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Abstract. Exotoxins that produce vaccine strains of the anthrax pathogen are the main source
of immunogenicity of anti-selective vaccines used in veterinary medicine. The relevance of the
study is due to the search for the most suitable vaccine strains of the anthrax pathogen to obtain
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high production of exotoxin as a factor of the effectiveness of drugs for the implementation of
preventive and safety measures in the field of veterinary medicine. In this regard, the purpose of
the study was to examine the productive properties of microbes of the Bacillus genus regarding the
production of exotoxin under changes in cultivation conditions during incubation. Microbiological
and biotechnological methods and comparative statistical analysis are used to examine vaccine
strains of the anthrax pathogen. Strains are selected according to the intensity of growth on nutrient
media. A biotechnological approach to obtaining a specific anthrax protein is used to analyse the
production of exotoxin by vaccine strains of the anthrax pathogen. When cultured on identical
nutrient media, the vaccine strains produce different amounts of exotoxin. Virulent (B. anthracis
IBM-92 Z), vaccine (B. anthracis K-79 Z, B. anthracis Sterne 34F 2, B. anthracis 55, B. anthracis SB.
anthracis Tsenkovsky II) strains, and anthrax cultures (B. cereus 8035, B. anthracoides 67, B. subtilis
BKM 17) are examined. In the course of experimental work, it is determined that the production
of exotoxin of various anthrax pathogen strains depends on the medium’s pH. It is established
that with identical pH values of the medium and cultivation conditions, the highest production of
exotoxin was shown by the vaccine strain B. anthracis K-79 Z. The titer of a specific anthrax protein
was 1:64. Changes in the pH of the medium during the cultivation of strains affect the amount of
exotoxin formation - the main factor in the formation of specific immunity against the anthrax
pathogen. The results of the study can be applied by specialists of the veterinary service to select
antigen producers in the development of new drugs against anthrax in animals based on exotoxins

Keywords: anthrax; toxin formation; cultivation; medium pH; virulent strains; reference cultures

Introduction

Anthrax is an infectious disease caused by a
spore-forming gram-positive, rod-shaped bac-
terium, Bacillus anthracis. In the large Bacillus
genus, B. anthracis is the only obligate path-
ogen. As noted by M. Omodo et al. (2023), an-
thrax is a zoonotic disease transmitted through
the soil by a pathogen found on all continents
of the globe. Anthrax is potentially contagious
to most mammals. However, first of all, it af-
fects ruminants. This bacterium survives for
decades as spores in meadows contaminated
with abandoned or buried corpses of animals
that died from anthrax. R. Liddington (2021)
draws attention to the fact that people become
infected with anthrax through contact with in-
fected animals or by eating contaminated an-
imal products. In 95% of cases, when a person
is infected with anthrax, the skin form is most
common. E. Kisaakye et al. (2020) indicate that
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WHO estimates that between 2,000 and 20,000
human cases of anthrax are reported annually
in the world.

Infection with B. anthracis is possible
through the skin, gastrointestinal, or respira-
tory tract. Anthrax exists in two forms: vege-
tative cells (inside the host) and endospores
in the soil or environment, where, as noted by
S. Topluoglu et al. (2021), it can remain viable
for decades to come. The global distribution
of anthrax, in most cases, is determined by the
presence of soils that support the survival of
spores, namely those that are rich in organ-
ic substances and calcium and have a pH>6.4.
W. Ashenefe et al. (2022) proved that a warming
climate will increase the risk of anthrax in some
regions of the world. The preservation of spores
and unpretentiousness to the conditions of ex-
istence created prerequisites for the potential
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use of bacteria as a weapon for bioterrorism. As
stated by E.K. Dumas et al. (2020), anthrax out-
breaks and isolated cases of animal and human
infection have been reported in many coun-
tries. High mortality in the invasive form of an-
thrax and the development of shock during the
disease are quite common consequences of this
disease compared to the effect of other bacteria
on the body. Therefore, developed countries pay
considerable attention to this deadly infection.

Bacillus anthracis, the etiological agent of
anthrax, becomes particularly virulent due to
the capsule and two AB-type toxins: lethal fac-
tor LF and edematous factor EF. These toxins
primarily disable immunocompetent cells. Both
toxins are transferred to the host cell via the
adhesin-Internalin subunit, a protective PA an-
tigen. T.G. Sumithra et al. (2021) report that PA
allows LF to reach intraluminal vesicles, where
it remains active for a long time.

The main criterion for the development of
modern anti-anthrax agents in veterinary medi-
cineistheuse of anthrax vaccine strains. Accord-
ing to W. Liu & E.M. Nestorovich (2021), it fol-
lows that the feature of B. anthracis is a property
to produce exotoxin outside its cell. This product
of metabolism of the vegetative form of bacilli
consists of three fractions: protective, edema-
tous, and lethal. The ability of anthrax microbes
to produce exotoxin varies. All anthrax vaccines
form antitoxic immunity in the vaccinated an-
imal. The intensity and duration of immunity
depends on this property, so the examination
of toxigenicity of anthrax strains is relevant.

The toxin contains various combinations
of protective antigen (PA), lethal factor (LF),
and edema factor (EF). These three proteins
combine to form two toxins: a lethal toxin (LT,
a combination of PA and LF) and an edematous
toxin (ET, a combination of PA and EF). Tox-
ins alter the signalling pathways of host cells
to interfere with the innate immune response
in the early stages of infection and cause a

vascular collapse in the later stages of the dis-
ease. According to R. Liddington (2021), toxins
not only affect the innate and adaptive immune
system but also determine the subsequent con-
sequences of the disease. Due to the key role of
the protective antigen (PA) in the action of an-
thrax toxin, efforts are being made to develop
new vaccines consisting of a purified recombi-
nant form of PA (rPA) adsorbed on an alumin-
ium adjuvant that can cause a persistent neu-
tralising effect. PA is immunogenic and causes
the formation of toxin-neutralising antibodies
that correlate with anthrax protection. Vaccines
against toxin-mediated bacterial diseases such
as diphtheria, tetanus, and anthrax protect by
triggering sustained antibody responses that
neutralise the toxin. However, attempts to de-
velop such vaccines are difficult due to the lack
of stability of the vaccine during storage.

When cultivating field virulent strains of
B. anthracis in the laboratory, a slight produc-
tion of the toxin is recorded, but it has a high
aggressiveness. In the composition of the tox-
in of the field strain, the lethal and edema-
tous fractions occupy more than 70%. Thus, as
proved by W. Liu & E.M. Nestorovich (2021),
the protective fraction accounts for less than
30%. Anthrax vaccine strains produce exotox-
in, which is dominated by the protective frac-
tion. When grown under identical conditions,
they produce different amounts of exotoxin.
Saprophytic spore-forming aerobic microbes
from the Bacillus genus produce their own me-
tabolites in the culture fluid but do not form a
specific anthrax toxin. The ability of a vaccine
strain to produce exotoxin in vitro depends on
many factors: genetic makings, composition
and type of nutrient medium, pH values, dura-
tion of cultivation, temperature, and number
of cultivation passages. M. Manish et al. (2020)
note that an important role in the creation of
drugs using anthrax is played by the selection
of anthrax vaccine strains.
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From the above, the purpose of the study
is to investigate the ability of various microbes
of the Bacillus genus to produce exotoxins
outside the cell wall when culture conditions
change during incubation in a veterinary lab-
oratory. Therewith, special attention was paid
to the effect of the pH of the medium on the
production of exotoxin, which is an important
stage in the toxin formation and further use of
anthrax pathogen strains in the case of creat-
ing new veterinary drugs. The main develop-
ment of drugs based on anthrax exotoxins was
carried out during the lifetime of Academician
A.L. Zaviryukha, under his leadership a group
of scientists (DNU State Center for Innovative
Biotechnologies, Ukraine, Kyiv). This study is
a continuation of scientific work on the devel-
opment of modern technologies for obtaining
exotoxins of pathogenic microorganisms.

Literature Review

K.A. Simonsen & K. Chatterjee (2019) indicated
that anthrax actors, once in a favourable en-
vironment, during reproduction in a living or-
ganism (in vivo) and on liquid nutrient media (in
vitro), germinate quickly and secrete exotoxin
outside the cell wall. Anthrax toxin consists of
threeproteins: protective antigen (PA, 83 kDa),
lethal factor (LF, 90 kDa), and edema factor (EF,
89 kDa). These three polypeptides are encoded
by the pXO1 plasmid and form dicotyledonous
combinations. The combination of LF and PA
forms a lethal toxin (LT), whereas EF, in com-
bination with PA, creates an edematous toxin
(ET). Two protein components of anthrax toxin
(EF and PA) increase the host’s susceptibility
to infection by inhibiting PMN function and
increasing the body’s resistance. The research-
ers proved that the combination of LT and ET is
a disease factor. Instead, separately, the three
toxin components (PA, LF, and EF) are non-tox-
ic, which follows from the mortality of mice
with LT and ET.
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According to the results of the study, today,
there is a wide possibility of using attenuat-
ed toxins as drug delivery systems. J.L. Dale et
al. (2018) noted that experimental preparations
containing exotoxins had high preventive prop-
erties. PA was shown to be a harmless toxin
subunit that triggers a protective immune re-
sponse and is the basis for all preventive meas-
ures against anthrax. According to J. Frydrych et
al. (2018), M. Manish et al. (2020) and J. Tourni-
er & C. Rougeaux (2020), anthrax protein vac-
cines licensed for human use include partially
purified PA enhanced with various excipients.

In recent years, anthrax toxin has been
modernised, and it acts as a targeted anti-an-
giogenic antitumour agent that kills tumours
and has excellent therapeutic performance in
experiments on animal models. Two concep-
tually different functions were added to PA to
achieve high specificity when targeting the tu-
mour. Anthrax toxin is a powerful tool for de-
livering proteins and drugs to cells. The ability
of PA to various modifications and the growing
number of new LF drug conjugates, as proved
by C.]. Young et al. (2018) and E.S. Fischer et
al. (2019), make this system a fairly versatile
tool not only for antitumour therapy but also
for use in other areas of veterinary medicine
and biomedicine. ].M. Fonseca et al. (2020) in-
dicate that anthrax toxin has proven to be a
universal system for delivering drugs to cells
from multiple enzyme fragments. This highly
efficient delivery system was further modified
by introducing ubiquitin as a cytosolic cleavage
site into lethal fusion proteins. Such develop-
ments are conducted for the purpose of target-
ing tumours and delivering drugs to them.

Anthrax toxin receptors: tumour endothe-
lial marker 8 (TEMS8) and capillary morphogen-
esis gene 2 (CMG2) are endothelial receptors
involved in extracellular matrix homeostasis
and angiogenesis that are selectively activat-
ed in many tumours. One of the methods of
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influencing these receptors is the protective
antigen (PA), a protein produced by B. anthracis.
T. Crawford et al. (2019) specified that toxins
targeting PA selectively inhibit tumour growth
and angiogenesis, but the selectivity of PA for
the tumour is still being investigated. Applica-
tion of B. anthracis strains with reduced pro-
tease was identified to be appropriate in com-
bination with drugs to prevent the trigger of an
immune response at the stage of cancer treat-
ment. M.A. Walker et al. (2020) used protective
antigen (PA) for specific targeting of different
types of tumours.

D. Diaz-Arévalo et al. (2021) proved that
the involvement of anthrax exotoxin in nee-
dle-free mucosal vaccines has positive results.
Therewith, the immunogenic properties of
anthrax exotoxin, which was used to develop
combined drugs, were examined. It is noted
that during the development of an influenza
vaccine, its composition should be reviewed
annually due to antigenic changes in circulat-
ing strains of the influenza virus. Due to sea-
sonal drift and changes in circulating strains,
the flu vaccine does not always correspond to
circulating strains, and the adjuvants includ-
ed in it are insufficient to induce a protective
effect on long-lived memory cells. Adjuvants
play an important role in the immune re-
sponse to the vaccine and Bacillus anthracis
the detoxified anthrax edema toxin, which
consists of the protective antigen PA and the
N-fragment of edema factor (EFn), showed an
improved effect on humoral and cellular im-
mune responses. As a result, a universal influ-
enza vaccine design was developed, consisting
of three tandem repeats of influenza antigen
M2E plus HA2 and detoxified toxin EFn, which
is associated with the PA component, and
methods used to confirm protection. This will
help develop a vaccination strategy using de-
toxified anthrax toxin for intranasal delivery
of influenza antigen.

Despite the effectiveness of modern vac-
cines, scientists are searching for the develop-
ment of the most areactogenic drugs, namely,
improving anti-selective vaccines to reduce
irritation and inflammation at the injection
site. Similar reactions, as noted by S. Alameh et
al. (2020) and T.G. Sumithra et al. (2021), oc-
cur when exposed to edematous and fatal fac-
tors. M.A. Smiley et al. (2019), D. Zakowska et
al. (2019), and D.R. Weilhammer et al. (2020)
proved that anthrax vaccines based on mutant
variants of the exotoxin PA have less toxicity
and greater immunogenicity. PA is a central
component of anthrax toxin, which plays a
leading role in protecting against encapsulat-
ed and non-encapsulated anthrax strains. Vac-
cines based on subunit rPA have a good safety
and protection profile. However, there are prob-
lems of PA instability that are substantially ag-
gravated by the use of aluminium adjuvants.
New adjuvant compositions, dry preparations,
and mutant forms of PA that are resistant to
proteolysis and deamidation can solve this
problem. Therefore, as stated by O.A. Kondak-
ova et al. (2019), the development of a modern
anthrax vaccine requires further research.

The protective antigen is the main protec-
tive immunogen in anthrax vaccines licensed
in the United Kingdom and the United States.
Repeated administration of vaccines is required
to protect the body from this disease. However,
depending on how they are developed, vaccines
are relatively coarse products containing trace
amounts of LF, EF, and other bacterial antigens
that contribute to reactogenicity. LF and its in-
dividual domains have been confirmed to stim-
ulate a protective antibody response in animals
and humans. Combining protective regions
into a single fusion protein is a more efficient,
cost-effective, and practical approach. A fusion
protein containing the N-terminal PA-binding
domain LF (LFn) and the C-terminal PA-bind-
ing domain of the host cell can protect mice
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from lethal anthrax infection. T.B. Gallagher et
al. (2019) proved that the production of a single
vaccine containing protective regions against
LF and PA is cost-effective and can provide a
wider range of protection than a vaccine con-
taining only PA.

P. Pilo & J. Frey (2018) and V. Savransky et
al. (2019) conducted a number of studies on the
development of anthrax vaccine with recombi-
nant protective antigen (rPA) (rPA7909), which
is intended for post-exposure prevention of dis-
eases caused by suspicious or confirmed Bacil-
lus anthracis. The reaction at the injection site
in animals treated with the control adjuvant is
similar to that in animals treated with rPA7909
for inflammation. The inflammatory response
at the injection site and drained lymph nodes
was consistent with the expected immune stim-
ulation and indicated a favourable safety pro-
file for rPA7909. Although anthrax is rare, this
microorganism can potentially be used in bio-
terrorism because it produces endospores that
can withstand harsh environmental conditions.
Therefore, as noted by Ch.K. Kang et al. (2019),
in the future, the demand for an effective and
safe anthrax vaccine will grow.

Thus, according to recent scientific studies,
the use of extracellular toxins B. anthracis when
creating new drugs is promising, and there is a
need for further scientific developments on the
prevention and treatment of anthrax.

Materials and Methods

The research was conducted in 2021 based on
the Veterinary Laboratory of the State Scien-
tific Institution “Centre for Innovative Bio-
technologies” (Kyiv) under the programme No.
01190100900 “Exotoxin of the causative agent
of anthrax. Characteristics, identity between
strains, alternative to antibiotic therapy”.

The following nutrient media were used in
the study: nutrient broth (HIMEDIA) and nu-
trient agar (HIMEDIA), nutrient broth (GRM) -
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Kesler medium based on fish meal hydrolysate,
meat-peptone Agar (MPA), and meat-peptone
broth (MPB). Vaccine strains of anthrax and an-
thrax microorganisms: B. anthracis K-79 Z, B. an-
thracis IBM-92Z (Institute of Veterinary Medi-
cine, Kyiv), B. anthracis Sterne 34F 2, B. anthracis
55, B. anthracis SB, B. anthracis Tsenkovsky II,
B. cereus 8035, B. anthracoides 67, B. subtilis BKM
17 (museum collection of microorganisms).

Microbiological, biotechnological, and sta-
tistical research methods were used in the the
process. The selection of strains was applied
depending on the intensity of growth on nu-
trient media. A biotechnological method of
cultivation and filtration was used to obtain a
specific anthrax protein and examine the pro-
duction of exotoxin by vaccine strains of the
anthrax pathogen. The effect of pH on exotox-
in production by experimental strains was de-
termined by changes in the pH of the medium
and the ability of different cultures to exhibit
toxigenic properties. The HANNA H198128 pH
meter was used. Experiments began with the
production of pure working cultures of strains
(Fig. 1-9), which were introduced to the HIME-
DIA Agar (India) on Petri dishes and incubated
at a temperature of 37°C for 48 hours.

Figure 1. B. anthracis K-79 Z culture growth
on nutrient agar (HIMEDIA)
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Figure 5. B. anthracis culture growth
on nutrient agar (HIMEDIA)

Figure 2. B. anthracis Tsenkovsky 11 (IBM92 Z)
culture growth on nutrient agar (HIMEDIA)

Figure 3. B. anthracis Sterne 34f2 culture

growth on nutrient agar (HIMEDIA) Figure 6. B. anthracis Tsenkovsky I culture

growth on nutrient agar (HIMEDIA)

Figure 4. B. anthracis 55 culture growth Figure 7. B. cereus 8035 culture growth
on nutrient agar (HIMEDIA) on nutrient agar (HIMEDIA)
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Zaviryukha et al.

Figure 8. B. anthracoides 67 culture growth
on nutrient agar (HIMEDIA)

After the first 24 hours of incubation, the
cultures were checked under a microscope for
the presence of alien microflora. After 48 hours,
at the end of incubation on a solid medium,
microscopy of the colonies was performed. The
number of microbial cells was determined using
the generally accepted method of counting the
colony forming units (CFU) in veterinary medi-
cine. At the end of incubation, it was washed off
with a spatula on the nutrient broth (HIMEDIA).

Incubation was conducted for 48 hours in
nutrient broth (HIMEDIA) at a temperature of
37.0x1°C. In the first 24 hours, the purity of
crop growth was monitored. Grown colonies
were selected using a bacteriological loop, and
a “crushed drop” smear was applied and viewed
under a microscope. pH control was conducted
using a HANNA H198128 pH meter (Germany),
the pH of the medium was 7.4. After testing, in-
cubation was continued for up to 48 hours. At
the end of incubation, exotoxins were obtained.
Further, filtration through a bacteriological fil-
ter of the F5 brand (China) was conducted ac-
cording to the author’s certificate No. 1022362.
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Figure 9. B. subtilis BKM 17 culture growth
on nutrient agar (HIMEDIA)
Sourse: compiled by the author

The resulting filtrates were checked for contam-
ination according to DSTU 4483:2005 (2006).
The titer of anthrax protein was determined in
the obtained exotoxins.

The precipitation disk reaction (RDP) was
used to determine the titer of exotoxins. The
disk-precipitation reaction was staged. The
formulation of the disk-precipitation reaction
is aimed at detecting in the culture liquid a
specific for B. anthracis metabolite — exotox-
in by immunodiffusion reaction in Agar gel
using a specific anthrax serum. According to
the Ascoli reaction formulation method, 0.5-
1.0 cm?® opaque precipitation of anthrax serum
was added to the bottom of a clean bacteri-
ological test tube. A 1% agar gel, melted and
cooled to 41-45°C, was layered on the serum
using a Pasteur pipette along the wall of the
test tube. After layering the Agar with a col-
umn 7-10 mm high, the test tube was left in
an upright position for 15-20 minutes until it
completely cooled down. The number of test
tubes with such a system should correspond
to the number of test tubes with sediment and
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sediment dilutions. 1.0-2.0 cm 3 of appropriate
dilution of sediment and sediment was layered
on the agar surface. The prepared test tubes
were placed in a thermostat at a temperature
of 37°C for 16-24 hours. The test tubes were
visible in the penetrating light against a black
background. The presence of a white precipita-
tion line (disk) in the agar column was deter-
mined. The presence of a disk in the test tube
indicated the presence of spencific anthrax

protein. Precipitating anthrax serum (Kherson
State Enterprise — Biological Dactory) was used
in the reaction.

Results and Discussion

During experimental studies, the influence of
changes in cultivation conditions on experi-
mental strains of microbes of the Bacillus genus
was determined. The results of the determina-
tion of exotoxin titers are presented in Table 1.

Table 1. Results of determination of anthrax protein titers in filtrates
of anthrax pathogen strains during cultivation in nutrient broth (HIMEDIA)

Strai Colony-forming Nutrient Incubation Incubation Tlt?r THGE
train name . . o . resulting filtrate
units (CFU) medium temperature, °C period, h
(genus)
B. anthracis K-79 Z 30x10° 1:64
B. anthracis IBM-92Z 31x10° 1:16
B. anthracis Sterne 34F, 32x10° 1:32
B. anthracis 55 30x10° 1:32
B. anthracis SB 29x10° H%\;I(])EgllA 37.0+1.0 48 1:32
B. anthracis Tsenkovsky II. 31x10° 1:16
B. cereus 8035 30.2x10° -
B. anthracoides 67 31x10° -
B. subtilis BKM 17 29x10° -

Source: compiled by the authors

Based on the results (Table 1), it can be
seen that the strain B. anthracis K-79 Z, under
identical growing conditions in a nutritious
broth (HIMEDIA), produces an exotoxin with
a titer of 1:64. Strains B. anthracis Sterne 34F,
B. anthracis 55, and B. anthracis SB produced an
exotoxin with a titer of 1:32. Therewith, it was
established that the strains B. anthracis IBM-
927 and B. anthracis Tsenkovsky II produced an
exotoxin with a specific anthrax protein titer of

1:16. Anthrax strains B. cereus 8035, B. anthra-
coides 67, and B. subtilis BKM 17 produced no
anthrax exotoxin. The reaction for the genus
was negative. Cultivation of virulent and avir-
ulent strains of anthrax pathogen on nutritious
GRM broth showed that the cultivation of vac-
cine strains of anthrax pathogen B. anthracis
Sterne 34F, B. anthracis 55, and B. anthracis SB
is less productive than the strain B. anthracis
K-79 Z under the same conditions (Table 2).

Table 2. Results of determination of anthrax protein titers in filtrates
of anthrax pathogen strains during cultivation on nutritious GRM broth

Strain name Color.ly-forming Nutr'ient Incubation Incu!)ation Titgr of the
units (CFU) medium temperature,°C period,h resulting filtrate
B. anthracis K-79 Z 28x10° 1:64
B. anthracis IBM-92Z 29x10° t?r}(z)lt\ﬁ 37.0+1.0 48 1:16
B. anthracis Sterne 34F, 27x10° 1:32
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Table 2. Continued

Strain name Color.ly-forming Nutr-ient Incubation Incu!)ation Tite'er of the
units (CFU) medium temperature, °C period,h resulting filtrate
B. anthracis 55 28x10° 1:32
B. anthracis SB 30x10° 1:32
B. anthracis Tsenkovsky I1. 27x10°0 GRM 1:16
B. cereus 8035 28x10° broth ST.0<1.0 8 ;
B. anthracoides 67 31x10° -
B. subtilis BKM 17 29x10° -

Source: compiled by the authors

As can be seen from the results (Table 2),
the lowest titer of exotoxin when incubated in
GRM broth corresponded to B. anthracis IBM-92
Z and B. anthracis Tsenkovsky II, the titer of exo-

toxin in the RDP reaction was 1:16. The results
of growing crops on HIMEDIA broth with the
addition of 40% glucose solution in the amount
of 5% are presented in Table 3.

Table 3. Results of determination of anthrax protein titers in filtrates
of anthrax pathogen strains when cultured in nutrient broth (HIMEDIA) + glucose 5%

Colony-forming Nutrient

Incubation Incubation

Sl e units (CFU) medium temperature, °C  period, h R

B. anthracis K-79 Z 31x10° 1:128
Bac. anthracis IBM-92Z 29x10° 1:16
B.anthracis Sterne 34F, 30x10° E’}: 1:32
B.anthracis 55 30x10° < % 1:32
B.anthracis SB 30x10° E %O 37.0+1.0 48 1:32
B.anthracis Tsenkovsky I1. 29x10° = 1:16

B. cereus 8035 28x106 g -

B. anthracoides 67 31x10° -

B. subtilis BKM 17 31x10° -

Source: compiled by the authors

The research shown in Table 3 indicate
that the titer of the exotoxin strain B. anthracis
K-79 Z when grown in HIMEDIA + 5% glucose
broth was 1:128. This indicator is the highest
among vaccine strains of the anthrax pathogen.
Changes in cultivation conditions did not affect
the production of exotoxin by vaccine strains
B. anthracis Sterne 34F, B. anthracis 55, B. an-
thracis SB, and the exotoxin titer was 1:32. Ex-
otoxins of strains B. anthracis IBM-92Z and B.
anthracis Tsenkovsky II had a specific protein ti-
ter of 1:16. Saprophytic spore-forming bacilli B.
anthracoides 67, B. subtilis 17, and B. cereus 8035
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do not produce a specific toxin, and therefore,
their filtrates of culture fluids did not react by
precipitation (Ascoli) with antibodies of precip-
itating anthrax serum.

The examination of the effect of the pH of
the medium on the production of exotoxin of
anthrax strains began with the production of a
bacterial mass with an identical number of mi-
crobial cells — 30.2-30.8 x 10¢ CFU. Strains were
introduced in the amount of: B. anthracis K-79
Z-30.5 % 10° B. anthracis IBM-92Z - 30.7 x 10°,
B. anthracis Sterne 34F2 — 30.2 x 10, B. anthra-
cis 55 - 30.8 x 10%, B. anthracis SB — 30.5 x 10°
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and B. anthracis Tsenkovsky 11 — 30.2 x 10¢. Col-
onies grown on MPA were introduced in a lig-
uid nutrient medium — MPB with different pH
values - 6.5; 8.5; 7.5. Incubation was conduct-
ed in a thermostat for 48 hours at a tempera-
ture of 37°C. The bacterial mass was filtered
through F5 grade bacterial filters. The obtained
filtrates were checked according to DSTU
4483:2005 (2006). With filtrates of the culture
liquid, RDP was applied to determine the titer
of the anthrax protein. According to the results
of the study, it was determined that vaccine
strains produce different amounts of exotoxin
when the pH of the medium changes.
According to the results of the experiment,
it was found that B. anthracis K-79 Z when cul-
tured at pH 6.5, showed an exotoxin titer ac-
cording to RDP - 8, when cultured at pH 7.5, the
exotoxin titer was 64, and when cultured at pH
8.5-32. The average titer of the resulting exo-
toxin corresponded to a value of 1:34.66+16.22.
Culture B. anthracis IBM-92 Z, when cultured at
pH 6.5, showed an exotoxin titer of 4, and when
incubated at pH 7.5-8.0. If the pH of the medium
changed to 8.5, the exotoxin titer corresponded
to 4. The average titer of exotoxin strain B. an-
thracis IBM-92 Z was equal to 1:5.33%1.33. When
the pH value of the medium changes to 6.5, the
vaccine strain B. anthracis Sterne 34F2 showed
the title 8. When cultured on a medium at pH 7.5,
the exotoxin titer corresponded to 32. When
cultured at pH 8.5, a titer of 1:16 was obtained.
The average exotoxin score was 1: 18.66+7.05.
Exotoxin production indicators also
changed in B. anthracis 55. When cultured at pH
6.5, exotoxin production was 1:8 in titer. If the
pH value of the medium changes to 7.5, an ex-
otoxin titer of 1:32 is obtained. For changes in
the pH of the medium to 8.5, an exotoxin titer of
1:16 was noted. Average titer of exotoxin B. an-
thracis 55 in the experiment was 1:18.66%7.05.
Vaccine strain B. anthracis SB, when cultured on
a nutrient medium, a pH value of 6.5 showed a

titer of anthrax protein of 1:8. When cultured at
a medium pH of 7.5, an exotoxin with a titer of
1:32 was obtained. When the pH of the medium
changed to 8.5, an exotoxin was noted in the
titer of 1:16. The average exotoxin production
of the strain B. anthracis SB was 1: 18.66=7.05.

Culture B. anthracis Tsenkovsky II, when
cultured at pH 6.5, showed an exotoxin titer of
1:8. When cultured at pH 7.5, the exotoxin titer
was 1:16. When cultured at a medium pH of 8.5,
an exotoxin titer of 1:8 was obtained. Average
exotoxin production of the strain B. anthracis
Tsenkovsky II corresponded to 1:10.66%2.66.
The results of experimental studies show that
during the cultivation of vaccine strains of an-
thrax at different pH values of the medium, the
content of a specific protein in exotoxins var-
ied. Despite changes in the pH value of the me-
dium, the highest titer of exotoxin was obtained
from the strain B. anthracis K-79Z, the average
amount of specific anthrax protein in the bac-
terial mass filtrate was 1:34.66*16.22. Notably,
at pH values of 8.5 of the medium, B. anthracis
K-79Z produced exotoxin in a titer of 1:32. This
is the highest rate of formation of a specific an-
thrax protein among the experimental strains
at a pH of 8.5 of the medium.

According to the results, it was established
that the production of exotoxin can change
with fluctuations in the pH values of the me-
dium, which has practical application in the
development of a biotechnological process for
manufacturing a vaccine from a strain or cre-
ating diagnosticums as, for example, a standard
anthrax antigen. Changing the pH value of the
medium allows correcting the biotechnologi-
cal process of spore formation, the intensity
of spore germination, the formation and ac-
cumulation of exotoxin in the cultural fluid.
In accordance with the literature data, the re-
search on the exotoxin production of anthrax
pathogen strains is relevant. Typically, studies
use one or two strains to produce vaccines or
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diagnosticums. This study compares the vac-
cine strains used for the production of vaccines
for veterinary medicine in Ukraine and abroad.
Therewith, over the past five years, comparative
studies of such vaccine strains regarding the
production of exotoxin and the influence of ex-
ternal factors on toxin formation have not been
conducted by other researchers.

M.H. Norris et al. (2020) analysed the
spore formation of field and vaccine strains of
the anthrax pathogen in the laboratory using
nutrient media. The number of viable spores
was taken into account according to the CFU.
The authors confirmed that laboratory strains
grown on media without animal protein quick-
ly lose their ability to spore. Laboratory strains
B. anthracis produce fewer proteins associated
with growth and spore formation compared
to wild strains isolated as a result of zoonotic
diseases. According to the results of the paper,
the rate of their growth on nutrient media is
more slowed down than in field strains. It was
also confirmed that wild strains grow faster
than laboratory strains, showing greater sen-
sitivity to the availability of nutrients. Spore
formation in wild strains was substantially
faster compared to laboratory strains, which
indicates the ability of wild strains to accumu-
late spores faster due to nutrient restrictions.
Meanwhile, in laboratory strains, there is a de-
crease in the rate at which they use nutrients
and an increase in the time of spore formation.
In addition, the authors noted that the mech-
anisms of growth retardation in laboratory
strains require further investigation. There-
fore, studies on the influence of the medium
and cultivation conditions of vaccine strains
are relevant and have a practical need.

D. Galante et al. (2022) noted that PA plays
a crucial role in the immune inactivation of
anthrax toxins, as it induces the production
of neutralising antibodies that are necessary
to provide protection against anthrax. The
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researchers proved a clear correlation between
neutralising antibodies and protective immuni-
ty and highlighted the dependence of the effec-
tiveness of anthrax vaccines on the magnitude
of the humoral anti-PA response induced in an-
imals or humans. In addition to toxin proteins,
in media containing bicarbonate and providing
5% CO,, which happens when mammalian tis-
sues are infected, B. anthracis secretes many
other proteins that play an important role in
the virulence process. Therefore, proteases and
degrading enzymes were identified that can
inactivate proteins, cleave host antimicrobial
factors, and modify secreted bacterial virulence
factors, thereby performing additional func-
tions for the complete virulence of B. anthracis.
As noted by A. Verma & D.L. Burns (2018)
and Ch.K. Kang et al. (2019), the demand for an
effective and safe anthrax vaccine is growing
as humanity prepares for possible bioterrorism
in the future. However, the currently adsorbed
anthrax vaccine (AVA, BioThrax TM, Lansing,
Michigan) remains the only U.S. FDA-approved
vaccine that has been researched for decades.
The authors noted that the optimal scheme and
route of administration of AVA is still unknown
and expressed several reservations about its
pharmaceutical quality and consistency from
batch to batch, which requires the creation of a
new anthrax vaccine. Therewith, a randomised,
blind, placebo-controlled phase II clinical trial
was conducted on healthy adult volunteers to
assess the immunogenicity and safety of a new
anthrax vaccine with recombinant protective
antigen (rPA), GC1109. The new anthrax vac-
cine rPA GC1109 was identified to have immu-
nogenic activity after three doses of intramus-
cular administration and was well tolerated.
].B. Felix et al. (2020) proved that the Sterne
vaccine cannot elicit an immune response after
oral vaccination. This vaccine contains a sus-
pension of live attenuated spores of B. anthra-
cis strain Sterne 34f2 (Sterne spores) in saponin
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and is a modern injectable vaccine for livestock.
When administered orally, it is ineffective, and
individual subcutaneous injections are not a
practical method of vaccination of wild animals.
Based on the conducted studies, the authors es-
tablished a direct dependence of the effective-
ness of the drug on the pH of the medium and
the effect on the vaccine strain when creating
various cultivation conditions, which confirms
the results described in this paper. The stability
of Sterne spores at different pH values was eval-
uated in vitro, and it was determined that the me-
dium at pH 2 leads to the death of spores of the
vaccine strain. The authors confirmed that pro-
tection from the stomach environment is a ma-
jor problem in the production of oral vaccines.
Therefore, there is a need to create an effective
oral anthrax vaccine for wild animals. An oral an-
thrax vaccine is urgently needed to prevent an-
nual anthrax outbreaks that lead to catastrophic
losses of livestock and wildlife around the world.

V. Savransky et al. (2019) noted that exist-
ing licensed preventive vaccines are heteroge-
neous products and may include inactivated
bacterial and viral vaccines, live attenuated
vaccines, recombinant proteins, polysaccharide
and conjugated vaccines, and DNA vaccines.
They often contain immunostimulating com-
ponents represented by various adjuvants and
require developing new anthrax vaccines de-
signed to improve the currently licensed one.
These improvements include fewer vaccina-
tions and faster protection Times. V. Savran-
sky et al. (2019) indicated that rPA7909 is an
anthrax vaccine with recombinant protective
antigen (rPA) supplemented with the immunos-
timulating oligonucleotide CpG 7909 and was
developed for post-exposure anthrax preven-
tion. The vaccine is a sterile lyophilised form,
which, after dilution, has the appearance of a
suspension from white to almost white in color.
The final reconstituted drug contains 75 mcg of
rPA, 750 mcg of aluminium (as an adjuvant of

algidrogel), and 250 mcg of CpG 7909 in 0.5 mL
(full dose) with other excipients. The rPA7909
vaccine was well tolerated by the animal body
and caused local and systemic effects associ-
ated with the inflammatory process provoked
by the injected material. The expected anti-
gen-specific antibody response was observed in
animals that received the rPA7909 vaccine.
M.A. Smiley et al. (2019), D. Zakowska et
al. (2019), and D.R. Weilhammer et al. (2020)
presented a study on mutant variants of the PA
exotoxin used to improve vaccines. T.B. Gal-
lagher et al. (2019) proved that PA is the main
protective immunogen in anthrax vaccines
licensed in the UK and US. The use of recom-
binant protective antigen (rPA) (rPA7909) as a
post-exposure anthrax prevention was proven
by V. Savransky et al. (2019). Anthrax vaccine
production in the UK (AVP) is focused on repro-
ducing protective antigen (PA) from the Bacillus
anthracis Sterne strain. However, some funda-
mental properties of AVP still need to be exam-
ined. Therefore, it is necessary to investigate the
differences in degrees of protection in different
animal species, even though AVP has been used
for decades, as noted by T. Modi et al. (2021).
S. Jauro et al. (2020) noted that the vaccine
from the Bacillus anthracis Sterne strain with
live spores (SLSV, strain Bacillus anthracis 34F2)
is an effective veterinary anthrax vaccine, al-
though its use with antimicrobials is contrain-
dicated. However, the use of a non-live anthrax
vaccine (NLAV) may overcome the limitations
of SLSV. The authors presented the results of a
study on cattle vaccinated with either NLAV (pu-
rified recombinant PA (PrPA) or rPA (CrPA) and
formaldehyde-inactivated spores (strain FIS B.
anthracis 34f2) and emulsigen-D®/Alhydrogel®
adjuvant. The potential of NLAV (PrPA+FIS
or CrPA+FIS) applied together with combined
adjuvants (Emulsigen-D®/Alhydrogel®) to in-
duce an immune response against toxins
and spores B. anthracis in vaccinated cattle

Ukrainian Journal of Veterinary Sciences. 2024. Vol. 15, No. 1




Zaviryukha et al.

was established. Immune response with Pr-
PA+FIS+Emulsigen-D®/Alhydrogel® demon-
strated a substantial level of protection in the
passive protection analysis on mice, which is
comparable to SLSV. Due to the inanimate prop-
erty of the vaccine, it is compatible with antibi-
otic treatment in the event of an outbreak. It
can be used for vaccination of wild animals and
on grazing grounds. It lacks residual virulence
in vaccinated animals. Field clinical trials of
the vaccine are currently underway. The use of
antigens as components of new drugs against
anthrax is a promising direction in improving
methods of control and Prevention of this dis-
ease in animals.

H. Mirhaj et al. (2019) noted that the stand-
ard approach to anthrax therapy is to destroy
germinating bacilli by injecting aggressive
antibiotics. However, antibiotic therapy is in-
effective when systemic symptoms of anthrax
appear since, by this time, deadly concentra-
tions of anthrax toxin accumulate in the body
of sensitive animal species, and as a result of
natural evolution, antibiotic-resistant strains
appear. Deliberate modification through ge-
netic engineering is also a new challenge for
traditional antibiotic treatment. Therefore, the
development of an antitoxin for combined use
with antibiotic therapy is a top priority. Modern
vaccines are produced in England and the Unit-
ed States on the basis of precipitation of cell ex-
tracts. The production of next-generation an-
thrax vaccines focuses on various recombinant
expression systems. As a result of this study,
it was determined that antibodies generated
against four PA regions (PAD4) can neutralise
anthrax toxin and PA mixed with LF, which in-
creases the specific antibody response to PA.
Thus, from the available literature sources, it is
known about the research on toxin formation of
a vaccine strain B. anthracis Sterne 34F, used for
the production of anthrax vaccines in the Unit-
ed States and England.
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In Ukraine, biofactories produce veterinary
preventive drugs from three strains: B. anthra-
cis Sterne 34F2, B. anthracis K-79Z, and B. an-
thracis SB. The creation of vaccines is based
on the spore mass of the anthrax pathogen.
Foreign developments are based on the prod-
ucts of B. anthracis strain metabolism and are
mostly aimed at preventing infection in hu-
mans. Academician A.I. Zaviriukha and a team
of scientists from the relevant laboratory of the
Institute of Molecular Biology and Genetics of
the National Academy of Sciences of Ukraine
(Kyiv) commenced the examination and prac-
tical application of exotoxins of infectious
diseases pathogens in animals in the compo-
sition of biological preparations. The selection
and deposition of strains producing toxins was
conducted: anthrax (strains B. anthracis K-79
Z and IBM 92 Z), colibacteriosis (E. coli IBM-1),
pasteurellosis (P. multocida 84z), salmonellosis.
The possibility of using anthrax exotoxins in
the manufacture of specific diagnosticums and
inactivated immunogenic vaccines were exper-
imentally proven. The results presented in this
paper are a continuation of research on the de-
velopment of modern technologies for obtain-
ing exotoxins of pathogenic microorganisms
and their determination, presence, and quanti-
ty in the culture fluid and elucidation of their
effect on the immune system of animals.

The authors of this paper consider all the
above aspects regarding preventive drugs from
the vaccine strain B. anthracis Sterne 34F2,
especially its properties related to the forma-
tion of exotoxin. Due to the museum of micro-
organisms, in particular, the presence of the
aforementioned strains of anthrax and anthrax
bacilli, researchers have the opportunity to
compare the parameters of cultures of the Ba-
cillus genus. Long-term work with various ref-
erence strains indicates substantial advantages
of the vaccine strain B. anthracis K-79 Z regard-
ing the production of exotoxin in comparison
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with B. anthracis Sterne 34F, B. anthracis 55,
and B. anthracis SB, which is the main source of
immunogenicity of the vaccine, namely the ef-
fectiveness of its use for animals and humans.
At the present stage of creating vaccines for ef-
fective anthrax prevention, it is vital to use an-
thrax pathogens with a lower allergenic effect
and the ability to preserve the stability of exo-
toxin as a source of immunogenicity. Therefore,
examining vaccine strains at different stages of
the creation of anti-selective drugs is a rele-
vant direction of scientific and practical search.

Conclusions

On the basis of the Veterinary Laboratory of
the State Scientific Institution “Centre for In-
novative Biotechnologies”, a study of the abil-
ity of various microbes of the Bacillus genus to
produce exotoxins outside the cell wall when
culture conditions change during incubation
was conducted. It was established that when
the cultivation conditions and pH values of
the medium change, vaccine strains of the an-
thrax pathogen produce different amounts of
exotoxin. The B. anthracis K-79 Z vaccine strain
was the most resistant to changes in the pH of
the medium, the average amount of specific
anthrax protein in the bacterial mass filtrate
was 1: 34.66%16.22. Cultivation in a medium
with a pH value of 7.5 was the most optimal for
strains B. anthracis Sterne 34F, B. anthracis 55,
and B. anthracis SB. The titer of the resulting
anthrax protein was 1:32. Under the same cul-
tivation conditions with the experimental vac-
cine strains and a certain favourable pH 7.5 of
the medium, the highest titer of a specific an-
thrax protein was 1:64, obtained from the ba-
cilli of the vaccine strain B. anthracis K-79 Z. It
was determined that a change in the pH of the
medium to 8.5 provoked experimental strains
of the anthrax pathogen to produce exotoxin
in the titer of a specific anthrax protein — 1:16,
which is much lower than that under optimal

cultivation conditions. Change in the incuba-
tion pH values of the nutrient medium to 6.5
affected the growth properties of strains and
the process of toxin formation, which mani-
fested itself in a decrease in the production of
specific anthrax protein to 1:8 in filtrates of
bacterial masses of vaccine strains B. anthracis
Sterne 34F, B. anthracis 55, and B. anthracis SB.
When the cultivation conditions changed - an
increase in the pH of the medium to 8.5, the
experimental strains showed a similar decrease
in the production of a specific anthrax protein,
which was 1:32. This indicates similar charac-
teristics of these vaccine strains and an iden-
tical effect of the pH value of the medium on
exotoxin production. Under the same cultiva-
tion conditions with the experimental vaccine
strains and a certain favourable pH 7.5 of the
medium, the highest titer of a specific anthrax
protein was 1:64, obtained from the bacilli of
the vaccine strain B. anthracis K-79 Z.

The presence of high rates of exotoxin pro-
duction in vaccine strains of anthrax pathogen
is an important indicator in the development
of new drugs against anthrax pathogen for use
in veterinary medicine. In the future, studies of
toxigenic properties of vaccine strains of the
anthrax pathogen will be conducted and their
further use in veterinary medicine during the
development of new preventive drugs for an-
thrax, which will contribute to the epizootic
security of the state.
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Auoranisg. OCHOBHIM [KepesioM iMyHOT€HHOCTi MPOTUCUGiPKOBUX BaKIIVH, SIKi 3aCTOCOBYIOThCS
Yy BeTepUHAapHiil MeAUIMHI € eK30TOKCMHM, IO TPOAYKYIOTh BAaKUWHHI IITaMu 30ygHMUKA
CMOipKU. AKTYaJIbHICTh HOCTIIKEHHS 3yMOBJIEHA TTOIIYKOM HAWMPUAATHIIINX A0 BUKOPUCTAHHS
BaKUMHHMX IITaMiB 30yJHMKA CUOIpKM, 3 METOI OTPMMAaHHS BMCOKOI MPOAYKIlii €K30TOKCUHY,
K (hakTopa e(peKTUBHOCTI IpernapariB Ijsl 3Ai/icCHEHHS TTPOQiTakKTUUHNX i 6€3MMEeKOBUX 3aXO0/IiB
y ranysi BetepuHapii. Y 3B’I3Ky 3 UM, MeTa POGOTU MOJSATANA Y OOCTiIKEeHHI MPOTYKTUBHUX
BJIACTUBOCTEN MiKpo6iB pomy Bacillus 100 POAYKIIii eK30TOKCUHY 32 3MiHM YMOB KyJIbTUBYBAHHSI
mig vyac iHkyo6arii. IIpy mociimskeHHI BaKIIMHHMX IITaMiB 36yIHMKA CUGIPKM BUKOPUCTOBYBAIU
MiKkpoG6ionoriuni Ta 6iOTEXHONOTiYHI METOAV, a TAKOX MOPIBHSUIbHMIA CTAaTUCTUYHUIL aHais.
ITpoBoguau Bigbip mTaMiB 3a iHTEHCMBHICTIO POCTY HAa TOXKMBHUX cepemoBuinax. st
BUBYEHHS MPOAYKIIii €K30TOKCUHY BaKIMHHMMM IITaMaMyM 30yIHMKA aHTpaKca 3aCTOCOBYBAIN
6ioTexXHOIOTiUHMIT MiAXig oTpUMMaHHS crenndiyHoro cubipkoBoro 6inka. ITpyu KyJbTUBYBaHHI Ha
iIeHTUYHX MOKMBHMX cepeoBUIIaX BAaKI[MHHI ITaMM ITPOLYKYBa/IM Pi3HY KiJIbKiCTh €K30TOKCUHY.
HocnigxkeHo BipyneHTHi (B. anthracis IBM-92 Z), BakuunHi (B. anthracis K-79 Z, B. anthracis Sterne
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34F 2, B. anthracis 55, B. anthracis CB, B. anthracis LlenkoBcbKoro II) iirramu, a Takok c6ipKomnoai6Hi
kynbtypu (B. cereus 8035, B. anthracoides 67, B. subtilis BKM 17). Y npolieci ekcriepyMeHTalIbHOL
po6OTM BM3HAUEHO, LIO MPOAYKIliS €K30TOKCHMHY Pi3HMX IITaMiB 36yqHMKA CUOIPKM 3aI€KUTb
Bin pH cepenoBuia. BcraHOBIEHO, 110 MpM iIeHTMYHMX NTOKa3HMKax pH cepemoBuina Ta yMOB
KyJIbTUBYBaHHS HAaliBUIIY TPOAYKIIil0 €K30TOKCMHY ITOKa3aB BaKUMHHMI mtam B. anthracis K-79 Z.
Tutp cienudiuHoro cubipkoBoro 6inka craHoBMB 1:64. 3MiHa pH cepeoBuiIiia py KyJIbTUBYBaHHI
IITaMiB BIUIMBAa€ HA KiJTbKICTh YTBOPEHHS €K30TOKCMHY — OCHOBHOrO ¢akTopy (OopMyBaHHS
cnerdivHOTO iMYHITETY MpOTM 30yOHMKA aHTpakca. Pe3ynbTaTv JOCTIIKEeHb MOXKYTb OyTU
3acrocoBaHi (haxiBLsSIMU BeTepMHAPHOI CITyKOU 1711 BiZ6Opy MPOLYIIEHTIB aHTUTEHY MTPY PO3POOILIi
HOBMX IIperapariB MpoTu cUbGipKy B TBAPMH HA OCHOBI €K30TOKCUHIB

KnrouoBi c1oBa: aHTpaKkC; TOKCMHOYTBOPEHHS; KyJAbTUBYBaHHS; pH cepemoBuiia; BipyaeHTHi
mramu; peepeHTHi KyIbTypu
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