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ABSTRACT

Objective: to identify possible genetic variants of Mycoplasma pneumoniae in a glycerol-3-phosphate oxidase
gene fragment corresponding to the FAD binding domain of the enzyme, and to study their pathogenic properties.

Material and methods: The material for the obtainment of Mycoplasma pneumoniae isolates was sputum,
epithelial cell scrapings from the nasopharynx, tracheobronchial secretion from 85 children and adolescents diagnosed
with bronchitis and pneumonia and detecting Mycoplasma pneumoniae DNA. The isolation of Mycoplasma pneumoniae
from the clinical material was proceeded in a mycoplasma medium without an energy source. The DNA isolation from
the biological material and from the culture fluid was performed by the method of sorption extraction. The sediment of
the cellular elements of the sputum was used for the DNA extraction with the use of the CTAB reagent.

Results. Synonymous and non-synonymous nucleotide substitutions have been identified in 54 clinical isolates
of Mycoplasma pneumoniae. It has been found that the amino acid substitutions HisS1Leu and AspS5His are essential
for the realization of the pathogenic potential of the Mycoplasma pneumoniae isolates associated with the production of
hydrogen peroxide.

Conclusion. The A152T (HisS1Leu) and G163C (AspS55His) substitutions were identified in the G3P oxidase
gene of the Mycoplasma pneumonia clinical isolates, and their presence was associated with the variability in the activ-
ity of the enzyme. The Mycoplasma pneumoniae isolates carrying the A152T substitution (His51Leu) produced hydro-
gen peroxide in significantly lower amounts (5 mg/l) in comparison with the reference strain (10 mg/l) and had re-
duced cytotoxicity in relation to respiratory epithelial cells. The Mycoplasma pneumoniae isolates carrying the substitu-
tion G163C (Asp55His) were characterized by enhanced pathogenic properties, such as increased production of hydro-
gen peroxide (25 mg/1) and more pronounced cytotoxicity towards respiratory epithelial cells.

Key words: Mycoplasma pneumoniae, glycerol-3-phosphate oxidase, hydrogen peroxide, nucleotide substitutions,
cytotoxicity.
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PE3IOME

Ifens: BEITBUTH BO3MOXKHBIE 'eHEeTHYeCKHe BapuaHThl Mycoplasma pneumoniae o oparMeHTy IeHa TAUIIEPOA-3-
docdar okcuaasel, coorBeTcTBYyOIIeMYy PA/l CBA3BIBAIOIIEMY AOMEHY (bepMeHTa, U U3y4YUTh UX IIaTOIeHHbIe CBOHCTBA.

Mamepuanst u memoodst. MarepuasoM [asl ITOAYIEHHUS U30AATOB Mycoplasma pneumoniae CTaAl MOKPOTa, CO-
CKOOBI SITUTEAHAABHBIX KAETOK M3 HOCOTAOTKH, TPaxeoOpOHXHAABHBIN ceKpeT 85 meTell U IIOAPOCTKOB C AHATHO3AMH OPOH-
XUT W ITHEBMOHHSI, ¥ KOTOPBIX Obira BeiaBaeHa [JHK Mycoplasma pneumoniae. Beimeaerue Mycoplasma pneumoniae u3
KAMHHUYECKOIO MaTepHasa IIPOBOAHAU C HCIIOAB30BAaHHEM CPepl JAS MUKOIIAA3M 6e3 MCTOYHUKA dHepruu. Brigeaenue [THK
13 OMOAOTHYECKOTO MaTepHasa IalMeHTOB U KyABTYPAABHOM KHMAKOCTH IIPOBOAHAM METOZOM COPOIIMOHHOH 3KCTPaKIIHH.
OcaioK KAETOYHBIX 9AEMEHTOB MOKPOTHI HCIIOAB30BaAu nas BblneseHus [IHK c mpumenenueMm LITAB peakTrBa.

Pesynemamet. B 54 xauHu4yeckux uzoaarax Mycoplasma pneumoniae BbITBA€HbI CHHOHHMHYHbBIE ¥ HECHHOHH-
MHUYHBIE HYKACOTH/AHbIE 3aMEHbl. YCTAaHOBACHO, YTO aMHMHOKHUCAOTHBIe 3aMeHbl HisS1Leu u AspSSHis aBagroTcs 3HaYHU-
MBIMH JASI PEaAM3alliM IIaTOT€HHOTro MOTEeHIIHasa H30A9TOB Mycoplasma pneumoniae, CBI3aHHOTO C IPOAYKLMEH Iie-
poKcHuzia BOAopoaa.

Baxnrouenue. B rene I'3® okcumaspl KAMHHYECKHX H30AATOB Mycoplasma pneumoniae BBIIBAEHBI 3aMEHBI
A152T (His51Leu) u G163C (Asp55His), Haau4me KOTOPBIX COIIPOBOXKIAAOCH BApHAOEALHOCTHI0O aKTUBHOCTH (pepMeHTa.
H3zoaaTel Mycoplasma pneumoniae, Hecymme 3ameny A152T (HisS1Leu), npoaynupoBasn IIEpOKCH BOAOPOAA 3HAYHMO
Huxke (5 Mr/A) YpoBHS IPOAYKIMK pedpepeHCHBIM InTaMMoM (10 Mr/A) U IPOSBASIAM CHUXKEHHYIO ITUTOTOKCHUYHOCTD I10
OTHOIIEHHUIO K KAETKAM PECIHPaATOPHOIO S3IIHTEAHs, TOTAa KakK H30adaTbl Mycoplasma pneumoniae, HeCylHe 3aMeHY
G163C (AspS5SHis), xapakTepH30BaAUCEH YCHACHHBIM ITIATOM€HHBIMH CBOMCTBAMH, YTO IIPOSBASIAOCEH B IIOBBIIIIEHHOH IIPO-
AYKLWH IepoKCcHaa Bomopoza (25 Mr/a) u 6oaee BhIPAXKEHHOM IHUTOTOKCHYHOCTH II0 OTHOIIEHHIO K KAETKaM pecIHpa-
TOPHOTO 3IUTEAHUS.
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Introduction

Mycoplasma pneumoniae infects the hu-
man respiratory tract and is an etiological
factor of various nosological forms of respira-
tory pathology: sinusitis, pharyngitis, laryngi-
tis, bronchitis, pneumonia, bronchial asthma
[1]. The distinguishing features of the patho-
gen include the small genome, the absence of
the cell wall and limited metabolic possibili-
ties, as with gram-positive streptococci from
which mycoplasma originated, Mycoplasma
pneumoniae lacks such metabolic pathways
as the tricarboxylic acid cycle and the elec-
tron transport chain with cytochromes.
Therefore, glycolysis is of primary importance
for the pathogen in terms of the provision of
energy resources [2]. This metabolic pathway
is closely related to the pathogenicity of My-
coplasma pneumoniae, since during the gly-
colysis reactions hydrogen peroxide is re-
leased, which, in addition to its bactericidal
action, has a cytopathic effect on the cells of
the respiratory tract [3].

Hydrogen peroxide is a universal patho-
genetic marker secreted by Mycoplasma
pneumoniae during the reaction of the con-
version of glycerol to dihydroxyace-
tonephosphate. This reaction is catalyzed by
the enzyme glycerol-3-phosphate (G3P) oxi-
dase (EC 1.1.3.21) [4]. The presence of G3P
oxidase is a distinctive feature of Myco-
plasma pneumoniae, since most microor-
ganisms have G3P dehydrogenase (EC
1.1.1.8), reacting with which electrons pass
to nicotinamide adenine dinucleotide (NAD)
and hydrogen peroxide is not formed. My-
coplasma pneumoniae G3P oxidase reduces
molecular oxygen to hydrogen peroxide.
This process is an important factor for the
determination of the cytotoxic properties of
the pathogen [5].

Mycoplasma infection is characterized by
variable course patterns ranging from mild
forms to severe pathologies [6]. The heteroge-
neity of the Mycoplasma pneumoniae G3P
oxidase gene can cause different levels of hy-
drogen peroxide production and, as a result,
clinical variants of mycoplasma infection will
develop. At present, Mycoplasma pneumoni-
ae G3P oxidase is likely to be a possible ther-
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apeutic target [7], but little is known about
the structural features of the Mycoplasma
pneumoniae enzyme gene recovered from the
biological material of patients with respiratory
pathology, as well as about the features of the
production of hydrogen peroxide by the clinical
isolates of Mycoplasma pneumoniae. Myco-
plasma pneumoniae G3P oxidase includes fla-
vin adenine dinucleotide (FAD) binding domain
and substrate binding domain, the FAD bind-
ing domain being involved in proton transfer
with the formation of hydrogen peroxide [8].
Therefore, the study of the Mycoplasma pneu-
moniae oxidase gene fragment corresponding to
this domain proves relevant.

Objective

To identify possible genetic variants of My-
coplasma pneumoniae in the glycerol-3-
phosphate oxidase gene fragment correspond-
ing to the FAD binding domain of the enzyme,
and to study their pathogenic properties.

Materials and methods

Acquisition of the clinical isolates of My-
coplasma pneumoniae. The material for the
obtainment of Mycoplasma pneumoniae was
sputum, epithelial cell scrapings from the na-
sopharynx (hereinafter referred to as scrap-
ings), tracheobronchial secretion of 85 children
and adolescents diagnosed with bronchitis and
pneumonia (from O to 15 years) and detecting
Mycoplasma pneumoniae DNA.

To isolate Mycoplasma pneumoniae from
the clinical material, a 100 pl sample of the
biological material was placed in 1 ml of a
mycoplasma medium (broth with mycoplas-
ma additive, Thermo Scientific. Oxoid), but
without an energy source, i.e. glucose, and
with antibacterial agents (penicillin and talia
acetate) to inhibit the growth of the concomi-
tant microflora. Cultures were kept for 30 min
at room temperature, then carried over to the
culture medium with the glucose additive and
incubated for 2-3 weeks at 37 °C in a humidi-
fied environment with 5 % CO,. The pathogen
growth was assessed by two methods: visually —
by the color of the pH indicator of the nutrient
medium changing from red to yellow and using
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the RT PCR method (LightMix Mycoplasma
pneumoniae kit, TIB MOLBIOL GmbH, Germa-
ny). Mycoplasma pneumoniae ATCC 15531 was
used as a reference strain.

Study of Mycoplasma pneumoniae G3P
oxidase gene polymorphism. The DNA isola-
tion from the biological material of the pa-
tients (scraping, tracheobronchial secretion)
and from the culture fluid was performed by
the method of sorption extraction (sets QI-
Aamp DNA Mini, Qiagen, Germany and
RealBest DNA Extraction 1, JSC VECTOR-
BEST, Russian Federation). The sediment of
the cellular elements of the sputum was used
for the DNA extraction with the use of a
CTAB reagent [9].

The DNA isolated from the 54 clinical iso-
lates of Mycoplasma pneumoniae, that of the
reference strain of Mycoplasma pneumoniae
and of the biological material was exposed to
amplification using synthesized primer pairs
(«Primetekh», Belarus) selected on the basis of
the gene structure of Mycoplasma pneumoni-
ae G3P oxidase (MPNOS1, GeneBank number
NC_000912.1, region 63494 ... 64648):

MPNOS1-forward —

5-40-ATAGGCTGTGCCACTGCTTA-59-3"

MPNOS1- reverse —

5°-700-ACTGACCTCGACGGGTTGT-682-3"

according to the program of 95 °C for
S minutes, 45 cycles of 95 °C for 60 s, 58 °C
for 60 s, 72 °C for 60 s, 1 cycle of 72 °C for
10 min. The expected size of the PCR product
was 660 bp.

The nucleotide sequence of the obtained
G3P gene fragment of Mycoplasma pneumoniae
oxidase was studied using the Sanger se-
quencing PCR method. Studies were per-
formed using the BigDye Terminator Cycle
Sequencing v3.1 reagent kit (Applied Biosys-
tems, USA). The acquired fragments were
separated by capillary polyacrylamide gel
electrophoresis in the ABI Prism 310 genetic
analyzer (Applied Biosystems, USA). Data on
the nucleotide sequence of the samples were
examined wusing the nucleotide-nucleotide
BLAST search system (www.ncbi.
nlm.nlm.nih.gov/blast/bl2seq/bl2.html) to
identify the sequence correspondence to the
reference gene. The nucleotide sequence of
the reference gene was obtained from the
GenBank database and is represented by the
Mycoplasma pneumoniae gene MPNOS51
(NC_000912.1, region 63494 ... 64648).

In vivo estimation of hydrogen peroxide
production. The estimation of hydrogen per-
oxide production was performed by the clini-
cal isolates and reference strain of Myco-
plasma pneumoniae. For this purpose, bacte-
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ria grown in the mycoplasma medium were
resuspended in a phosphate-buffered saline to
obtain suspension of Mycoplasma pneumoniae
with an optical density of 1 AU at a wavelength
of 550 nm (ODS550 = 1). Glycerol was added to
1 ml of the obtained Mycoplasma pneumoniae
suspensions. The final concentration of glycerol
was 100 pmol/l, which corresponds to its con-
centration in the blood serum [10].

The aliquots of the Mycoplasma pneu-
moniae suspensions free of glycerol served as
control ones. The production of hydrogen per-
oxide was evaluated colorimetrically after 20
minutes using test strips of the Merckoquant
peroxide test (Merck, Germany). The test
strips were immersed in the suspensions of
Mycoplasma pneumoniae for 1 sec. The
amount of hydrogen peroxide was judged by
the changing color of the test strips. The
measurement range of hydrogen peroxide was
0.5-25 mg/1.

Evaluation of cytotoxicity of Mycoplasma
pneumoniae in cell culture. The human lung
carcinoma cell line A549 was used as an in
vitro model. Source: American Type Culture
Collection ATCC (CCL-185). Cells were seeded
in 24-spot plates at a concentration of 5 x 105
cells per spot and incubated for 24 hours at
37 °C in a humidified atmosphere with 5 %
CO; to achieve 100% confluency. To assess
cytotoxicity of the clinical isolates and Myco-
plasma pneumoniae reference strain, the con-
fluent A549 cells were infected with Myco-
plasma pneumoniae suspensions conforming to
MacFarland standard 2 U. In 24, 48 and 72
hours, the cytotoxicity under the action of My-
coplasma pneumoniae was evaluated in a try-
pan blue test. The cytotoxicity test was per-
formed in triplets to assess the reproducibility
of the test results.

Results and discussion

In the course of the genetic analysis of
the structure of the G3P oxidase gene frag-
ment corresponding to the FAD binding do-
main, synonymous and non-synonymous
nucleotide substitutions were identified in
the 54 clinical isolates of Mycoplasma pneu-
moniae (see Table 1).

The obtained data corresponded to the
results of direct DNA sequencing of the path-
ogen when isolated directly from the biologi-
cal material avoiding the stage of in vitro cul-
tivation, which makes it possible to exclude
the influence of the cultivation process on the
probability of the formation of identified nu-
cleotide substitutions in the Mycoplasma
pneumoniae G3P oxidase.
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Table 1 — Genetic analysis of the Mycoplasma pneumoniae G3P oxidase gene sequence

Position in Gene MPNO51 . .
Sample No. (NC_000912.1, region 63494...64648) Change in the Hydrogen peroxide
99 152 163 181 391 232 polypeptide chain production(mg/1)

3 - A>T - - T—C - HisS1Leu 5

17 A—-G - - - - A—-G - 10

26,33 - A—-T - - - - His51Leu 5

29, 46, 50 - - G—C - - - Asp55His 25

35 A—-G - - - - — - 10

39 - - - T—G - - Leu61Val 10

41 A-G | - | G=C - - - AspSSHis 25

In the reference strain and in the clinical isolates of Mycoplasma pneumoniae 1-2, 4-16, 18-25, 27, 28, 30-32, 34, 36-
38, 40, 42-54, no nucleotide substitutions were identified in the tested fragment of G3P oxidase gene

Table 1 suggests that for Mycoplasma
pneumoniae isolates with synonymous nucle-
otide substitutions A99G, T391C and A432G
and non-synonymous nucleotide substitution
T181G, the level of hydrogen peroxide pro-
duction was 10 mg/l, which corresponded to
the value of this indicator for Mycoplasma
pneumoniae isolates, which did not show any
nucleotide substitutions, including the refer-
ence strain of Mycoplasma pneumonia. In
turn, two non-synonymous substitutions:
A152T (HisS1lLeu) and G163C (Asp5S5His),
identified in the G3P oxidase gene of the clin-
ical isolates of Mycoplasma pneumoniae, were
associated with low (5 mg/l) and high (25
mg/1) levels of hydrogen peroxide production,
respectively.

The amino acid substitutions HisS1Leu
and Asp55His may be significant for the real-
ization of the pathogenic potential of the My-
coplasma pneumoniae isolates associated
with the production of hydrogen peroxide.

Hydrogen peroxide is formed as a result
of the reaction catalyzed by G3P oxidase:

O: + phosphate-C1H,-C2H(OH)-
C3H;(OH)—phosphate-C1H,-C2(0O)-
C3H>(OH)+H,0,

His in position 51 of the G3P oxidase
polypeptide chain is essential for the for-
mation of hydrogen peroxide: the proton atom
from the C2 substrate atom (glycerol-3-
phosphate) is transferred to the nitrogen atom
of the histidine imidazole ring, then to the N5
FAD atom and then to the final acceptor, i.e.
molecular oxygen, resulting in the formation of
hydrogen peroxide [8]. HisS1Leu replacement
can slow down or even interrupt the reaction of
hydrogen peroxide formation, since Leu does
not contain a nitrogen atom capable of accept-
ing a proton. The clinical isolates of Mycoplas-
ma pneumoniae with the nucleotide substitu-
tion A152T, leading to the replacement of
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His51Leu, were characterized by low pathogen-
ic properties, resulting in the decreased pro-
duction of hydrogen peroxide: 5 mg/l com-
pared to the test findings of the evaluation of
the production of hydrogen peroxide with the
help of the isolates of Mycoplasma pneumoniae
without nucleotide substitutions (10 mg/1).

The high level of hydrogen peroxide pro-
duction (25 mg/l) revealed in 4 isolates of
Mycoplasma pneumoniae with G163C substi-
tution (AspS55His) may be due to the fact that
His55 appearing near His51 as a result of
substitution takes on the function of an addi-
tional proton transporter to form the hydro-
gen peroxide molecule. Increased production
of hydrogen peroxide by the isolates of Myco-
plasma pneumoniae with the G163C
(AspS5SHis) substitution can be considered as
enhanced pathogenic properties of the micro-
organism as a result of the appearance of
nucleotide substitution.

The metabolism of Mycoplasma pneu-
moniae glycerol leads to the production of
hydrogen peroxide - one of the main factors
of the pathogenicity of the microorganism,
which has a cytotoxic effect on the cells of
the respiratory epithelium.

To assess the cytotoxicity of Mycoplasma
pneumoniae clinical isolates, A549 cells were
infected with Mycoplasma pneumoniae cul-
tures. Cell line A549 has all the characteris-
tic features of type 2 alveolar cells and is
widely used to evaluate the effect of various
infectious agents on the respiratory epitheli-
um [10]. The infection of the A549 cells with
Mycoplasma pneumoniae was confirmed in
24, 48 and 72 hours by the PCR detection of
the microorganism’s DNA, no DNA of Myco-
plasma pneumoniae being detected in the
control cells. The revealed signs of the cyto-
pathic effect of Mycoplasma pneumoniae on
A549 cells included breaks in cell monolay-
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ers, cell rounding, an increased size of the

nuclei and vacuolization of the cytoplasm.
The clinical isolates of Mycoplasma

pneumoniae producing hydrogen peroxide
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along with the reference strain of Mycoplas-
ma pneumoniae (10 mg/l) caused almost
complete lysis of AS49 cells by the third day
of infection (85% cytotoxicity, see Table 2).

Table 2 — Cytotoxicity (%) of Mycoplasma pneumoniae with different levels of hydrogen peroxide

production, Me [Qa2s; Q73]

. . Production of hydrogen peroxide by Mycoplasma pneumoniae (mg/1)
Incubation time
5 10 25
24 hrs 20* [18.5;26] 37 [30.25;45] 51* [48.5;54.75]
48 hrs 31* [27;32.5] 53 [37.75;62.25] 84* [77.75;88.75]
72 hrs 68* [67;71] 85 [76.5;90.5] 96* [92.25;97.5]

Note: * — differences are relevant with a significance level of p < 0.05

The isolates of Mycoplasma pneumoniae
producing hydrogen peroxide at a concentra-
tion of 5 mg/1 were characterized by signifi-
cantly reduced cytotoxicity (Table 2) com-
pared to the isolates producing hydrogen
peroxide at a concentration of 10 mg/],
which was reflected in the presence of a larg-
er number of viable cells in each time period.
All the Mycoplasma pneumoniae isolates
producing hydrogen peroxide at a concentra-
tion of 5 mg/l were carriers of the A152T nu-
cleotide substitution, as a result of which
His51, which is significant for the activity of the
G3P oxidase enzyme, was substituted by Leu.
The Mycoplasma pneumoniae isolates with this
nucleotide substitution produced less hydrogen
peroxide than the Mycoplasma pneumoniae
isolates, the G3P oxidase gene of which was
free of A152T nucleotide substitution, and
showed reduced cytotoxicity with respect to
respiratory epithelial cells. The isolates of My-
coplasma pneumonia producing hydrogen per-
oxide at a concentration of 25 mg/1 and carry-
ing the G163C substitution (Asp55His) showed
the highest cytotoxicity: A549 cells were almost
completely lysed 48 hours after their infection
with Mycoplasma pneumoniae.

Conclusion

The activity of Mycoplasma pneumoniae
G3P oxidase determines the manifestation of
the pathogenic properties of Mycoplasma
pneumoniae due to the production of hydro-
gen peroxide within the course of the enzyme
action, hydrogen peroxide having a destruc-
tive effect on the respiratory epithelium cells.
In the G3P oxidase gene of the Mycoplasma
pneumoniae isolates obtained from the bio-
logical material of patients with bronchitis
and pneumonia of mycoplasma etiology,
A152T (HisS51Leu) and G163C (AspS5SHis)
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substitutions were identified. Their presence
was accompanied by the variability of enzyme
activity expressed in hydrogen peroxide pro-
duction in different concentrations as com-
pared to the reference strain of Mycoplasma
pneumoniae, Mycoplasma pneumoniae clini-
cal isolates without nucleotide substitutions
and Mycoplasma pneumoniae clinical iso-
lates, in which other nucleotide substitutions
were detected in the G3P oxidase gene.

The isolates of Mycoplasma pneumoniae
carrying the A152T substitution (HisS1Leu)
produced hydrogen peroxide significantly be-
low the level of production by the reference
strain and showed reduced cytotoxicity in
relation to the respiratory epithelial cells,
while the Mycoplasma pneumoniae isolates
bearing the G163C (AspSS5His) were charac-
terized by enhanced pathogenic properties,
which manifested itself in increased hydro-
gen peroxide production and more clearly
marked cytotoxicity in relation to respiratory
epithelial cells. In this study, 3 out of 4 iso-
lates of Mycoplasma pneumoniae with G163C
substitution (AspS5His) were isolated from
the clinical material of patients with mixed
chlamydial-mycoplasma infection. It can be
assumed that these isolates of Mycoplasma
pneumoniae with enhanced pathogenic prop-
erties may cause the development of more
severe forms of mycoplasma infection associ-
ated with infection by other microorganisms.
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