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SUMMARY

Compliance with the existing purity and safety requirements forimmunobiologicals can be effectively achieved by the use of serum-free nutrient media and spe-
cialised supplements of non-animal origin. The paper shows the possibility of using Sheff-Vax ACF® supplements (Kerry, Inc., Ireland) for BHK-21/SUSP/ARRIAH cell
cultivation and FMDV reproduction. By passage 7, cell concentration and growth rate with Sheff-Vax Plus PF ACF were found to be 40-60% higher than with Sheff-
Vax PF ACF and Sheff-Vax Plus ACF. No differences were observed as regards changes in pH. During FMDV reproduction in the cells, it was found that the number of
146+75S components in the test samples containing 1 million cells was 2.3—2.4 higher compared to the controls. Cells cultured with the use of Sheff-Vax Plus PF ACF
supplement had normal morphology and multiple dynamic protrusions. In the presence of this supplement, growth rate and suspension concentration in the test
and control samples became equal by passage 7. The number of immunogenic components of FMDV reproduced in the cells grown using Sheff-Vax Plus PF ACF
was 20—-30% higher than in the cells grown using other supplements. BHK-21/SUSP/ARRIAH cell concentration and growth rate in the presence of specialised
supplements were found to be lower than those in the control samples with serum and blood protein hydrolysate added to the nutrient medium. The virus yield from
1 million cells was higher in the culture grown using Sheff-Vax ACF supplements. Sheff-Vax Plus PF ACF was found to be the most suitable for BHK-21/SUSP/ARRIAH
cell cultivation and FMDV reproduction in the said cells out of the three tested supplements.
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PE3IOME

lpenbaBnAeMble B HacToALLLee BpeMA K MMMYHOOMONOrMYeckim npenaparam Tpe6oBaHuA YUCTOTbI 1 6e30MacHOCTU MOTYT ObITb IPHEKTUBHO ZOCTUTHYTHI NpK
NCNonb3oBaHUM 6eCCbIBOPOTOYHDIX NUTATENbHbIX CPEA U CMIELMANN3NPOBAHHDBIX L06aBOK HEXIBOTHOT0 NPONCXOXAEHNA. B faHHOIH paboTe nokasaHa BO3MOX-
HOCTb NpuMeHenua fobasok Sheff-Vax ACF®, npoussoaumbix komnanueit Kerry, Inc. (Mpnanaus), ana kynstusupoBaHua kynsTypbl knetok BHK-21/SUSP/ARRIAH
1 penpoayKLmn BUpYca ALypa. bbino oTMeyeHo, uTo K cesbMoMy naccaxxy B npucyTctaum gobasku Sheff-Vax Plus PF ACF KoHLeHTpaLmna Knetok 11 KpaTHOCTb
npupocta 6binm Bbilwe Ha 40-60%, uem npu BHeceHnn fo6aBok Sheff-Vax PF ACF u Sheff-Vax Plus ACF. He 06Hapy»eHo pa3nuuuii B U3MmeHeHUH BOAOPOAHOMO
noka3artens. [lpu penpoayKLMM BUpYCa ALLypa B MONYYEHHbIX KNeTKax onpeAenunn, 4To B OMbITHbIX 06pa3uax ¢ 1 MaH KneTok 146+755 KOMMOHeHTOB 6bino
6onblue B 2,3—-2,4 pasa no cpaBHeHUt ¢ KoHTponem. Mpu KynbTusupoBaHuu ¢ fobaskoii Sheff-Vax Plus PF ACF knetkin umenn HopmanbHyto mopdonoruio,
MHOXeCTBO ANHAMMUeCKIX BbIPOCTOB. B npucyTcTBUM AaHHOI J06aBKM K cefibMOMY Naccaxy Takue nokasaTeNu, kak KpaTHOCTb MPUPOCTA 1 KOHLEHTpaLms
CyCneH3uH, B KOHTPOMbHDIX 11 OMbITHbIX 06pa3Liax BblpaBHMBaNMCh. K0AMYeCTBO MMMYHOTEHHbIX KOMMOHEHTOB BUPYCa ALLYPa, PeNpoayLMPOBAHHOTO B KNeTKax
CyKa3aHHoil f06aBKOiA, Obino BbilLe Ha 20—30%, Yem B KneTKax, BbIpOCLLX C MPUMEHeHnem Apyrinx 06aBOK. YCTaHOBNEHO, YTO KOHLIEHTPaLMA KNeToK MHUN
BHK-21/SUSP/ARRIAH v KpaTHOCTb NpupoCTa B NPUCYTCTBUM CMELManu3upoBaHHbIX 406aBoK Obina MeHbLUe, YeM B KOHTPONbHbIX 06pa3uiax ¢ fobasneHnem
CbIBOPOTKM 1 TMApONIM3aTa 6eNnkoB KpoBY B NUTaTenbHyto cpefy. [py 3ToM BbIX0A BUpYca ¢ T MIIH KNeTok 6bin Bbile B KYNbType, BbIPOCLLEN NP BHECEHUH
nobasok Sheff-Vax ACF. 13 Tpex nccnefioBanHbIx f06aBok Hanbonee npuemnemoii Ana kynstusmuposanua nudun BHK-21/SUSP/ARRIAH u penpopykumu Bupyca
AlLypa B nonyyeHHbIX kneTkax 6bina Sheff-Vax Plus PF ACF.

Kntouebie cnosa: [lobasku Sheff-Vax, kpatHoctb npupocta, knetku BHK-21/SUSP/ARRIAH, Bupyc Awypa.
bnaropapHocTb: Pabota BbinonHeHa 3a cuet cpeacts OTBY «BHUI3X» B pamkax HayuHo-uccnegoBatenbckux pabot no Teme «BetepunapHoe bnarononyune.

[ina unruposauus: fycesa M. H., loponnn M. I., Wnwkosa A. A., Muxanuwuu [1. B., lWesuenko M. A., ManuH b. J1. Ucnonb3oBaHue cnewuanu3upoBaH-
HbIx fob6aBok Sheff-Vax ACF ana kynstueupoBanua knetok BHK-21/SUSP/ARRIAH v penpoaykumm Bupyca Awlypa. Bemepunapus cezo0us. 2021; 1 (36): 15-21.
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CKOro KOHTPONA (McnbiTatenbHoil nabopatopun seTnpenapartos) OrBY «BHIUN3X», 600901, Poccus, . Bnagumup, mkp. 0pbesew, e-mail: guseva_mn@arriah.ru.

INTRODUCTION

A nutrient medium helps maintain cell viability and
supports their growth. It serves as a source of nutrients,
growth factors and hormones, as well as regulates culture
pH and osmotic pressure.

There are several types of media according to whether
the growth of cells requires the presence of serum: basal
media that require supplementation with 10% serum; ad-
vanced media that require supplementation with 1-5%
serum; serum-free media that do not require supplemen-
tation with serum [1, 2].

The use of blood serum in cell culture has some signif-
icant drawbacks. For most tissues, this component is not
the body fluid with which they had contact in the original
tissue; therefore, serum promotes fibroblast growth, but
inhibits the growth of epidermal keratinocytes. Besides,
serum can be cytotoxic due to polyamine oxidase that
has an effect on polyamines (spermine, spermidine) being
the secretory products of rapidly proliferating cells (fetal
serum contains relatively high levels of such enzymes).
The drawbacks also include a significant serum compo-
sition variability in different batches; the amount of spe-
cific growth factors in sera can be insufficient, making it
necessary to add them to cell cultures. Serum is often
contaminated with viruses, many of which, though being
not harmful for the cell culture, represent an additional
uncontrollable factor [2].

The existing purity and safety requirements for
immunobiologicals can be effectively met only by means
of serum-free technology. Therefore, intensive studies
have been carried out during the past two decades to de-

velop serum-free nutrient media and specialised non-ani-
mal supplements, with their formulas being the intellectu-
al property of companies and unavailable for common use.
Such media have certain advantages such as improved
reproducibility of test results due to the high stability of
medium composition; decreased risk of viral, fungal, my-
coplasma contamination of cell cultures; facilitation of cell
metabolite removal; reduced effect of additional proteins
on biological test results; the absence of cytotoxicity [3, 4.

Kerry, Inc. (Ireland) has developed several types of
specialised Sheff-Vax ACF® supplements that contain milk
product, egg, wheat, peanut derivatives, fish and mollusc
products, etc. and differ in mineral and amino acid com-
position, growth factor concentration and intact protein
content.

The aim of the study was to examine the possibility of
using specialised serum-free Sheff-Vax ACF supplements
for BHK-21/SUSP/ARRIAH cell suspension culture and
FMDV reproduction.

MATERIALS AND METHODS

Cell line. A continuous suspension line of neonatal
Syrian hamster kidney cells (BHK-21/SUSP/ARRIAH cell
line) was used in the study [5].

Specialised supplements. The following non-animal
Sheff-Vax ACF supplements (Kerry, Inc., Ireland) were
used in the study: Sheff-Vax Plus PF ACF (supplement 1);
Sheff-Vax PF ACF (supplement 2); Sheff-Vax Plus ACF (sup-
plement 3).

Specialised supplements at a concentration of 10 g/dm?
were added to the cell growth medium.
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Fig. 1. BHK-21/SUSP/ARRIAH cell concentration dynamics in the presence of specialised
Sheff-Vax Plus PF ACF supplement (No. 1)

Puc. 1. JuHamuka usmeHeHuUs KoHuyeHmpayuu knemok BHK-21/SUSP/ARRIAH npu ucnons3ogaHuu

cheyuanusuposaHHoti 0obasku Sheff-Vax Plus PF ACF (N2 1)

The nutrient medium used to grow cells was prepared
according to the Procedure for production of adsorbed
polyvalent and monovalent vaccine against foot-and-
mouth disease (based on the virus grown in BHK-21 cells),
but no serum was added.

Bovine serum. Fetal bovine serum (Serana, Germany) at
a concentration of 5% was used for the tests.

Growth rate was determined as the ratio between the
final and initial cell concentrations within one passage
(within 48 hours).

Cell line adaptation. At the initial stage of adaptation,
cells were collected from suspension contained in the 5%
serum-supplemented medium. BHK-21/SUSP/ARRIAH cell
line adaptation was carried out during seven successive
passages. Sodium hydrogen carbonate solution (7.5%)
was used for pH adjustment 24 hours after reseeding.

The following controls were used: control 1 —a medium
with constant serum content (5%), control 2 — a medium
with serum percentage reduced by half with each succes-
sive passage.

A medium containing a specialised Sheff-Vax ACF sup-
plement at a concentration of 10 g/dm? was used as a test
medium. Serum content in the test medium was also re-
duced by half with each successive passage.

Viscosity.To achieve the desired viscosity, Pluronic F-68,
a polymeric component, at a final concentration of 0.125%
was used; it was added to control 2 and test samples from
passage 2 on.

Cell infection with FMDV. Culture FMDV Asia-1/Tajiki-
stan/2011 strain at a dose of 1.0 TCID, /cell was used to
infect suspension BHK-21/SUSP/ARRIAH cells. Passage 7
cell suspension was poured into roller bottles and, where
necessary, diluted with the medium to reach a volume of
400-600 cm?and a cell concentration of 1.5 x 10 cells/cm?®.
FMDV reproduction took place during 16 hours and was
followed by the virus inactivation and suspension purifi-
cation.

Cytochemical study of BHK-21/SUSP/ARRIAH cell morpho-
logy was conducted using the luminescence microscope
ML-2B. Native preparations were stained with 0.001% acri-

m Control 1 m Control 2 = Test

Growth rate
N

Passage

Fig. 2. BHK-21/SUSP/ARRIAH cell growth rate dynamics in the presence
of specialised Sheff-Vax Plus PF ACF supplement (No. 1)

Puc. 2. JuHamuka usmeHeHUA KpamHOCMU Npupocma Kaemok
BHK-21/SUSP/ARRIAH npu ucnons308aHuu cneyuaauuposaHHou
0obasku Sheff-Vax Plus PF ACF (N° 1)

dine orange solution. Photographs were taken using Leica
camera and Zeiss, Olympus, Leica microscopes.

Viral antigen inactivation and purification. FMDV was
inactivated using a 15-20% solution of aminoethyl-
ethylenimine . To remove ballast proteins, in particular
FMDV non-structural proteins, from the inactivated an-
tigen suspension, a 0.007% solution of Polysept (poly-
hexamethylene guanidine) was used, with subsequent
decanting of supernatant.

Statistical processing of data. Numerical data were sta-
tistically processed by generally accepted methods of vari-
ation statistics using a personal computer and Microsoft
Excel software.

RESULTS AND DISCUSSION
During the first stage of the study, the dynamics of
BHK-21/SUSP/ARRIAH cell concentration was examined
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Fig. 3. BHK-21/SUSP/ARRIAH cell concentration dynamics in the presence
of specialised Sheff-Vax PF ACF supplement (No. 2)

Puc. 3. JuHamuka usmeHeHuUl koHYeHmpayuu knemok BHK-21/SUSP/ARRIAH
npu ucnosb308aHUU cneyuanusuposaHHol 0obasku Sheff-Vax PF ACF (N2 2)

mControl1  m Control 2 = Test

Growth rate

Passage

Fig. 4. BHK-21/SUSP/ARRIAH cell growth rate dynamics
in the presence of specialised Sheff-Vax PF ACF supplement (No. 2)

Puc. 4. JuHamuka usmeHeHul KpamHocmu npupocma
knemok BHK-21/SUSP/ARRIAH npu ucnone3ogaHuu
cneyuanusuposaHHoti 0obasku Sheff-Vax PF ACF (Ne 2)

at different passages in the presence of specialised Sheff-
Vax Plus PF ACF supplement (No. 1). The results are pre-
sented in Figures 1 and 2.

It was found that cell concentration in the control
samples at the end of different passages varied from
1.45 £ 0.04 million/cm? to 2.32 + 0.29 million/cm3. As
for the test samples, cell concentration varied from
1.03+0.03 million/cm3at passage 1to 1.60+0.05 million/cm?
at passage 7. Cell growth rate in the test samples during
the first six passages was 1.18-1.80 times lower than that
in the control.

The use of the supplement had no effect on the pH of the
medium during cultivation. The pH values changed identi-
cally in all the samples, being 6.84-7.11 at the beginning
of the passage and decreasing to 6.34-6.48 after 48 hours.

Tests of specialised Sheff-Vax PF ACF supple-
ment (No. 2) showed that cell concentration 48 hours af-
ter seeding in the control samples with constant serum
content varied from 2.74 + 0.08 to 1.80 = 0.10 million/cm?,
and in the last passage 7 it was 2.24 + 0.18 million/cm?.
Cell growth rates at different passages were in the range
of 2.83 to 5.10 (Fig. 3, 4). Cell concentration at the end of
passages in the control samples with reduced serum per-
centage in the nutrient medium and in the test samples
with the specialised supplement was the same, but by pas-
sage 7 it declined by a factor of 1.4-1.9 when serum level
was reduced to 0.075%. Cell growth rates in control 2 and
test samples were also the same, namely 2.2-3.1 depend-
ing on the passage.

The use of the supplement had no effect on the pH of
the medium during cultivation.

Tests of specialised Sheff-Vax Plus ACF supple-
ment (No. 3) showed that cell concentration at passage 7 in
the test samples with the medium almost free from serum
was 1.0 + 0.2 million/cm?3, in control 1-2.2 + 0.2 million/cm?,
in control 2 - 1.20 £+ 0.06 million/cm3. Cell growth rate
was 2.33 £+ 0.03 in the test samples, and 3.57 + 0.64
and 2.00 + 0.53 in two control samples (Fig. 5, 6). Cell
concentration in the control with constant serum content
48 hours after seeding at different passages was within
the range of 2.06-2.38 million/cm3; cell concentration
in the samples with reduced serum content decreased
from 2.32 £ 0.18 to 1.20 £ 0.06 million/cm?® as the passage
number increased. Growth rate in the controls with con-
stant serum content was 3.4-5.0; growth rate in the con-
trol with reduced serum content was 3.33-4.00 at the first
five passages and then decreased to 2.0 by passage 7. Cell
growth rate in the test medium containing supplement 3
decreased by a factor of 1.6-1.8 after passage 4.

The use of this supplement had no effect on the pH of
the medium during cultivation.

During FMDV reproduction in the cells, it was found
that the concentration of 146+75S immunogenic compo-
nents in the control samples with constant serum content

18
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Fig. 5. BHK-21/SUSP/ARRIAH cell concentration dynamics in the presence

of specialised Sheff-Vax Plus ACF supplement (No. 3)

Puc. 5. JuHamuka usmeHeHuUl koHYeHmpayuu knemok BHK-21/SUSP/ARRIAH
npu ucnob308aHUU cneyuanusuposaHHol dobasku Sheff-Vax Plus ACF (N° 3)

was 1.57,1.87, 1.60 times lower than in the control samples
with reduced serum percentage, and 2.4, 2.3, 2.4 times
lower than in the test samples (see Table). Differences were
found to be significant (p < 0.05).

To study cell morphology, passage 7 suspension was
seeded to 50 cm? flasks at a concentration of 100 thousand
cells/cm?; cytochemical tests were carried out at passage 8.
Cells grown with supplement 1 demonstrated partial ad-
hesion. Sedimented cells had normal morphology and
multiple dynamic protrusions indicative of normal physi-
ological activity (Fig. 7).

Partial sedimentation without adhesion was observed
in the cells adapted to supplement 2 at passage 8. From
the very beginning of cultivation, cell population aggre-
gation was observed that reached its maximum on day 2.
No culture proliferation was observed (Fig. 8A).

When supplement 3 was used (Fig. 8B), induced cell
aggregation occurred and large colonies (up to 100 cells)
were formed. Aggregated cells had irregular spherical
shape and showed no signs of trophic activity, i.e. the cells
did not divide but merely survived.

The serum-containing control (Fig. 7A) showed 100%
confluence; the cells demonstrated 60-80% adhesion and
had adaptive traits of a monolayer culture, some of them
became spindle-shaped.

CONCLUSION

BHK-21/SUSP/ARRIAH cell line was adapted to specia-
lised Sheff-Vax ACF supplements (Kerry, Inc., Ireland).
By passage 7, cell concentration and growth rate in the
presence of Sheff-Vax Plus PF ACF (supplement 1) were
40-60% higher than with other supplements. In the pres-
ence of supplement 1, cell concentration and growth rate
in the test and control samples were equal: 1.6 + 0.2 mil-
lion/cm?3, 1.90 + 0.18 and 2.0 £+ 0.2 million/cm?, respec-
tively; differences were insignificant. Other supplements
provided worse performance with respect to cell growth
as compared to the control samples - cell concentration
and growth rate were 2.0-2.2 times lower.

m Control 2 = Test

Passage

u Control 1

(q LL
= —
/ _ _ | |I _ III
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Fig. 6. BHK-21/SUSP/ARRIAH cell growth rate dynamics
in the presence of specialised Sheff-Vax Plus ACF supplement (No. 3)

Growth rate

Puc. 6. [JuHamuka uameHeHuUU KpamHocmu npupocma KJ1iemok
BHK-21/SUSP/ARRIAH npu ucnone3osaHuu
cneyuanusupogaHHol 0obasku Sheff-Vax Plus ACF (Ne 3)

Table

FMDV reproduction in cells grown using specialised Sheff-Vax ACF supplements
Tabnuua

Penpopykuus Bupyca silypa B KNeTkax, BbIpaleHHbIX B NPUCYTCTBUM
cneymanu3upoBaHHbix go6aBok Sheff-Vax ACF

146+75S concentration, pg/cm?
(calculated for 1.0 x 10°cells/cm?)

Supplement
Sheff-Vax Plus PF ACF (No. 1) 0.58 +£0.09 0.91£0.10 1.40£0.10
Sheff-Vax PF ACF (No. 2) 0.47 £0.07 0.88£0.08 1.08 +0.09
Sheff-Vax Plus ACF (No. 3) 0.50£0.05 0.80+0.08 1.20+0.09
p<0.05
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Fig. 7. BHK-21/SUSP/ARRIAH cells adapted to specialised Sheff-Vax Plus PF ACF supplement (No. 1):

A — cells grown in the presence of serum (control),
B - cells grown in the presence of supplement 1 (test)

Puc. 7. Knemku BHK-21/SUSP/ARRIAH, adanmupogaHHble

K cneyuanusuposaHHoli dobaske Sheff-Vax Plus PF ACF (N2 1):

A — KJlemKu, 8bIpawjeHHble 8 NpUCYmMcmauu CbiIBOPOMKU (KOHMPOb),
B — knemku, sbipaweHHble 8 npucymcmauu dobasku N° 1 (oneim)

Fig. 8. BHK-21/SUSP/ARRIAH cells adapted to specialised supplements:
A - Sheff-Vax PF ACF (No. 2) and B - Sheff-Vax Plus ACF (No. 3)

Puc. 8. Knemku BHK-21/SUSP/ARRIAH, adanmuposaHHbie K cneyuanusuposaHHbiM 006askam:

A - Sheff-Vax PF ACF (Ne 2) u B — Sheff-Vax Plus ACF (Ne 3)

No differences were found with respect to chan-
gesin pH.

During FMDV reproduction in the said cells, it was
found that 146+75S component concentration in the test
samples containing 1 million cells was 2.4, 2.3, 2.4 times
higher compared to control 1, and 1.54, 1.23, 1.50 times
higher compared to control 2 (differences were significant,
p <0.05).

Cells grown with the use of Sheff-Vax Plus PF ACF (sup-
plement 1) had normal morphology and multiple dynamic
protrusions. By passage 7, cell growth rate and concentra-
tion became equal in the suspension of the control and
test samples. The number of FMDV immunogenic compo-
nents in the samples containing supplement 1 was 20-30%
higher than in the cells grown with supplements 2 and 3.

Concentration and growth rate of BHK-21/SUSP/
ARRIAH cells cultivated with the use of Sheff-Vax ACF sup-
plements were found to be lower than those in the control
samples containing serum and blood protein hydrolysate.
However, the virus yield from 1 million cells was higher in
the cells grown using the specialised supplements.

Thus, serum-free Sheff-Vax ACF supplements (Kerry,
Inc.) are suitable for BHK-21/SUSP/ARRIAH cell cultivation

and FMDV reproduction. Sheff-Vax Plus PF ACF supple-
ment (No. 1) provided higher results with respect to FMDV
immunogenic component concentration.
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lyceBa MapuHa HukonaeBHa, KaHgupgaT 6uonornyeckumx
HayK, CTapLUNIA HayYHbIn COTPYAHVK OTAEeNa 61MoNornyeckoro n
TEXHONIOTMYECKOro KOHTpONA (UchbiTaTenbHOM nabopatopun
BeTnpenapatos) OI'BY «BHUM3XK», r. Bnagummp, Poccua.

[lopoHnH Makcum ViropeBud, KaHauaaT 6MoNorMYecknx Hayk,
BeAYLMIN HayYHbI COTPYAHMK nabopatopuy NPodunakTukm
Awypa OreY «BHUN3X», r. Bnagumup, Poccus.

linwkoea AHena AnekceeBHa, KaHAMAAT BeTepUHaPHbIX
HayK, rMaBHbll TexHonor otaena uHHosauunin OIBY «BHUMN3XK»,
r. Bnagumup, Poccus.

Mwuxanuwwux imutpuii BanepbeBud, KaHANAAT BETEPUHAPHbIX
HayK, 3asegylowuii nabopatopuein npodunakTukm Alwypa
QOIrBY «BHUWN3X», . Bnagnmup, Poccusa.

LleBueHko Makcum AnekcaHapoBunY, BeflyLnii BeTepUHaPHbI
Bpay nabopatopun npodunaktukm awypa Orby «BHUN3XK»,
r. Bnagumup, Poccus.

MauuH Bopuc JleoHnaoeuny, KaHAMAAT BUONOMMYECKUX HaYK,

BeAYLLMNIA HAYUHbIA COTPYAHUK CEKTOPa KyNbTypbl KNeToK oTaena
nHHoBaumn OIBY «BHUW3XK», r. Bnagumunp, Poccuma.

VETERINARY SCIENCE TODAY, MARCH Ne1 (36) 2021 | BETEPUHAPUA CETOHA, MAPT Ne1 (36) 2021

21



