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SUMMARY

Mycoplasma bovis is considered one of bovine mycoplasmosis pathogens responsible for respiratory diseases, mastitis, arthritis and keratoconjunctivitis. The paper
presents results of the study on optimizing the component composition of the culture medium for Mycoplasma bovis “Kaluga 2020” isolate, as well as the study of
this pathogen’s growth stages. The color-changing units assay and the culture method combined with colony-forming unit quantification were used for determi-
nation of Mycaplasma activity. It was found that when cultured in an optimized nutrient medium based on modified Hayflick broth, the microorganism enters a
logarithmic growth phase after first 24 hours of growth, in 72 hours the Mycoplasma culture enters a stability phase, and a decline phase is recorded in 84 hours.
The effect of percentage content of glucose, fresh yeast extract and horse serum in the nutrient medium on accumulation of Mycoplasma bovis “Kaluga 2020"isolate
was evaluated using the one-factor-at-a-time approach. It was found that the greatest effect on Mycoplasma accumulation was exerted by such growth factors
as fresh yeast extract and horse serum in the nutrient medium (p < 0.05), while changes in the amount of glucose did not stimulate Mycoplasma bovis growth.
Based on results of the conducted studies, the appropriate composition was determined and the optimal content of growth factors in the medium for culturing
Mycoplasma bovis “Kaluga 2020” isolate was selected: 12.5% of fresh yeast extract and 25% of horse serum. The use of the optimized nutrient medium based on
modified Hayflick broth allowed 5-fold increase in accumulation of Mycoplasma biomass (3.98 x 10° CFU/ml) compared to the standard medium (0.79 x 10° CFU/ml).
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PE3IOME

Mycoplasma bovis aBnAeTca oAHUM 13 BO36yAUTENEl MUKONNA3MO30B KPYMHOrO poraToro Ck0Ta, Bbi3bIBaOLLMM pecriupatopHble 6one3Hu, MacTuT, apTput
11 KepaTOKOHbIOHKTUBWT. B CTaTbe NpefcTaBneHbl pe3ynbTaTbl MCCIef0BaHINA N0 ONTUMI3ALMI KOMIOHEHTHOTO COCTaBa NUTATENbHOI Cpeabl ANA KyNbTUBY-
poBaHua n3onata «Kanyra 2020» Mycoplasma bovis, a Takxe U3yueHus CTauil pocta Bo36yautens. [lng onpefeneHna akTUBHOCTU MUKOMIA3M MCONb30BAN
METOZ N3MepeHIA LiBETON3MEHAIOLLNX eANHULL U KyNbTYpanbHbIil METOZ C NOACYETOM KONOHNe06pa3yloLLnX eAnHuL,. YCTaHOBAEHO, YTO NPU KyNbTUBMPOBAHMN
B ONTMMU3MPOBAHHOIA NUTaTebHON Cpefie Ha 0CHOBE MOANPULIMPOBAHHOTO ByNboHa XelidanKka MUKpOOPraHu3m BCTynaeT B Gasy norapudmuyeckoro pocta no
UCTeYeHNN NepBbIX 24 4 PocTa, Yepe3 72 4 KyNbTypa MUKONNa3M NepexoduT B CTabunbHbil nepuog, a yepes 84 u peructpupyetca dasa cnaga. Bauanme npo-
LIeHTHOTO COAEPXKaHNA FIKO3bl, CBEXEro APOXKeBOro IKCTPaKTa 11 CbIBOPOTKIN KPOBM NOLUAAM B NUTaTeNbHON cpefe Ha HakonneHue nonata «Kanyra 2020»
Mycaplasma bovis oueHuBanu ¢ ncnonb3oBaHnemM MeTofia «OANH GakTop 3a pa3». bbino ycTaHOBNEHO, UTO HanboNbLLee BAUAHME HA HAKOMNEHME MUKOMIa3M
0Ka3bIBaso COf\ePXKaHue B NUTaTeNbHON Cpefie TakuX GakTOPOB POCTa, Kak CBEXUI APOXKEBOI IKCTPAKT U CbIBOPOTKA KpoBi nowwaan (p < 0,05), B To Bpema
KaK U3MeHeHue KonnyecTBa rioKo3bl He cTUMynuposano poct Mycoplasma bovis. B pe3ynbTate npoBeseHHbIX MCCNeA0BaHII ONpeAeneH NoAXOAALLMI COCTaB
11 Mofo6paHo onTManbHoe cofepxaHue GakTopoB pocTa B cpeae AnA KynbTBMpoBanua usonata «Kanyra 2020» Mycoplasma bovis: 12,5% cBexero Apox:xeBoro
KCTpaKTa 1 25% CbIBOPOTKY KpoBiA NoLaju. MprMeHeHre ONTUMU3MPOBAHHOIT NUTaTeNbHOI CPefibl Ha 0CHOBE MOANPULIPOBaHHOTO ByNboHa Xeiidnuka no-
3BOMNO YBENMYMTD HakoneHve 61nomaccbl MuKkonnasm B 5 pas (3,98 x 10° KOE/mn) no cpaBHeHuto co cTaHZapTHoii cpegoii (0,79 X 10° KOE/mn).

KnioueBbie cnosa: Mycoplasma bovis, KpynHblit poratblit ckoT, u3oaaT «Kanyra 2020», onTumu3auus, nuTatenbHble Cpedbl, KonoHneobpasyloLme efnHm-
Ul (KOE), usetonsmenatoias eaunuua (LIME), 6uonornueckas akTMBHOCTb
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Cpefbl v M3yyeHue cTapmil pocta usonsata «Kanyra 2020» Mycoplasma bovis. Bemepurapus ce200us. 2022; 11 (3): 262—267. DOI: 10.29326/2304-196X-2022-11-
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INTRODUCTION

Mycoplasma bovis (M. bovis) is a causative agent of
bovine mycoplasmoses, which is widespread all over
the world and is common in the Russian Federation as
well [1, 2]. This pathogen is one of the etiological agents of
bovine respiratory diseases, also causing mastitis, arthritis
and keratoconjunctivitis [3, 4].

M. bovis was first isolated from cattle with severe masti-
tis in the USA in 1961 [5, 6]. M. bovis is considered respon-
sible for a quarter to a third of all economic losses in cattle
industry due to respiratory diseases [7].

Laboratory diagnosis of bovine mycoplasmoses
includes cultural, serological and molecular test
methods [8, 9]. At the same time, the pathogen isolation
by culturing in nutrient media is one of the most reliable
methods of the disease diagnosis. Currently, various types
of nutrient media are widely used for M. bovis cultivation,
including Hayflick medium [10], modified PPLO medi-

m [11], Eaton’s medium [12] and others.

Optimization of nutrient medium composition is one
of the most important aspects for improving the myco-
plasma culture technique, as well as for diagnostic studies
using isolation method [13]. At the same time, the com-
plexity of the component composition of nutrient media
and the long period of mycoplasma growth require multi-
stage studies [14].

Mycoplasma growth rate and activity are estimated
using several methods: color-changing unit (CCU) assay,
colony-forming unit (CFU) count, measurement of turbidi-
ty, reduction of tetrazolium salts to formazane, determina-

tion of adenosine triphosphate (ATP) cell concentrations
using luciferin-luciferase luminometry, etc. [15].

The aim of the paper is to study M. bovis growth dyna-
mics during in vitro cultivation and to optimize the compo-
nent composition of Hayflick nutrient medium.

MATERIALS AND METHODS

Isolate. M. bovis “Kaluga 2020 isolate recovered from
biological material samples of calves demonstrating
clinical signs of respiratory disease in 2020 was used for
the study. The M. bovis isolate was identified using real-
time polymerase chain reaction.

Nutrient media. Modified Hayflick broth was used as
a standard liquid nutrient medium [16]. BBL™ Mycoplas-
ma Broth Base (BD, USA) was used for its preparation.
BBL™ Mycoplasma broth base in an amount of 20 g was
dissolved in 1 L of distilled water, thoroughly mixed and
sterilized by autoclaving at a temperature of (121 + 0.5) °C
for 15 minutes, then it was cooled to (50 + 2) °C. 20 mL
of non-heated horse serum, 0.5 mL of 40% glucose solu-
tion, 10 mL of fresh 25% yeast extract solution, 1.5 mL
of 0.5% phenolic red solution, 1 mL of penicillin solution
(200,000 units/mL) and 0.04 mL of 10% thallium acetate
solution were added to 100 mL of the medium. The pH
of the finished broth was adjusted to 7.8 by adding 1.0 M
NaOH solution.

To prepare a solid nutrient medium, 6.7 g of Bacto™
Agar (BD, USA) was added to the modified Hayflick broth.
After autoclaving, the semi-product was cooled to a tem-
perature of (50 + 2) °C, and medium supplements were
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Fig. 1. 3-day-old M. bovis culture grown in solid nutrient
medium (magnification 20x)

added according to the above-specified procedure. The
prepared nutrient medium was poured into Petri dishes,
cooled until completely solidified and stored at a tempera-
ture of (4 +£2) °C.

Determination of M. bovis “Kaluga 2020” isolate activi-
ty. To determine the mycoplasma activity, the CCU assay
and culture method with CFU count were used. A series of
10-fold successive dilutions of the suspension containing
M. bovis “Kaluga 2020" isolate (107'-107°) were prepared
in Hanks' saline solution. 10 pL of microbial suspension
of each dilution were inoculated in solid nutrient medi-
um in three duplicates. The inoculations were cultivated
in a thermostat at a temperature of (37 £ 0.5) °C in 5%

Table 1
Correlation between M. bovis biological activity and CCU value

Mycoplasma biological

Duration fivit
of cultivation, Medium color change actvity
: lg CFU/mL | Ig CCU/mL
24 from red to red-orange 7.0 5.0 74
72 from red-orange to orange 8.9 10.0 7.2
9 from orange to orange-yellow 8.0 9.0 7.1
168 from orange-yellow to yellow 6.4 4.0 6.8

gradient of the nutrient medium color change

10
-
E 9
)
G 8
80
= 7
'96
=
£
€ s
Q
s a
(=}
g 3
&
5 2
8
> 1
>

0

0 1 2 3 4 5 6 7 8 9 10 11

Time point (day)

Fig. 3. Growth phases and accumulation of M. bovis “Kaluga 2020" isolate
when cultivated in modified Hayflick broth

Fig. 2. 4-day-old M. bovis culture grown in solid nutrient
medium (magpnification 40x)

CO,-enriched atmosphere for 9 days. Reading of titration
results was conducted by counting single colonies and cal-
culating the average CFU number in 10 L of the highest
suspension dilution, in which the growth of M. bovis co-
lonies was observed. The obtained value was used to cal-
culate the CFU number in 1 mL of the initial suspension of
the test material.

The activity of M. bovis “Kaluga 2020" isolate was evalu-
ated in 96-well culture plates using the color-changing
units [17, 18] method. 20 pL of initial M. bovis suspension
were mixed with 180 uL of modified Hayflick broth with
phenolic red in the first wells of the plate, then serial
10-fold dilutions of the test suspension were prepared
(107-107°). Wells without M. bovis were used as a nutrient
medium control. The plates were incubated at a tempera-
ture of (37 + 0.5) °Ciin 5% CO,-enriched atmosphere for
14 days. Accumulation of M. bovis metabolic products re-
sults in a pH shift to acidity, which causes a color change
of the indicator from red to yellow. The color change of
the nutrient medium and M. bovis activity in the culture
suspension were recorded every 24 hours.

The concentration (titer) was determined in CCU/mL as
the maximum dilution of M. bovis-containing suspension,
in which a color change was observed [19].

The pH of the medium was monitored using a pH meter
according to the operating instructions of the device.

Statistical analysis. The Minitab/Statistics program (ver-
sion 19.1, USA) was used for experimental data analysis.
The results obtained were found to be reliable (p < 0.05).

TEST RESULTS

During cultivation of M. bovis on solid modified Hayflick
medium the colonies with irregular edges and a knobby
protuberance resembling a fried egg were observed
(Fig. 1, 2).

Determination of growth phases and maximum
accumulation time of M. bovis “Kaluga 2020"” isolate
when cultivated in modified Hayflick broth. M. bovis

“Kaluga 2020" isolate was cultivated at a temperature of
(37 £ 0.5) °C for 10 days, while samples of culture suspen-
sion were taken every 24 hours and the M. bovis activity
was estimated by titration methods using CFU count (cul-
ture method) and color-changing units assay. The study
results showed that the “Kaluga 2020” isolate culture en-
tered the logarithmic growth phase after 24 hours of cul-
tivation and the maximum level of mycoplasma biomass

264
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Fig. 4. Effect of various components of nutrient medium on accumulation of M. bovis “Kaluga 2020” isolate

accumulation was recorded in 72 hours, after which a de-
cline phase occurred with a decrease in the biological ac-
tivity of the cultivated material (Fig. 3).

Correlation of biological activity values of mycoplas-
mas identified by color-changing units assay and cul-
tural method. Analysis of the obtained results showed
that the maximum isolate accumulation was observed
in 72 hours of cultivation (8.9 Ig CFU/mL). The indicated
mycoplasma concentration correlated with the change
in the color of the nutrient medium (10 Ilg CCU/mL),
which corresponded to a pH of 7.2. With longer cultiva-
tion, the biological activity of the cultured material was
recorded to decrease to 6.4 lg CFU/mL, which was com-
parable to the concentration of microorganisms equal to
41g CCU/mL (Table 1).

Determination of the optimal nutrient medium com-
position for M. bovis “Kaluga 2020” isolate cultivation. At
the first stage of the work, the modified Hayflick medium
components that most significantly affected the accumu-
lation of M. bovis “Kaluga 2020" isolate were determined.
The studies were carried out by modifying the standard
composition of the Hayflick medium with respect to the
three components: glucose, fresh yeast extract and horse
serum. At the same time, the percentage quantity of only
one of the three components was changed in each series
of experiments, while the standard parameters of other
growth factors remained the same.

To determine the effect of glucose on M. bovis growth,
a nutrient medium containing this component at 0.25;
0.50;0.75; 1.00; 1.25% was used, fresh yeast extract — at 5.0;
7.5;10.0; 12.5; 15.0%, horse serum - at 10, 15, 20, 25, 30%.
Changes in the biological activity of mycoplasmas were
monitored by CFU count using titration method.

The obtained results showed that the content of two
growth factors in the nutrient medium is of the highest
importance for M. bovis accumulation: fresh yeast extract
and horse serum, while glucose does not have a significant
effect (Fig. 4).

After identification of the most significant growth fac-
tors of the nutrient medium, it was necessary to determine
their optimal ratio. For this purpose, testing of 25 experi-
mental nutrient media with different amounts of these
components was conducted. M. bovis accumulation was
determined by titration and expressed in Ilg CFU/mL.

According to Table 2, the M. bovis maximum activity
(9.60 Ilg CFU/mL) is observed when cultivated in a nutri-
ent medium containing 12.5% fresh yeast extract and 25%
horse serum.

The obtained results are confirmed by the data
on changes in the biological activity of M. bovis “Kalu-

Table 2
Effect of nutrient medium composition on accumulation
of M. bovis “Kaluga 2020 isolate

Contents of the studied components

Experiment lg CFU/mL
1 5.0 10 7.80
2 7.5 10 7.90
3 10.0 10 8.00
4 12,5 10 8.20
5 15.0 10 7.90
6 5.0 15 7.70
7 75 15 7.90
8 10.0 15 8.00
9 12,5 15 8.20
10 15.0 15 7.80
n 5.0 20 7.70
12 7.5 20 7.90
13 10.0 20 8.10
14 12,5 20 8.00
15 15.0 20 7.80
16 5.0 25 8.10
17 7.5 25 7.90
18 10.0 25 8.00
19 12.5 25 9.60
20 15.0 25 7.79
21 5.0 30 7.50
22 7.5 30 7.85
23 10.0 30 8.00
24 12.5 30 7.80
25 15.0 30 7.60
ga 2020" isolate when cultured in a standard and opti-
mized Hayflick nutrient medium (Fig. 5).
When cultured in an optimized medium the biologi-
cal activity of M. bovis was on average 3.98 x 10°CFU/mL,
which is 5 times higher than that of M. bovis when cultured
in a standard Hayflick nutrient medium (0.79 x10° CFU/mL).
265
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Fig. 5. Activity of M. bovis “Kaluga 2020" isolate when cultivated in
standard and optimized Hayflick medium
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DISCUSSION

Based on the results of the conducted studies, it can be
concluded that there is a correlation between the growth
phase, the accumulation of mycoplasmas, the CFU indica-
tor and the nutrient medium color (CCU parameter).

The transition from red to orange corresponded to
the phase of exponential growth of mycoplasmas, and
when the growth peak was reached, a change in the color
of the medium from red-orange to orange was observed.
During further cultivation the medium colour changed
successively to orange-yellow and yellow, which corres-
ponded to the decline phase as a result of cell lysis and
intracellular ATP depletion. Similar results are confirmed
by the foreign colleagues’data [15, 20].

Mycoplasma cultivation is considered a laborious tech-
nique [18], and the search for optimal media for obtaining
high-quality biological material of these microorganisms,
as well as for production of specific means of mycoplasmo-
sis immunoprophylaxis is of urgent importance [21].

It was established that glucose had a minor effect on
M. bovis growth and accumulation, which is consistent
with the literature data [22, 23].

The use of optimized nutrient medium based on modi-
fied Hayflick broth containing 12.5% fresh yeast extract
and 25% horse serum showed a 5-fold increase in accumu-
lation of M. bovis “Kaluga 2020"isolate (3.98 x 10° CFU/mL)
as compared to the standard medium (0.79 x 10° CFU/mL).
The results obtained in similar studies on optimization of
the nutrient medium composition for M. hyopneumoniae
cultivation indicate only a 3-fold increase in mycoplas-
ma accumulation as compared to the standard medi-
um [13, 24].

Studying M. bovis growth, as well as determining
the log phase, can play an important role in future investi-
gations on isolation of this species mycoplasmas, cultiva-
tion and vaccine development.

CONCLUSION

The study results showed that after first 24 hours of cul-
tivation in a liquid medium M. bovis “Kaluga 2020" isolate
entered the phase of logarithmic growth and reached
the maximum accumulation level in 72 hours. A decline

phase occurred and the biological activity of the resulting
material decreased with longer cultivation in 84 hours.

It was found that the growth factors — fresh yeast ex-
tract and horse serum - had the greatest effect on accu-
mulation of M. bovis “Kaluga 2020"isolate when cultivated
in Hayflick medium. The optimal content of these com-
ponents in the culture medium was selected — 12.5 and
25%, respectively. An optimized nutrient medium based
on modified Hayflick broth can be used to obtain bacterial
material for the development of diagnostic products and
means of specific prevention of M. bovis-induced diseases.
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