. Bnagnmup, Poccua.

LlWapbinoe AHpgpenn CepreeBuy, KaHAMAaT BeTepUHaAPHbIX
HayK, HayuHblli COTPYAHUK OTAena KOOpAMHALMUN HayyHO-
nccnepoBatenbckrx pabot by LIHMBJ, r. Mocksa, Poccus.

Mypnpak Hatanba CtaHucnaBoBHa, JOKTOP 6ronornyeckmx
HayK, rMaBHbI HayYHbI COTPYAHUK pedepeHTHOI nabopaTtopun
BUPYCHbIX 6onesHen ntiy OrBY «BHUU3X», r. Bnagumup, Poccus.

KamanoBa Hatanba EBreHbeBHa, JOKTOpP BeTepPUMHAPHbIX
HayK, MMaBHbI HayuYHbI COTPYAHMK LEHTPa LOKIVHUYECKUX
nccneposanuii OIBY «BHUN3X», r. Bnagumup, Poccus.

MaHuH Bopuc JleoHnaoBNY, KaHANAAT GUONOTNYECKNX HayK,
BeAyLMIN HAYYHbI COTPYAHMK CEKTOPaA KyNbTYpbl KIIETOK OTAeNa
nHHoBauumin OIBY «BHUWN3X», r. Bnagumunp, Poccua.
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