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Abstract

Objectives. To develop an effective technology for the cultivation of Chinese hamster ovary (CHO) cells stably producing
GamP2CS5 antibody which is a component I of the GamCoviMab candidate drug for emergency prevention and therapy of infection caused
by SARS-CoV-2 virus; to select optimal cultivation parameters and to scale this technology in production.

Methods. The study was performed on CHO GamP2C5 (clone 78) cell culture, producing a single-domain antibody fused
to the Fc fragment of human IgG1 GamP2CS5. Different culture media and supplements were used. Cells were cultured in Erlenmeyer
flasks, Biostat® RM 20 wave-mixed bioreactor, Ambr® 250 mini bioreactors, STR 200 stirred-tank bioreactor.

Results. Using molecular-genetic and biotechnological methods, a stable clone producer of CHO GamP2C5 antibody, clone 78, was
obtained. Then a technique was worked out for the cultivation of the obtained clone producer on different culture media. The most
suitable cultivation regimes, culture media, and optimal supplements were selected. This technology was tested in laboratory conditions
in a 10-L reactor, and then successfully scaled up for production at the MedGamal Branch of the Gamaleya National Research Center
for Epidemiology and Microbiology.

Conclusions. This study demonstrates the fundamental feasibility of developing and scaling up a culture technology, in order to produce
a drug based on a modified single-domain antibody with virus neutralizing activity against different strains of SARS-CoV-2 virus.
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AHHOTaUuus

Hesn. Pazpaborars 2h(heKTHBHYIO TEXHOIOTUIO KYJIFTHUBUPOBAHUS KJIETOK SUYHUKOB KHTaiickoro xomsuka (CHO), crabunbHo mpomy-
nupyronmx antureno GamP2CS5, kotopoe siBisieTcsi KOMIoHeHToM | kanaunarHoro npemnapata ['amKoBuMab s sxctpenHoi mpodu-
JIAKTHKY U Tepanuu HHPEKInu, BeI3BaHHOH BHpycoM SARS-CoV-2; monoOpars onTuManbHbIe TapaMeTphl KYJTUBHPOBAHHS M MACILITA-
OMpOBAaTh JAaHHYIO TEXHOJIOTHIO Ha IIPOU3BOJICTBE.

MeTtoasl. VccnenoBanue npoBoauioch Ha KyasType kinetok CHO GamP2CS5 (kmon 78) mpomyuupyromieil 0qHOIOMEHHOE aHTUTEIO,
ciutoe ¢ Fe-pparmentom IgGl uenoBexka GamP2CS; ObUM HCMONB30BaHbI PA3INYHBIC CPEIbl A KYJIHTHBUPOBAHUS U MHUTATEb-
Hble 100aBkU. KynbTHBHpOBaHHE KIETOK MPOXOAMIO B Koybax OpreHmeliepa, OHOpeakTope ¢ BOJHOBBIM TUIIOM IE€PEMEIINBAHUS
Biostat® RM 20 basic, munu6ropeaxtopax Ambr® 250, Guopeaktope ¢ oceBbIM THIIOM nepememmBanus STR 200.

Pe3yabTarsl. [Ipu nomMomm MOJIEKyISIPHO-TE€HETHYECKUX U OMOTEXHOJIOTHUECKUX METOOB ObLT OTyUeH CTAOHIIBHBII KIIOH-TTPOAYLIEHT
antutena CHO GamP2CS5 (xioH 78), 1 oTpaboTaHa MeTOANKA Ky IbTHBHPOBAHUS ITOJTYUYSHHOTO KJIOHA-TIPOYIICHTA Ha PA3INYHBIX THTa-
TEJIBHBIX cpefiaxX. bputn BeIOpaHbl Hanboee MOAXOIIIE PEKUMBI KyIbTUBHPOBAHMS, IUTATEIbHAS Cpelia ¥ ONTHMAJIbHBIC TOAITUTKY.
JlarHas TexHONIOTHsI ObLIa 0TpaboTaHa B JaOOPATOPHBIX YCIOBUIX B 10-TUTPOBOM peakTope M YCIEUIHO MaclITaOUupOBaHa Ha MPOU3-
BozicTBE B puinane «Mearamam» HanmoHaapHOTO HCClIeI0BaTeIbCKOTO IEHTPA SIUASMHOIOTUH 1 MUKpobronoruu uM. H.®. T'amanen.

BeiBonbl. B nanHOM Hcclie[oBaHUH ITOKa3aHa IIPUHINIIHAIBHAS BOSMOXKHOCTh Pa3pabOTKH M MAacIITaOMPOBAHMS TEXHOJIOTHH KYJIBTH-
BUPOBAHUS ISl HOJTydeHHs TIpenapara Ha OCHOBE MOAM(MHUIIMPOBAHHOTO OTHOJOMEHHOTO aHTUTEJA C BUPYCHEHTpaN3yolieil akTHBHO-
CTBIO IIPOTUB Pa3IMYHbIX ITaMMOB Bupyca SARS-CoV-2.

KnioueBble cnoea MocTtynuna: 12.12.2023
MOHOKJIOHAJIbHBIE AHTUTEJIA, OJIHOJOMEHHBIEC AHTUTEIIA, THKEIJIOIEIIOUEUHbIe aHTUTENA, OopaboTaHa: 08.02.2024
KyJbpTHBHpOBaHue, kietku CHO, maciitabupoBanue ouonporecca MpuHsiTa B neyats: 17.04.2024
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INTRODUCTION

Following the development of hybridoma technology
in the mid-1970s, monoclonal antibodies [1] began to
be explored as potential therapeutics for a variety of
diseases [2]. Over the last decade, several dozen antibody-
based drugs (Adalimumab, Pembrolizumab, Nivolumab)
have been developed: some are among the top-selling
drugs ranking worldwide [3]. Monoclonal antibodies
are used to treat a wide range of human diseases,
including various types of cancer [4]. Furthermore,
therapeutic antibodies are effective in the therapy of
multiple sclerosis [5], Crohn’s disease [6], rheumatoid
arthritis [7], and bacterial and viral infections [§].

The COVID-19 pandemic had a tremendous impact
on drug and vaccine discovery and the development
of strategies designed to control infectious diseases.
Monoclonal antibodies represent the largest and fastest
growing class of pharmaceutical compounds to have
shown therapeutic potential in the treatment of viral
infections, including against SARS-CoV-2 virus.

In recent years, the number of preparations based
on monoclonal antibodies against viral infections,
especially chronic infections [9], has increased markedly.
Monoclonal antibodies can be used to suppress the
spread of infection through direct viral neutralizing
activity [10]. To date, several antiviral drugs with
a high level of efficacy have been approved. Among
them, Casirivimab/imdevimab (REGEN-COV) is the
first monoclonal antibody-based drug which can be
used for both treatment and emergency prevention of
COVID-19 [11].

One particular case of monoclonal antibodies are
the heavy chain antibodies of the camelid family. They
are devoid of light chains and the variable fragments
are represented by a single heavy chain domain.
Furthermore, the variable fragments of the heavy chain
can be used independently. Such modifications are called
nanobodies, also known as single-domain antibodies or
VHH [12].

Single-domain antibodies are a relatively new
class of drugs. They were discovered by chance while
analyzing camel serum. Due to their structure and
properties, nanoantibodies are able to effectively bind
to antigen epitopes which are difficult to reach for
classical antibodies. They also prevent interaction
of receptors with ligands, or deliver substances that
perform various functions to target cells. At the same
time, the disadvantages of nanoantibodies are associated
with their rapid excretion by kidneys and a lack of an
independent effector function due to the absence of
Fc fragment. Many studies demonstrate the successful
use of single-domain antibodies and their modifications
for therapy and prevention of various infectious diseases

of viral and non-viral etiology [13—18]. In order to
improve the pharmacokinetic and effector properties of
nanoantibodies, as well as to increase their avidity due to
the dimerization of the molecule, modification with the
Fc fragment of human IgG is used [13, 15, 17].

A single-domain antibody fused to the Fc
fragment of human immunoglobulin class, which
has a broad spectrum of viral neutralizing activity
against SARS-CoV-2 virus and is component I of
the GamCoviMab candidate drug for therapy of
COVID-19 infection, was developed in the Gamaleya
National Research Center for Epidemiology and
Microbiology of the Ministry of Health of the Russian
Federation. The development of scalable technology
for cell culture and chromatographic purification of
the target antibody was beneficial to the production
of this drug. This article describes our results relating
to the development of a strategy to select optimal
parameters for culturing processes, in order to produce
a single-domain antibody fused to the Fc fragment of
human immunoglobulin G class. Data is also presented
on in vitro scale-up in a 10 L wave-mixed bioreactor
and scale-up at GMP production in a 200 L stirred-tank
bioreactor.

MATERIALS AND METHODS
Materials

Culture of Chinese hamster ovary (CHO) cells
GamP2C5 (clone 78) producing a single-domain
antibody fused to Fc fragment of human IgG1 GamP2C5
was obtained in the laboratory of immuno-biotechnology
of the Gamaleya National Research Center for
Epidemiology and Microbiology on the basis of
CHO-K1 cells (Collection of Cultures and Tissues of the
Gamaleya National Research Center for Epidemiology
and Microbiology).

Cultivation media: ActiPro™ (Cytiva, USA),
Fujifilm BalanCD® CHO Growth A (Irvine Scientific,
USA), Cosmos (Flora Bio, Turkey), SFM4CHO (Cytiva,
USA), Dynamis™ AGT™ (Thermo Fisher Scientific,
USA), Capricorn (Capricorn Scientific, Germany).

Supplements: Cell Boost 6 Supplement (Cytiva,
USA), Cell Boost 5 Supplement (Cytiva, USA),
Cell Boost 7 A (Cytiva, USA), Cell Boost 7 B
(Cytiva, USA), Cosmos Flora Bio Feed A (Flora
Bio, Turkey), Cosmos Flora Bio Feed B (Flora Bio,
Turkey), Capricorn’s CHO Feed 1 (Capricorn Scientific,
Germany), Capricorn’s CHO Feed 2 (Capricorn
Scientific, Germany). Protein A (ProA) Biosensors
(Forte Biosciences, USA).

Culture vessels: 250 mL Erlenmeyer flasks
(Corning, USA), disposable mini bioreactors for
Ambr® 250 Disposable bioreactors system (Sartorius,
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Germany), disposable culture bags: Flexsafe® RM 20 opt
(Sartorius, Germany), Flexsafe® STR 200 (Sartorius,
Germany).

Equipment

TC20 Cell Counter (Bio-Rad, USA), Celltron
shaker (Infors HT, Switzerland), Biostat® RM 20 basic
wave-mixed  bioreactor  (Sartorius, = Germany),
Ambr® 250 mini bioreactor (Sartorius, Germany),
STR 200 stirred-tank bioreactor (Sartorius, Germany),
Cedex® Bio Analyzer (Roche, Switzerland), Seven
Compact S210 pH meter (METTLER TOLEDO, USA),
Octet® RED96e molecular interaction analyzer (Forte
Biosciences, USA).

Methods
Cell density measurement

A 20 pL suspension culture of CHO cells was taken.
The obtained cell suspension was mixed with trypan
blue solution (an acidic aniline dye used for counting
the number of dead cells in suspension, which, unlike
live cells, are stained blue) in the ratio of 1 : 1. The
total volume of the stained suspension should be at
least 30 pL to fill two chambers of the slide. The stained
suspension was transferred by pipetting. We took 10 uLL
of the stained suspension with an automatic pipette and,
holding the pipette at a 45° angle, gently introduced

Table 1. Plan of experiment

the suspension into each of the slide chambers. Slides
completely filled with stained cells were transferred
to an automated TC20 Cell Counter to measure cell
density.

Measurement of antibody concentration

The amount of antibodies in the samples was determined
by biolayer interferometry (BLI) using Octet® RED96e
system (Forte Biosciences, USA) and biosensors
with immobilized protein A (Forte Biosciences,
USA), according to the manufacturer’s protocol.
GamP2C5 antibody solutions obtained earlier by stable
transfection and purified by affinity chromatography on
Mabselect SuRe™ sorbent (Cytiva, USA) as previously
described [13, 15, 17] were used as standard samples
with known concentrations.

Measurement of residual metabolites

Concentrations of major cultures (glucose, glutamine,
and glutamate) and metabolites (lactate and ammonium)
in the samples were determined using a Cedex®
Bio Analyzer (Roche, Switzerland) according to the
manufacturer’s protocol.

Cell cultivation

The cells were cultured in Erlenmeyer flasks and in
wave-mixed bioreactor and stirred-tank bioreactor.
Culture media in combination with supplements were
used to select optimal conditions (Table 1).

Experiment number Media Supplement Containers and equipment Volume, L
1 SFM4CHO Cell Boost 6 Erlenmeyer flasks 0.25
Erlenmeyer flasks 0.25
Biostat® RM 20 bioreactor 10
2 ActiPro™ Cell Boost 7A
Ambr® 250 mini bioreactor 0.20
Bioreactor STR 200 200
Cell Boost 7A Erlenmeyer flasks 0.25
3 BalanCD®
Cell Boost 7B Biostat® RM 20 bioreactor 10
Feed A Erlenmeyer flasks 0.25
4 Cosmos
Feed B Biostat® RM 20 bioreactor 10
Feed 1 Erlenmeyer flasks
5 Capricorn 0.25
Feed 2 Biostat® RM 20 bioreactor
Cell Boost 7A
6 Dynamis™ AGT™ Erlenmeyer flasks 0.25
Cell Boost 7B
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Cultivation of cells in Erlenmeyer flasks

Cell suspension culture of CHO GamP2C5 (clone 78)
cells was performed in Erlenmeyer flasks with a ventilated
lid of 250 mL. Initial volume of cell suspension was
30mL. Initial concentration was 0.3 mL/mL. Starting from
the third day of culturing, supplements were added in the
amount recommended by the manufacturer. Cultivation
was performed at 37°C, 80% humidity and 5% CO,, with
a platform stirring speed of 110—130 rpm at an amplitude
of 25 mm. Glucose was maintained at 4.5-5.0 g/L. If
necessary, pH was maintained at 6.9-7.4 using 7.5%
sodium bicarbonate solution (Labochem International,
Germany).

Cell cultivation in a Biostat® RM 20 wave
bioreactor

The suspension was cultured in wave-mixed bioreactor
with a working volume of up to 10 L (Table 2).

The initial working volumes were 25-30% of the final
volume, with a minimum concentration of 0.3 mIn/mL.
On the third day of cultivation, the inoculum was diluted
with fresh culture medium to 65-70% of the final volume.
Starting on the fifth day of culturing, supplement was
added at a concentration according to the manufacturer’s
instructions. Furthermore, pH 6.8-7.5 was adjusted by
adding sodium bicarbonate (Labochem International,
Germany) as needed. Glucose concentration was
maintained at 4.5-5.0 g/L, so glucose solution (Merck,
USA) was used if necessary. In order to obtain the
maximum content of the target product, a change in the
temperature parameter and pH at the time of stationary
phase of cell cultivation was applied (Table 3).

Cell cultivation in Ambr® 250 mini bioreactors

The suspension was cultured in mini stirred-tank
bioreactors with a working volume of up to 250 mL. The
initial working volumes were 25-30% of the final volume,

Table 2. Parameters of the cultivation process in the Biostat® RM 20 wave-mixed bioreactor

Parameter

Value

Temperature

37.0£1.0°C

Dissolved oxygen, %

No lower than 40

pH 6.8-7.5
CO, concentration in the gas phase, % 5.0£2.0
Platform tilt angle, © 6-10
Platform swing frequency, swing/min 14-30
Volumetric flow rate of gas mixture, L/min 0.2-0.8

Table 3. Parameters of the cultivation process depending on the experiment in the Biostat® RM 20 wave-mixed bioreactor

Parameter Experiment 1 Experiment 2 Experiment 3
Temperature, °C 37.0 33.0 37.0
Dissolved oxygen, % 40 40 40
pH 7.2 7.2 6.8
CO, concentration in the gas phase, % 5.0 5.0 5.0
Platform tilt angle, © 7 7 7
Platform swing frequency, swing/min 15 15 15
Volumetric flow rate of gas mixture, L/min 0.5 0.5 0.5
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Table 4. Parameters of the cultivation process depending on the experiment in the Ambr® 250 mini bioreactor

Parameter Experiment 1 Experiment 2 Experiment 3

Temperature, °C 37.0 33.0 37.0
Dissolved oxygen, % 40 40 40

pH 7.2 7.2 6.8

CO, concentration in the gas phase, % 7.0 7.0 7.0
Stirrer, rpm 300-500 300-500 300-500
Air overlay, mLpm 4 4 4

Air sparger, mL/min 4 4 4

O, sparger, mLpm 0-2 0-2 0-2

and the minimum concentration was 0.6 mln/mL. On the
third day of cultivation, the inoculum was diluted with
fresh culture medium to 65-70% of the final volume.
Starting on the fifth day of culturing, supplement was
added at a concentration according to the manufacturer’s
instructions. The pH 6.8-7.5 was maintained by adding
sodium bicarbonate (Labochem International, Germany)
as needed. Glucose concentration was maintained at
4.5-5.0 g/L, so glucose solution (Merck, USA) was used
if necessary. In order to obtain the maximum content
of the target protein, the temperature parameter and pH
were varied during cultivation (Table 4).

Cell cultivation in the STR 200 stirred-tank
bioreactor

The suspension was cultured in a stirred-tank bioreactor
with a working volume of 200 L. The initial working
volumes were 25-30% of the final volume, and the
minimum concentration was 0.5 min/mL. On the third

day of cultivation, the inoculum was diluted with fresh
culture medium to 65-70% of the final volume. Starting
on the fifth day of culturing, supplement was added
at a concentration according to the manufacturer’s
instructions. The pH 6.8-7.5 was maintained by adding
sodium bicarbonate (Labochem International, Germany)
as needed. Glucose concentration was maintained at
4.5-5.0 g/L, so glucose solution (Merck, USA) was used
if necessary. In order to obtain the maximum content
of the target antibody, the temperature parameter was
changed during cultivation (Table 5).

RESULTS AND DISCUSSION

A panel of single-domain antibodies specific
to the receptor-binding domain (RBD) of the
S-protein of SARS-CoV-2 virus was obtained at the
immunobiotechnology laboratory of the Gamaleya
National Research Center for Epidemiology and

Table 5. Parameters of the cultivation process in an STR 200 stirred-tank bioreactor

Parameter Experiment 1
Temperature, °C 37.0-33.0
Dissolved oxygen, % 40
pH 7.2
CO, concentration in the gas phase, % 5.0
Stirrer, rpm 60-110
Air overlay, Lpm 10
Air sparger, L/min 10
O, sparger, Lpm 0-10
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Microbiology by immunization of the two-humped
camel with recombinant RBD of the S-protein of
SARS-CoV-2 virus and phage display technology [19].
Several of the most promising clones were selected from
the obtained panel and subsequently modified by fusion
with the Fc fragment of human IgG1. These forms were
further investigated in detail by various in vitro methods,
including direct viral neutralization on live SARS-CoV-2
virus. As a result, a single-domain antibody fused
to the Fc fragment of human IgGl GamP2C5 was
obtained (Fig. 1).

A genetic construct was then developed, in order to
allow expression of this single-domain antibody fused to
the Fc fragment of human IgG1. Today, most therapeutic
antibodies are produced in mammalian cells. They are
best suited for the production of recombinant antibodies
with the highest degree of biological similarity to
antibodies produced in the human body [20]. In this
study, CHO cells were used. Further, a clone stably
producing this antibody was selected using cell-to-cell
transfection methods and several rounds of selection.
As a result, the cell line CHO GamP2C5 (clone 78) was
obtained, expressing a single-domain antibody fused to
the Fc fragment of human [gG1 GamP2CS5.

The most important component for the development
of culturing technology is the culture medium which
ensures cell viability and proliferation. The composition
of the culture medium directly affects the production
rate and quality of biopharmaceuticals. Therefore,
it is important for researchers working with cell

N\,
N\,
.__P2CS5 single-domain antibody

-

Hinge region of IgG1

() .

\\ Fc fragment of [sG1.

IR
/

o - . )RR -

Fig. 1. (a) Schematic representation of a single-domain
antibody fused with the Fc fragment of human IgG1 GamP2C5;
(b) structure of a single-domain antibody fused with

the Fc fragment of human IgG1 (SP—amino acid sequence

of the signal peptide of the heavy chain of IgG1;
P2C5—amino acid sequence of the P2C5 single-domain
antibody; Hinge—amino acid sequence of the hinge

region of IgG1; Fc fragment—amino acid sequence

of the Fc fragment of IgG1)

cultures to select the right medium which is suitable
for their purposes [21]. In order to select the optimal
culture media based on availability and affordability,
6 basic culture media and 7 culture supplements were
analyzed (Fig. 2).

Cryovial

Erlenmeyer flask

. . Dynamis™
™ ® Y
ActiPro - SFM4CHO Cosmos ’ Capricorn ’ BalanCD AGT™ ’
Cell boost Cell boost
7A Flesil

B

Fig. 2. Combination of culture media and supplement during the development of the cultivation process
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Using these culture media and supplements, an
experiment was conducted in three repetitions, aimed at
developing a process for culturing the resulting clone in
flasks to obtain the highest content of the target product.
Cells were cultured with uniform initial parameters. The
experiment was started at a cell density of 0.3 mIn/mL.
Cells were cultured in fed-batch mode, with glucose
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when cultivated on various culture media:
(a) Cosmos;

(b) Dynamis™ AGT™;

(c) ActiPro™;

(d) Capricorn;

(e) SFM4CHO;

(f) BalanCD®

and glutamine levels controlled. The survival ratios and
cell culture densities at a particular day of culturing are
shown in Fig. 3.

The leader in cell density was ActiPro™ medium.
Cells on this medium reached a density of 10 mIn/mL.
Cosmos and BalanCD® media showed the best results
in terms of the longest duration of cultivation. On both
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Fig. 3. The ratio of survival rate and cell culture density of CHO GamP2C5 (clone 78) in an Erlenmeyer flask
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Table 6. Yield of the target antibody GamP2C5 determined using an Octet® RED96e system
Culture media SFM4CHO ActiPro™ Cosmos BalanCD® Dynamis™ AGT™ Capricorn
Product yield, pg/mL 364.8 671.0 478.0 580.0 284.0 220.0

media, the cell culture showed a high level of viability
for 15 days. The highest content of target antibody was
recorded on ActiPro™ culture medium. The content
amounted to 671 pg/mL (Table 6).

Based on the growth graph of cell suspension on
different culture media and based on the obtained
values of final target protein content, three best culture
media—ActiPro™, BalanCD®, Cosmos—were selected
to develop further culturing process in wave bioreactors.

In order to study the cultivation process of the
obtained clone, it was necessary to develop the cultivation
process in wave bioreactors with selection of different
conditions. For the purposes of this study, experiments
were conducted with three best culture media. The
experiments were conducted under identical conditions
in a wave type stirred bioreactor with a working volume
of 10 L (Fig. 4).

The initial cell density was 0.3 mIn/mL. The ratio of
survival and cell culture density on a particular day of
cultivation is shown in Fig. 5.

In this experiment, ActiPro™ culture medium
was the leader in terms of cell density, culturing
time, and target protein content. Cells on this culture
medium reached a density of 10 mln/mL. They were

Cryovial Erlenmeyer flask

Biostat® RM 20 bioreactor

cultured for 10 days, and the target protein content was
440 pg/mL. Comparison of GamP2C5 target antibody
content depending on the culture medium is described
in Table 7.

After analyzing three basic culture media, ActiPro™
medium was selected to show the maximum result
in terms of target product productivity. Next, it was
necessary to select the optimal cultivation conditions for
further scaling of the process (Fig. 6).

In this experiment, different cultivation parameters
were worked out in a wave bioreactor with a working
volume of 10 L. In this part of the work, the productivity
of the target protein was compared after changing the
temperature parameter and pH during cultivation. The
survival ratio and cell culture density on a particular day
of cultivation are shown in Fig. 7.

When the temperature was lowered to 33°C,
the culturing time increased, but the target protein
content was lower than that at 37°C. Culturing the
cells at pH 6.8 showed a lower result in target protein
content compared to culturing at pH 7.2. When used
on Biostat® RM 20 wave type stirred bioreactors,
temperature and pH shifts did not show the expected
result. The best productivity result was obtained after

Cell boost
TA

Cell boost
7B

Cell boost
7B

ActiPro™

BalanCD®

Fig. 4. Combinations of culture medium and supplement for the cultivation process in Biostat® RM 20 wave bioreactors

Table 7. Yield of the target antibody GamP2C5 determined using an Octet® RED96e system

Culture media ActiPro™

Cosmos BalanCD®

Product yield, pg/mL 440

250 325
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when cultivated on various culture media: (a) Cosmos; (b) BalanCD®; (c) ActiPro™
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Fig. 6. Selection of optimal parameters for the cultivation process in RM 20 wave bioreactors
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Fig. 7. Cultivation of CHO GamP2C5 (clone 78) cells under various cultivation conditions in Biostat® RM 20 wave bioreactor:
(a) experiment 1: pH 7.2, T=37°C; (b) experiment 2: pH 7.2, T=33°C; (c) experiment 3: pH 6.8, T=37°C

culturing at 37°C and pH 7.2. The amount of the target
antibody GamP2CS5 is summarized in Table 8.

Thus, as a result of the work done at this stage, we
have developed a process for culturing this clone in
a laboratory-scale wave bioreactor (working volume
of 10 L) with the cultivation regime indicated in
Table 9.

After analyzing the process on ActiPro™ medium
with three different cultivation conditions, we selected
the parameters that showed the maximum result in
terms of target antibody production. Then we scaled
up to a STR 200 stirred-tank bioreactor. For this
process, the optimal conditions for cell cultivation had
to be selected, while taking into account the change of

250
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Table 8. Yield of the target antibody GamP2C5 determined using an Octet® RED96e system

Number of experiment Experiment 1

Experiment 2 Experiment 3

Product yield, pg/mL 440

374 223

Table 9. Cultivation parameters for CHO cells on ActiPro™ medium in the Biostat® RM 20 wave bioreactor

Parameter Value
Temperature, °C 37.0
Dissolved oxygen, % 40
pH 7.2
CO, concentration in the gas phase, % 5.0
Platform tilt angle, ° 7
Platform swing frequency, swing/min 15
Volumetric flow rate of gas mixture, L/min 0.5
5

Start adding supplements, day

stirring type. The Ambr® 250 mini bioreactor system
was used for the experiments (Fig. 8).

For the processes in mini bioreactors, we used
ActiPro™ culture medium in combination with
supplements 7A and 7B. After the experiment in
flasks, they showed the best result in terms of target
antibody yield (671 pg/mL), and the highest cell
density (10 mIn/mL) was recorded on this medium.
Furthermore, after testing the conditions on the
Biostat® RM 20 bioreactor with wave-type stirring, the
ActiPro™ culture medium also showed the best result
in terms of target antibody content, which amounted to
440 pg/mL.

In experiments in Ambr® 250 mini bioreactors, the
productivity of the target protein was compared after
changing the temperature parameter and pH during

— L —

Erlenmeyer flask

Cryovial

Ambr® 250 mini bioreactor

cultivation. The survival ratio and cell culture density on
a certain day of cultivation are presented in Fig. 9.

In these experiments, it was found that when the
temperature was lowered to 33°C, the culturing time
and target protein content were longer than at 37°C.
Culturing the cells at pH 6.8 showed a lower yield of
target protein when compared to culturing at pH 7.2.
The experiment with pH variation did not show
the expected results as with the experiment in the
Biostat® RM 20 wave type stirred bioreactor. However,
the temperature variation in this experiment showed
the best result in terms of target protein content. The
amount of target antibody GamP2C5 is presented in
Table 10.

Taking into account the results obtained from the
experiments on Ambr® 250 mini bioreactors, process

Experiment 4
pH=72T=37°C

Experiment 5
pH=7.2T=33°C

I Cell boost I

TA

Experiment 6
pH=6.8 T=37°C

Fig. 8. Selection of optimal parameters for the cultivation process in Ambr® 250 mini bioreactors
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Fig. 9. Cultivation of CHO GamP2C5 (clone 78) cells under various cultivation conditions in Ambr® 250 mini bioreactors:
(a) experiment 1: pH 7.2, T=37°C;
(b) experiment 2: pH 7.2, T =33°C;
(c) experiment 3: pH 6.8, T=37°C

Table 10. Yield of the target antibody GamP2C5 determined using an Octet® RED96e system

Number of experiment Experiment 4 Experiment 5 Experiment 6

Product yield, pg/mL 382 456 240
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Fig. 10. Scaling diagram for the cultivation process to an STR 200 stirred-tank bioreactor with a working volume of 200 L

parameters were selected for the STR 200 stirred-tank
bioreactor (Fig. 10).

After conducting a number of experiments using
Ambr® 250 mini bioreactors on ActiPro™ culture
medium in combination with supplements 7A and 7B,
the conditions for optimal pH and temperature were
selected. They showed the maximum result in terms of
target antibody productivity. For the STR 200 stirred-
tank bioreactor with a working volume of 200 L,
the parameters obtained from the processes in the
Ambr® 250 mini bioreactor were used. In order to
scale the process parameters from Ambr® 250 mini
bioreactors to STR 200 bioreactor, modeling was
performed using Sartorius software!. This performs
the transfer of culturing process parameters from
a small volume bioreactor to a larger one while
maintaining mass transfer characteristics. In normal
conditions, one of the dimensionless scaling factors
used to scale up/down bioreactor processes is the
volume flow rate (vvm, where v is the volume of air
in liters, v is the volume of medium in liters, m is
the time in minutes during which the exchange
process (aeration) takes place) [22]. Taking this
parameter into account, scaling was performed (data
not presented). Furthermore, measurements on
residual metabolites (glucose, glutamine, glutamate,
lactate, and ammonium) were performed to ensure
prolonged proliferation and block cell apoptosis
during supplementation from the fifth day of
culturing (Table 11).

The survival ratio and cell culture density on
a particular day of cultivation are shown in Fig. 11.

I https://www.sartogosm.ru/. Accessed June 01, 2022.
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Fig. 11. Cultivation of CHO GamP2CS5 (clone 78) cells
in ActiPro™ medium in an STR 200 stirred-tank bioreactor

Aftertheprocess was carried outinthe STR 200 stirred-
tank bioreactor with cultivation modes selected using
the Ambr® 250 mini bioreactor, the amount of the target
antibody product GamP2C5 amounted to 564.4 pug/mL.
This value exceeds the initial value (456 pg/mL) obtained
by culturing in the Ambr® 250 mini bioreactor.

CONCLUSIONS

Work was carried out to enable the selection of
optimal parameters of the cultivation process for
the production of component I of the GamCoviMab
candidate drug. Component I of the GamCoviMab
candidate drug is an antibody GamP2C5 (CHO cell
culture, clone 78). For this clone, the optimal culturing
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Table 11. Data of residual metabolites according to the Cedex® Bio Analyzer device
Days Glucose, mg/L | Glutamine, mM/L | Glutamate, mg/L | Lactate, mg/L | Ammonium, mM/L Addition
1.0% 7A
5 2000.74 0.32 381.32 2345.45 7.920 0.1% 7B
1 g/L glucose
1.50% 7A
0.15% 7B
6 3343.45 0.15 598.39 1806.77 10.148 200 mM glutamine
2 g/L glucose
2.0% 7A
0.2% 7B
7 1721.22 0.48 972.53 2065.86 11.544 200 mM glutamine
3 g/L glucose
2.50% 7A
8 6158.21 1.23 1320.79 300.88 8.311 0.25% 7B
3.0% 7A
9 3891.29 0.59 1402.18 650.86 10.032 03% 7B
1.50% 7A
10 2191.10 0.52 1410.47 873.21 9.716 0.15% 7B
2.0% 7A
11 2272.02 0.11 584.63 727.05 3.759 02% 7B
2.50% 7A
12 323.82 0.21 609.07 257.12 3.258 0.25% 7B
4 ¢/L glucose
13 3783.16 0.21 1021.88 242.33 3.358 2 g/L glucose
14 4548.37 0.89 1101.30 323.79 8.285 -

process parameters were achieved in a stirred-tank
bioreactor at pH 7.2 using temperature reduction
from 37 to 33°C, with ActiPro™ culture medium in
combination with culture additives 7A and 7B, in which
the CHO cell culture expressed the highest amount
of the target antibody. This conclusion was based on
a study of the culture conditions of CHO cells stably
producing the GamP2C5 antibody (clone 78). The
process of cultivation of this clone in a wave bioreactor
with a working volume of 10 L is described. The
optimal culture medium was selected, in order to give
the maximum content of the target protein. Experiments
were carried out to evaluate the effect of temperature
variation during cultivation on the productivity of the
target antibody. Furthermore, the pH of the culture
medium was selected; something which also affects the
cultivation of'this clone. Then, for transfer to a production
scale bioreactor (stirred-tank bioreactor), the optimal
parameters were selected taking into account the change

of stirring type. The Ambr® 250 mini bioreactor system
was used for this work, by means of which the optimal
parameters in terms of temperature and pH were selected.
Furthermore, the study revealed that the productivity
indices for the CHO cell line stably producing the
GamP2C5 antibody (clone 78) have different values
in a wave-mixed and stirred-tank bioreactors. For this
clone in a bioreactor with wave-type agitation (working
volume 10 L), the best result in the yield of target
antibody was demonstrated at 7= 37°C. When cultured
in a stirred-tank bioreactor (Ambr® 250 mini bioreactor)
the highest productivity was demonstrated at 7= 33°C.
At the same time the content of target antibody in
Ambr® 250 mini bioreactor at T = 33°C exceeds this
index when compared with the bioreactor with wave
type of agitation (working volume 10 L) at 7'= 37°C.
Cultivation was carried out in a stirred-tank bioreactor
with a working volume of 200 L, after selecting the
optimal cultivation parameters for the CHO cell line
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stably producing the GamP2C5 antibody (clone 78).
The parameters for this process were selected using
data obtained from experiments in an Ambr® 250 mini
bioreactor. Furthermore, supplements were added with
metabolite assay/control, in order to ensure optimal
culture conditions for CHO cells stably producing
GamP2C5 antibody. Thus, in our study, we developed
an efficient technology for culturing CHO cells stably
producing GamP2C5 antibody as component I of the
GamCoviMab candidate drug for emergency prevention
and therapy of infection caused by SARS-CoV-2 virus.
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