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Abstract. Mycoplasmas are a unique group of prokaryotes, a characteristic feature of which is the absence of a cell
wall. The features of mycoplasmas also include a minimal set of organelles, the presence of sterols in the cytoplasmic
membrane, which microorganisms themselves cannot synthesize, the smallest known self-replicating genome structure,
as well as membrane parasitism. The growing interest in these microorganisms is due to a number of factors: the variety of
biological properties, the undoubted relevance of the pathology caused by them and many unsolved problems in the world
health system. Mycoplasmas have received the greatest importance as pathogens of urogenital and respiratory infections,
however, a wide range of virulence factors of these microorganisms, features of their interaction with the cellular and humoral
immunity of the host causes damage to other organs associated with autoimmune mechanisms and hypersensitivity of
the macroorganism. There is information about possible involvement of mycoplasmas in the process of carcinogenesis
through the release of the DnaK protein, which impairs the ability of a mycoplasma-infected cell to repair DNA damage by
reducing the activity of important cellular proteins such as p53. The ecological plasticity of mycoplasmas, a wide range
of hosts and their ubiquity, which actualizes the problem of mycoplasma infections for almost any geographical region.

Key words: Mycoplasmas; Mycoplasma pneumoniae; Mycoplasma genitalium;, Mycoplasma hominis; Ureaplasma
urealyticum; biological properties; virulence factors.
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Pestome. Mukonnaambl npeacTaBnsoT COG0M yHUKaNbHY0 rpynny NpoKapuoT, OTANYNTENbHBIM MPU3HAKOM KOTOPbIX
SIBNSETCA OTCYTCTBME KETOYHOW CTEHKM. K 0COBEHHOCTSM MUKOMNA3M OTHOCATCS TakXe MUHUMAanbHbIA Habop
OpraHoMgoB, Hanuuyne CTepPONoB B COCTaBE LMTOMNNa3mMaTnieckon MmemopaHbl, KOTOpble CamMu MUKPOOPraHU3MbI
CWHTE3MpOBaTb HE MOTYT, HAUMEHbLUWIA N3 U3BECTHBIX CaMOPenMLMPYIOLLNXCA CTPYKTYP FEHOM, a Takxe MeM-
OpaHHbIil napa3nTaM. BospacTarwwuin MHTEpeC K 3TUM MUKPOOpraHuamMam 06yCroBIieH LefbiM pSaoM hakTopoB:
pasHoobpa3snem B1MoNorMyecknx CBOMCTB, HECOMHEHHON aKTyanbHOCTHIO BbI3bIBAEMOWN UMW NATONOTMW U MHOTUMM
HEpPELLeHHbIMM 3afa4aMi B CUCTEME MUPOBOTO 34paBoOXpaHeHns. HanbonbLyto 3HaYMMOCTb MUKOMMAa3Mbl Mony-
4nnmn Kak Bo30yaMTENN yPOreHMTanbHbiX U PECMPATOPHbBIX MHAEKLMA, OAHAKO LNPOKMIA CNEKTP hakTOpOB BUPY-
NEHTHOCTW, NPUCYLLMX STUM MUKPOOPraHU3Mam, 1 0COBEHHOCTMW 1X B3aUMOAENCTBMUS C KIIETOYHbIM U FyMOpanbHbIM
WMMYHUTETOM X035I1Ha 06yCNOBAMUBAIOT NOPaXeHne ApYrux OpraHoB U CUCTEM, CBA3AHHOE C ay TOMMMYHHbIMU
MexaHu3mMamm n annepruveckoin NnepecTponkon opraHnama. focnenHne gaHHbIE roBOPSAT O BO3MOXHOM y4acTuu
MUKOMMa3M B NpoLecce kaHLeporeHesa 3a cyeT BbicBOOOXaeHus 6enka DnaK, KoTopbil HapyluaeT cnocobHOCTb
VHUUMPOBAHHOW MUKOMNMA3Moi KNeTk BoccTaHaBnMBaTh nopexaeHns JHK 3a cyeT ymMeHbLIEeHMS aKTUBHOCTH
BaXHbIX KNETOYHbIX 6ENIKOB, Takux kak pS3. Jkonornyeckas nnacTMYHOCTb MUKonasM 0bycroBnuBaeT LWMPOKIIA
Kpyr X0351€B W UX NOBCEMECTHOE pacnpoCTpaHeHue, YTo AenaeT npobnemy MMKonnasMeHHbIX MHAEKLMA KpanHe
aKkTyanbHOW npakTUyeckn Ans nboro reorpauyeckoro permoHa.

KntoueBble cnoBa: Mukonnasmel; Mycoplasma pneumoniae; Mycoplasma genitalium; Mycoplasma hominis; Ureaplasma

urealyticum; Guonornyeckne CBONCTBA, PakToPbl BUPYNEHTHOCTM.

INTRODUCTION

Mycoplasmas represent an evolutionarily distinct group
of microorganisms characterized by the absence of a rigid
cell wall. The increasing interest in this group of prokaryotes
is driven by the uniqueness of their biological properties, the
undeniable clinical significance of the diseases caused by
them, and a number of unresolved issues in global health-
care. Mycoplasmas are the smallest prokaryotes capable of
independent reproduction. They belong to the class Mollicutes
(“soft skin”) and evolved by a regressive reduction of the
genome of ancestral Gram-positive bacteria [5]. Mycoplasma
genome is the smallest among all known self-replicating
structures (450-500 mD), which makes these microorganisms
an extremely attractive and convenient model for genetic
and molecular biological research (including transcriptomic
and proteomic studies). Another interesting feature of the
mycoplasma genome is a deviation from the universal genetic
code: in these microorganisms, the TGA triplet (normally a stop
codon) codes for tryptophan. Mycoplasmas are widely distri-
buted in nature. Their large host range makes them ubiquitous
microorganisms capable of infecting various types of plants
and animals (insects, amphibians, fish, birds, and mammals),
including humans. Many species exist as saprophytes in soil
and water. In human pathology, mycoplasmas are most sig-

nificant as pathogens of infections of the urogenital tract and
respiratory system, but the spectrum of diseases associated
with them is much broader. Today, these microorganisms
are considered cofactors in numerous pathological condi-
tions and syndromes, including rheumatoid arthritis, Crohn’s
disease, and others. Mycoplasmas from various sources can
spontaneously contaminate cell cultures used in virology,
significantly complicating the production of vaccines and diag-
nostic reagents [10]. In the etiology of pneumonia, especially
among school-aged children, Mycoplasma (Mycoplasmoides)
pneumoniae often takes the leading position, accounting for
18-44% of cases during epidemics in recent years. There is no
official registration of respiratory mycoplasmosis in the Russian
Federation, but according to the World Health Organization,
in various countries, M. pneumoniae accounts for about 21%
of respiratory diseases in children aged 5 to 14. Moreover, it
has been proven that in addition to respiratory tract infections,
mycoplasmas can serve as triggers for autoimmune rheumatic
diseases and allergic disorders (bronchial asthma, Stevens—
Johnson syndrome), and, in combined infections with acute
respiratory viral infections and herpes infections, can also
be implicated in hemorrhagic vasculitis. In adults, along with
classic sexually transmitted infections (STls), there is a notably
higher prevalence of urethritis and cervicitis in certain social
groups caused by “new-generation” pathogenic microorga-
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nisms, including Mycoplasma (Mycoplasmoides) genitalium.
Most mycoplasmas, including Mycoplasma (Metamycoplas-
ma) hominis and Ureaplasma urealyticum, are not absolute
pathogens. Transmitted sexually, they can cause infectious
and inflammatory processes in the urogenital organs under
certain conditions, often in association with other pathogenic
or conditionally-pathogenic microorganisms. Consequently,
many authors describe mycoplasmas as “microorganisms in
the service of disease” and classify them as resident microor-
ganisms associated with STls [8]. Currently, the global situation
concerning mycoplasma infections affecting both the reproduc-
tive system and the respiratory system is complicated by the
emergence and spread of M. genitalium and M. pneumoniae
strains resistant to macrolides [11, 15] and fluoroquinolones [1,
27], which are widely used to treat conditions associated with
mycoplasmas. In the Russian Federation, mycoplasmas and
the infections they cause present certain challenges for clinical
diagnostic laboratories and practicing physicians— specifically,
in interpreting laboratory results and clinical manifestations,
as well as in selecting adequate treatment strategies given
growing antibiotic resistance of these pathogens.

HISTORY

The term “mycoplasma” (from the Greek uUkng, mykes —
fungus, and mAGopa, plasma — formed) was first used in 1889
to describe a modified state of plant cell cytoplasm resulting from
the penetration of fungus-like microorganisms. For a long time,
mycoplasmas could not be detected by microscopic or cultural
methods. In 1898, researchers at the Pasteur Institute isolated a
pathogenic microorganism [19], now known as Mycoplasma my-
coides (part of the pleuropneumonia-like organism group) [17, 20].
This pathogen causes pleuropneumonia in cattle, characterized
by severe lesions of the pleura and pulmonary parenchyma, with
serous inflammation of the interlobular connective tissue and
accumulation of exudate in the pleural cavity. In calves, M. my-
coides can cause arthritis; in pigs, serous-catarrhal inflammation
of the lungs and bronchi; in goats and sheep, lesions of the
joints, eyes, and mammary glands. Later, it became clear that
the pathogen passes through bacterial filters and does not grow
on simple media (it can only be cultivated on complex serum-
containing media). Today, Mycoplasma mycoides is included
on the list of highly dangerous animal pathogens and is strictly
quarantined. Next significant stage in the study of mycoplasmas
and mycoplasmosis occurred in 1910, when the morphology
of Mycoplasma mycoides was clarified [8, 22]. Nineteen years
later, in 1929, the term “mycoplasmas” was proposed to indicate
a group of certain filamentous microorganisms [8], which were
believed (at the time) to have both cellular and acellular stages in
their life cycle. This could have explained how they, while being
visible under a microscope, were at the same time able to pass

through bacterial filters. In 1937, M. hominis was isolated for the
first time from an abscess of the Bartholin’s gland [8]. A year
later, in 1938, first cases of atypical pneumonia were described
in Philadelphia; this pneumonia did not respond to sulfonamide
therapy [6]. The findings were published in the Journal of
the American Medical Association (JAMA). The disease was
observed in adults and began as a mild infection, progressing
to severe diffuse pneumonia with signs of encephalitis. The
main clinical symptoms were shortness of breath, cyanosis,
hoarseness, a non-productive cough, drowsiness, and profuse
sweating. Fever lasted on average for about three weeks, and
in most cases the disease resolved with recovery. First steps
in studying the immunology of mycoplasma infections were
taken in 1943 when a rise in antibody titers against mycoplasma
antigens was noted in the cold agglutination test among pa-
tients with symptoms of atypical pneumonia [21]. This became
the first available diagnostic test. In 1944, three strains of the
atypical pneumonia agent (“walking pneumonia”) were obtained
by infecting chicken embryos with sputum from patients. The
pathogen passed through bacterial filters and was designated
as the “Eaton agent,” considered a virus of atypical pneumonia
[18]. The mycoplasma nature of this disease in humans was
established after the etiological agent, called M. pneumoniae,
was isolated on a specialized growth medium (Hayflick medium)
[13], and its pathogenicity was confirmed by infecting volunteer
with a pure culture of the microorganism [12]. Eventually, the
ability to culture the pathogen on serum agar confirmed its
bacterial nature and simplified the development of diagnostic
preparations for serological tests [13]. In 1963, the atypical
pneumonia agent was formally classified as a mycoplasma [8].
In 1954, U. urealyticum was isolated from the urethra of a patient
with nongonococcal urethritis [8, 23], but its etiological role in
urogenital pathology was established in volunteer studies only
much later [25]. In the 1990s, genomes of several mycoplasmas
were deciphered. In 1995, shortly after Haemophilus influenzae
became the first microorganism with a fully sequenced genome,
the genome of M. genitalium (the smallest bacterial genome) was
also sequenced [9]. In 1996, the genome of M. pneumoniae was
read, and in 2001, the nucleotide sequence of the U. urealyticum
genome was determined [6]. Studying these genomes formed
the basis of modern molecular-biological diagnostic methods
for mycoplasmosis. Key historical milestones in the study of
mycoplasma infections are presented in Table 1.

TAXONOMY AND BIOLOGICAL PROPERTIES
OF MYCOPLASMAS

A phylogenetic tree constructed based on 16S rRNA
analysis allows us to explore certain aspects of the evolution
of Mollicutes. It is believed that mycoplasmas diverged from
the streptococcal branch of Gram-positive bacteria about
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Table 1
History of the study of mycoplasma infections
Tabnuua 1
WcTopusa usyyeHuss MMKonnasMeHHbIX MHGEKLUNA
ron/ CobbiTvie / Event AsTopbl / Authors
Year
1898 lMepBoe onucaHne BO3OYAMTENS aTUMNYHON NEBPOMHEBMOHNM KPYMHOMO POraToro ckota E. Nocard,
(Bnocnepctsun Mycoplasma mycoides) / E. Roux
The first description of the causative agent of atypical pleuropneumonia in cattle
(later Mycoplasma mycoides)
1910 YT0o4HEeHre Mopdonorm OnMCaHHbIX MUKPOOPraH3moB / J. Bordet
Clarification of the morphology of the described microorganisms
1929 HassaHwue «mukonnasmel» / Name "mycoplasma" J. Nowac
1937 BblineneHune Mycoplasma hominis w3 abeuecca 6onbLuoii BeCTMOYNSPHON xenesbl / Dienes
Isolation of Mycoplasma hominis from an abscess of the great vestibular gland Edsall
1938 [MepBble Cryyan aTUnUYHON MHEBMOHUM Y YernoBeka / H. Reimann
First cases of atypical pneumonia in humans
1943 BbIsiBNeHMe aHTMTEN K MUKONMa3Mam B peakuum arrnioTrHaumm / J. Peterson
Detection of antibodies to mycoplasmas in agglutination test
1944 AreHT UToHa (BO30YAMTENb aTUMNYHON NHEBMOHNM) / M. Eaton
Eaton's agent (causative agent of atypical pneumonia)
1954 Bbigenenue T-mukonnasmbl (Ureaplasma urealyticum) u3 ypeTpbl 60MbHOrO HErOHOPERHbIM YPETPUTOM / M. Shepard
Isolation of T-mycoplasmas (Ureaplasma urealyticum) from the urethra of a patient with nongonorrheal urethritis
1963 HassaHne Mycoplasma pneumoniae / Name Mycoplasma pneumoniae R.M. Chanock
1995 CekseHnpoBaHue reHoma Mycoplasma genitalium / Genome sequencing Mycoplasma genitalium
1996 CexkseHnposaHue reHoma Mycoplasma pneumoniae / Genome sequencing Mycoplasma pneumoniae
2001 CekBeHupoBaHue reHoma Ureaplasma urealyticum / Genome sequencing Ureaplasma urealyticum
Taxonomy of Mollicutes :
Phylum: Mycoplasmatota
Class: Mollicutes
Order: Mycoplagmoidales Mycoplasmatales Acholeplasmatales
Family: Mycoplasmoid: Metamycoplasmataceae Mycoplaslmataceae Spiroplasmataceac  Acholeplasmataceae
Genus: Mycoplasma Acholeplasma
‘ — www.vetbact.org .
BY-NC-ND 4.0
Fig. 1. Modern classification of mycoplasmas (the source: http://www.vetbact.org/displayextinfo/136)

Puc. 1.

CoBpeMeHHas knaccudmkauusa Mukonnasm (uctouHuk: http:/lwww.vetbact.org/displayextinfo/136)
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Fig2.  Morphology of mycoplasmas (Katola V.M., 2018). Scanning electron microscopy: 1 — rat bronchopneumonia mycoplasma growing
in a nutrient solution (micrograph by E. Kleinberger-Nobel, 1955); 2 — M. mycoides (according to Brock, 1970, x20 000); 3-4 —
mycoplasmas inside and on the surface of Penicillium canescens spores (drawing V.M. Katola, x10 000); 5-6 — elementary bodies of
L-form bacteria and filamentous forms in the blood plasma of a patient with progressive fibrous-cavernous pulmonary tuberculosis
(x1200 and 1300, respectively)

Puc. 2. Mopdonorua mukonnasm (Katona B.M., 2018). Ckanupytowas aneKTpoHHasa MMKpockonus: 1 — pacTylume B nMTaTeNlbHOM PacTBo-
pe MuKkonnasmbl 6poHXONHEBMOHMM Kpbic (MukpodoTorpadma E. Kneiinbeprep-Hobensb, 1955); 2 — M. mycoides (no Bpoky, 1970,
%20 000); 3-4 — mukonna3mbl BHYTPU 1 Ha noBepxHocTu cnop Penicillium canescens (pucynok B.M. Katonel, x10 000); 5-6 — ane-
MeHTapHble Tenbua L-opm 6akTepuin n HUTeBMAHLIE (hOPMBI B Na3Me KpoBM 6onbHOro nporpeccupyowmm hubposHo-kasep-
HO3HbIM Ty6epkynesom nerkux (1200 u 1300 cooTBETCTBEHHO)
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65 million years ago through divergent evolution associated
with a parasitic lifestyle. Mycoplasmas are classified under the
phylum Mycoplasmatota (Fig. 1). This phylum is represented
by a single class, Mollicutes, which includes three orders:
Mycoplasmatales, Mycoplasmoidales, and Acholeplasmatales.
Within the order Mycoplasmoidales is the family Mycoplasmoi-
daceae, which contains the genera Mycoplasmoides (species
M. pneumoniae, M. genitalium) and Ureaplasma (species
U. urealyticum, U. parvum). The order Mycoplasmoidales also
includes the family Metamycoplasmataceae, which include
the genus Metamycoplasma (species M. hominis). These
microorganisms are of primary medical importance, although
more than 255 species of mycoplasmas and 11 species of
ureaplasmas have been described to date. Accordingly, under
the current classification, mycoplasmas and ureaplasmas
belong to different orders and different families.

Morphological Properties

A unique morphological feature that distinguishes myco-
plasmas from other prokaryotes is the absence of a rigid cell
wall [7]. This determines a number of their biological properties,
particularly their polymorphism (Fig. 2). Mycoplasmas exhibit
large and small spherical forms, elliptical or discoid shapes,
flask-like structures, rod-shaped or filamentous branching
forms of various lengths, and other unusual morphologies [4].
Their polymorphism is related to the lack of peptidoglycan or
any substitutes that stabilize cell shape. These bacteria are
surrounded only by a three-layer cytoplasmic membrane, which
maintains the cell’s osmotic integrity but does not provide
a fixed form. Unlike other prokaryotes, mycoplasmas have
a high sterol content (e.g., cholesterol) in their cytoplasmic
membrane, which they are unable to synthesize on their own.
These sterols provide stability, rigidity, and strength to the
membrane. Absence of peptidoglycan also determines natural
resistance to beta-lactam antibiotics. Mycoplasma pathogens
are the smallest bacteria, with sizes ranging from 0.1 to 0.6
micrometers, enabling them to pass through bacterial filters
with a pore diameter of 0.22 micrometers. Mycoplasmas have
a minimal set of organelles: only a cytoplasmic membrane,
a nucleoid, and ribosomes. They do not form spores, do not
have flagella, and some species can form a microcapsule.
When Gram-stained, they appear Gram-negative.

Despite absence of flagella, certain mycoplasmas are
capable of movement. For a long time, it was assumed that
bacteria, unlike eukaryotic cells, do not have a cytoske-
leton. However, later research revealed that cytoskeleton-
like structures form during division and growth in almost
all bacteria, including mycoplasmas. These cytoskeletal
structures can enable motility. For instance, spiroplasmas,
which have a spiral shape, can bend, crawl, and swim by
twisting like a corkscrew, but unlike spirochetes, they do not

possess endoflagella. Instead, they rely on special protein
filaments twisted into a spiral, whose secondary structure
is provided by an actin-like protein. Among mycoplasmas,
there are both motile and non-motile variants. Motile forms
move by sliding along solid surfaces. Mycoplasma (Meso-
mycoplasma) mobile is the fastest species, moving across
glass surfaces at speeds of 2.0-4.5 um per second. The
cytoskeleton of this microorganism resembles a jellyfish in
appearance.

Most mycoplasma species present a low G+C ratio in
their DNA (about 30%), with the exception of M. pneumo-
niae, which has a G+C content of 38.6-40%. U. urealyti-
cum has the lowest G+C ratio among all known bacterial
genomes (25.5%). The theoretical minimum G + C content
necessary to encode proteins with the normal set of amino
acids is about 26%; for this reason, mycoplasmas stand at
the “edge of life”.

Cultural and Biochemical Properties

Mycoplasmas are generally facultative anaerobes, except
for M. pneumoniae, which is a strict aerobe. The minimal
genetic information in mycoplasmas translates into a minimal
number of metabolic pathways, explaining their dependence
on host cells. All mycoplasmas studied to date are characte-
rized by shortened respiratory chains with flavin terminals,
excluding oxidative phosphorylation as a mechanism for ATP
generation. It is thought that non-fermenting mycoplasmas
use arginine breakdown via the arginine dihydrolase pathway
as their main source of ATP. Ureaplasmas have a unique
requirement for urea that is not observed in other living
organisms. Because they are neither glycolytic nor have
an arginine dihydrolase pathway, it was hypothesized (and
later experimentally confirmed) that ATP is generated via an
electrochemical gradient created by ammonia released during
the intracellular hydrolysis of urea by urease.

A variety of reproductive mechanisms have been de-
scribed in mycoplasmas (fragmentation, binary fission,
budding). A portion of the newly formed cells turn out to be
nonviable. As noted, mycoplasmas are the smallest known
cellular organisms—some even smaller than the theoretical
threshold for independent cell reproduction on nutrient me-
dia (0.15-0.20 pm for spherical cells and 13 um in length
and 20 nm in diameter for filamentous forms). The limited
biosynthetic capabilities of mycoplasmas determine their
extreme nutritional and cultural demands. Enriched media
containing precursors of nucleic acids, proteins, and lipids
are essential for their growth. Mycoplasmas, in particular,
are highly dependent on sterols (cholesterol and its deriva-
tives) and fatty acids, with cholesterol dominating among
membrane lipids and providing stability to the cytoplas-
mic membrane. In the infected host, mycoplasmas obtain
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Fig. 3.
Puc. 3.

o

Fig.4. Spherical colonies of M. genitalium after 10 days of
incubation.  Microphotography, magnification %100
(Ken B. Waites et al., 2023

Puc.4. Cdepuyeckme kononunm M. genitalium nocne 10 AHen

uHKyGaumuun.  MukpodoTorpadus, %100

(Ken B. Waites et al., 2023)

yBenuniyeHune

sterols from host cells, which justifies their classification as
“membrane parasites”. It has been demonstrated by confo-
cal electron microscopy that they can fuse with and invade
into host cell membranes. For cultivation, media enriched
with horse serum, yeast extract, arginine, urea, glucose,
vitamins, and amino acids are used. Mycoplasmas grow
slowly: U. urealyticum colonies appear within 24-48 hours,
while other species may take 3-5 days. The optimal tem-
perature is 37°C. To suppress contaminating flora, penicil-
lin and its analogs are used for mycoplasmas or lincomycin
for ureaplasmas. Most mycoplasmas grow well in an atmo-
sphere of 95% nitrogen and 5% carbon dioxide.

Colonies of mycoplasmas, similar to fried eggs. Microphotography, magnification x100
KonoHun mukonnasm, noxoxue Ha AMYHULY-rnasyHblo. MukpodoTorpacus, ysenuuenme x100

Because of their small size and absence of a rigid cell wall,
most mycoplasmas can penetrate the spaces between agar
fibers and multiply below the agar surface. After 18 hours, a tiny
spherical colony forms beneath the surface; by 24-48 hours
of incubation, it reaches the surface water film, creating two
zones of growth—a turbid granular center ingrown in the agar
and a flat, translucent, lacy periphery—giving colonies their
characteristic “fried egg” appearance (Fig. 3). Colonies are
small, measuring 0.1-0.3 mm for most mycoplasmas (Fig. 4),
and ureaplasma colonies are even smaller.

In semi-solid agar, colonies appear as small pinfea-
thers. In broth, mycoplasmas exhibit opalescence; in
contrast, broth cultures of ureaplasmas remain clear, and
their growth is detected by a change in the color of the
indicator.

Mycoplasmas have low biochemical activity, which va-
ries by species and strain. Currently, two groups of myco-
plasmas are distinguished:

1. Those that ferment glucose, maltose, mannose, fruc-

tose, starch, and glycogen to form acid.

2. Those that reduce tetrazolium compounds, oxidize glu-

tamate and lactate, but do not ferment carbohydrates.

Members of the genus Ureaplasma spp. exhibit high
urease activity and degrade urea, are inert to sugars, do not
reduce diazo dyes, and are catalase-negative. An important
feature of mycoplasma metabolism is the ability to produce
saturated and unsaturated fatty acids. For the differentiation
of isolated mycoplasma strains, it is extremely important
to determine a range of biochemical characteristics such
as phosphatase, proteolytic, and phospholipase activity.
In addition, tests for tetrazolium reduction and reactions
with erythrocytes are used, along with other biochemical
assays (Table 2).
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Table 2
Biochemical properties of mycoplasmas
Tabnuya 2
Broxmmuyeckue cBonMcTBa MUKONNasM
MeTabonuam / = ,\4_3 Baaumoneiicraue )
. 2 o S > | — ¢ aputpoumtamm / Interaction
Metabolism g o o £ © © !
B s€e| 85 |2 with red blood cells
napl S S =8 33
s S o0o35 [+ » O
mukonnasm / 3 :I‘) g 22 § % € 2 | Pepykuus TeTpasonuyma / S = &
Mycoplasmas | S o | s e| 2 |[EXceo| €& 2 Z Tetrazolium reduction .= B8 S ox0c @
28| =< e & °=E o5 3 IS8 SESGE
Spp. e8| £E T 2 e« S @ o =s3° s5=FL=2
c2| 22| & SE°| 52 | £8 CEB| 55228
E@lg°| 2 o = ga | = 8e| C@FEE
) $ o &L T o
= © T <
M. pneumoniae + - - - - - + + +
M. hominis - + - - - - - - -
M. genitalium + - - - - - Cnabas B aspobHbix + -
YCroBUSIX, B aHa-
9p0oBHbIX — oTCyTCTBYET /
Weak under aerobic
conditions, in anaerobic —
absent
M. fermentans + + - + + - B a3pobHbix ycnoBusix —, - B-remonu3a aputpo-
B aHa3poOHbIX + / uuToB GapaHa — /
Under aerobic conditions -, B-hemolysis of
under anaerobic + sheep erythrocytes
M. penetrans + + - - + - B a3pobHbIx ycnosusix +, + Cnabeble /
B aHa9pOBHbIX — Weak
Under aerobic conditions +,
under anaerobic conditions
Ureaplasma spp. - - + - + + - + OpuUTpoLuTbI
KponvKa +, MOpCKOiA
CBUHKM + /
Erythrocytes of a
rabbit +, guinea
pig +

Antigenic Properties

Mycoplasmas have a complex, polymorphic antigenic
structure that differs by species and is defined by a high fre-
quency of spontaneous and induced mutations. Because they
lack a cell wall, the principal antigens of these microorganisms
are found in the cytoplasmic membrane and certain surface
structures. Mycoplasmal membrane antigens are numerous
and diverse. Chemically, they include proteins, polysaccha-
rides, and lipids. The most immunogenic are surface antigens
containing carbohydrates as part of complex glycolipid,
lipoglycan, or glycoprotein complexes. Antigenic structure
may change after multiple passages in cell-free media. For
example, M. hominis contains more than nine integral mem-
brane proteins, of which only two are consistently present in

all strains. More than 16 serovariants of ureaplasmas have
been identified, differing in the antigenic structure of their
surface polypeptides. Notably, some mycoplasma species
have a polysaccharide capsule, underlining the antigenic
diversity of these microorganisms and contributing to resis-
tance against phagocytosis. Certain membrane antigens of
mycoplasmas have been studied and characterized, including
the P1 antigen of M. pneumoniae (molecular weight 168 kDa)
and Pa antigen of M. genitalium (140 kDa). These antigens in
their respective species are major immunogens. Cytoplasmic
antigens are less diverse and less immunogenic compared
to membrane antigens, exhibiting similarities across different
mycoplasma species; for that reason, they are not used for
immunoserum production or identification. Some mycoplasmal
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antigens resemble human cell and tissue components and
induce various immunomodulatory effects (superantigenicity),
which undoubtedly play a role in mycoplasma virulence and
the pathogenesis of the infections they cause.

Virulence Factors

The pathogenicity of mycoplasmas is currently a topic
of active debates in numerous publications on their viru-
lence and its contributing factors. The frequent detection of
M. hominis and U. urealyticum in asymptomatic individuals
complicates the question of their etiological and pathoge-
netic role. M. pneumoniae and M. genitalium are uncondi-
tionally accepted as pathogenic, whereas M. hominis and
U. urealyticum are considered conditionally-pathogenic and
can cause infection under certain conditions. Most of the re-
maining mycoplasma species likely exist as harmless com-
mensals of mucous membranes. At the same time, there is
evidence that mycoplasmas release the DnaK protein, one
of the chaperone family proteins [28]. This protein impairs
an infected cell’s ability to repair DNA damage by reducing
the activity of key cellular proteins (e.g., p53) that are in-
volved in DNA repair and tumor suppression, as a result
increasing the risk of cancer. Additionally, DnaK may enter
neighboring uninfected cells. By suppressing p53, DnaK
can also reduce the efficacy of anticancer drugs [28], high-
lighting the complex and ambiguous nature of host-myco-
plasma interactions and the importance of further research.

Mycoplasmas are membrane parasites. Their key
virulence factor is the ability to attach to host cells. Some
species possess specialized organelles in which adhesin
proteins, necessary for cell binding, are structurally and
functionally co-localized. In other species, specialized or-
ganelles are absent, and the function of adhesins is per-
formed by any areas of the cell surface containing the cor-
responding proteins. For example, in M. pneumoniae and
M. genitalium, P1 and P140 proteins, respectively, perform
this function. Within 24 hours of infection, M. pneumoniae
begins to adhere to the respiratory epithelium. This mecha-
nism protects the microorganism from mucociliary clea-
rance and is considered the onset of disease. Mycoplasma
has an “attachment organelle” that not only binds tightly to
the host cell but also enables gliding motility. By penetra-
ting between the cilia, it induces desquamation of epithelial
cells. Recently, the unique gliding mechanism of mycoplas-
mas and the structure of the “attachment organelle” have
been described. This organelle is a membrane protrusion at
the anterior pole of the cell composed of 15 proteins, with
the P1 adhesin (168 kDa) on the surface.

The gliding speed of Mycoplasma averages 0.2-
0.5 um/s but can reach 1.5-2 um/s, meaning the micro-
organism traverses the length of a cell within one second.

Certain mycoplasma adhesins are heterogeneous in struc-
ture and function. For instance, based on some properties
of the P1 protein, mycoplasmas are subdivided into eight
groups, which may underlie variations in strain pathogeni-
city. In addition to these proteins, other molecules such as
P32, HMW1, HMW2, and HMW3 (in M. genitalium), lipopro-
teins P120, P50, and P60 (in M. hominis), and the MVA pro-
tein (in U. urealyticum) have been described. Mycoplasma
adhesins are rich in proline, which increases cell binding,
and function as immunogens. Mycoplasmas interact with
multiple receptor types on the host cell: sialylated oligosac-
charides, with which they have high affinity (abundant on
epithelial cells), non-sialylated glycoproteins, and sulfated
glycolipids. A very important and interesting feature of my-
coplasmas is their ability to cause hemolysis when adsorbed
onto erythrocytes, likely via hydrogen peroxide release (with
the possible exception of ureaplasmas). M. pneumoniae ex-
hibits the highest hemolytic activity. In most other pathogenic
bacteria, hemolysins are protein or lipid in nature. This un-
derscores the uniqueness of mycoplasmas and their signifi-
cant adaptive capacity, despite their limited genome.
Penetration and adhesion are undoubtedly fundamental
steps in the infectious process, as they control the further
development of disease. However, just high adhesive capa-
bility alone would not allow mycoplasmas to overcome the
cellular-tissue barrier and immune defenses. Some myco-
plasma species can produce invasive enzymes that destroy
cells. For instance, mycoplasmas produce neuraminidase,
which affects cellular receptors and intercellular contacts.
Various proteases induce cell degranulation and degrade
essential amino acids (e.g., arginine), potentially leading
to apoptosis. Of particular note are IgA proteases, which
degrade IgA and deprive it of its protective function. Among
virulence enzymes, phospholipase A and aminopeptidases
are especially significant for their ability to hydrolyze phos-
pholipids of cell membranes, including those of the placenta
and fetus (M. hominis and U. urealyticum). Other enzymes
include RNases [3], DNases, and thymidine kinases that
disrupt nucleic acid metabolism in host cells. Nucleic acid
destruction leads to genome instability. DNases of U. urea-
Iyticum degrade sperm DNA; the P40 endonuclease of My-
coplasma (Malacoplasma) penetrans induces apoptosis in
human peripheral blood lymphocytes and monocytes. It has
been suggested that the pathogenesis of mycoplasmoses
is associated with impaired transcription in host cells due
to mycoplasmal RNA polymerases. Besides enzymes, my-
coplasmas can produce metabolites with cytotoxic effects,
such as ammonia and acidic byproducts, which raise pH
and destroy infected cells. As mentioned earlier, hydro-
gen peroxide and superoxide anion generation leads to
red blood cell hemolysis. There is an opinion that some
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mycoplasmas can invade host cells, though the mecha-
nisms are not fully understood. It is assumed that myco-
plasmas may fuse with the cell membrane and penetrate
the perinuclear region. Such mycoplasmas are called “fu-
sogenic” — for example, Mycoplasma (Mycoplasmopsis)
fermentans, which can reorganize the host cell cytoske-
leton. It is now known that mycoplasmas possess protein
substances (referred to in the literature as “mycoplasma
endotoxins”) that damage the ciliated epithelium of the res-
piratory tract and inactivate neutrophils. Such substances
have been described in M. pneumoniae and M. fermen-
tans. Over the past decade, research into the pathogeni-
city of M. pneumoniae has led to the discovery of a unique
mycoplasmal CARDS toxin (Community Acquired Respira-
tory Distress Syndrome toxin) that causes vacuolization

of bronchial epithelial cells and reduces ciliary motility.
CARDS toxin directly damages the respiratory epithe-
lial cells, causing extensive peribronchial and perivas-
cular inflammation. A direct correlation has been found
between the amount of CARDS toxin secreted by M.
pneumoniae and the severity of lung tissue damage [2].
Interestingly, CARDS toxin shares similarities with Borde-
tella pertussis exotoxin [16, 24]. The cytotoxic effects of
CARDS toxin manifest in catarrhal symptoms observed
in acute respiratory viral infections. There have been re-
ports of fulminant mycoplasma infection with severe res-
piratory failure and acute respiratory distress syndrome
(ARDS) in very young children [2] and elderly patients,
presumably associated with the action of CARDS toxin [2,
26]. Experiments have shown that recombinant CARDS

Table 3

Mycoplasma virulence factors

Tabnuua 3

q)aKTOpr BUPYNEHTHOCTU MUKOMJ1a3M

dakTopb! BUpyneHTHocTu / Virulence factors

Boi3biBaemblit achdpekT / Effect caused

AgpreauHbl (P11 gp.) / Adhesins (P1, etc.)

MpukpenneHue k knetkam / Attachment to cells
Mem6paHHbIiA napaautuam / Membrane parasitism

Heipamuhuaasa / Neuraminidase

[lelicTBUE Ha peLLenTopbI KNETOK U MEXKNETOYHbIE KOHTaKTbI /

Effect on cell receptors and intercellular contacts

®doconunasa A / Phospholipase A

PaspyweHnue membpan knetok / Destruction of cell membranes

IgA-npoteasa / IgA-protease

Pacwennenue IgA, CHWXeHre 3aLwmuTHON yHKLMN /
IgA breakdown, decreased protective function

Mpoteassbl / Protease

[lerpaHynsiuus KneTok, pactyenseHne HeaamMmeHMbIX aMUHOKUCTOT /

Cell degranulation, breakdown of essential amino acids

[HK-a3a / DNAase [lectabunnsaums kneToyHoro reHoma, paspyLierne JHK cnepmatosonaos,
WHAYKUMS anonTosa /
Destabilization of the cellular genome, destruction of sperm DNA,
induction of apoptosis
PHK-a3a / RNAase HapyLueHue npoLeccoB TpaHCKpUNLMy B KneTkax /

Disruption of transcription processes in cells

TokcuyHble MeTabonuTbl (aMmnak, Kuenotbl)/
Toxic metabolites (ammonia, acids)

MoBbiweHve pH, fecTpykums KneTok /
Increased pH, cell destruction

leMonmanHbl (Mepekucb BOAOPOAA,
CYyNepoKCHAHbIE aHUOHBI) /
Hemolysins (hydrogen peroxide, superoxide anions)

l'emonu3 apuTpoynToB /
Hemolysis of red blood cells

BenkoBble cybcTaHLUun («3HOOTOKCUHbIY MUKONNaam) /
Protein substances (“endotoxins” of mycoplasmas)

MoBpexaeHne pecHYeK anNUTenins, Ae3aKTuBaLns HenTpoduos /

Damage to epithelial cilia, deactivation of neutrophils

AHTUreHHas mumukpms / Antigenic mimicry

MepcucTeHLKs B OpraHuame, ayTouMMyHHble NPOLeceh! /

Persistence in the body, autoimmune processes

CynepaHture / Superantigen

/IMMYyHHbIE NOBPEXAEHNS KNETOK 1 TKaHEe! LIMTOKMHaMu /

Immune damage to cells and tissues by cytokines

Ok3oTokcuH CARDS-TokcuH (community acquired
respiratory distress syndrome toxin) /
Exotoxin (CARDS-toxin)

LiuToTokCHuyeckoe AenCTBIE Ha 3NUTENNIA pECNNPaTOPHOTo TpakTa, anneprusauus /
Cytotoxic effect on the epithelium of the respiratory tract, allergization

& RUSSIAN BIOMEDICAL RESEARCH

VOL8 N4 2023

ISSN 2658-6584




JERIN

113

toxin can induce a potent allergic inflammation in the lungs
and hyperproduction of cytokines, suggesting a possible
role for M. pneumoniae in the pathogenesis of bronchial
asthma [2, 14]. Mycoplasmas can persist for long periods
inside phagocytes (leukocytes, macrophages), thanks to
the presence in some strains of a microcapsule as well
as antigens that cross-react with human tissue antigens
(“antigenic mimicry”). Some mycoplasmas (Mycoplasma
(Metamycoplasma) arthritidis) produce superantigens that
trigger nonspecific polyclonal lymphocyte proliferation
and a massive cytokine release (interleukins 6, 8, and 12,
tumor necrosis factor, etc.), leading to toxic shock, joint
damage, necrosis, and secondary immunodeficiency. Nu-
merous mycoplasma virulence factors are listed in Table 3.

CONCLUSION

Mycoplasmology is reasonably recognized as a dis-
tinct branch of medical microbiology with its own research
strategies and diverse investigative methods at the core of
laboratory diagnosis of mycoplasma infections. Undoub-
tedly, urogenital and respiratory mycoplasmas have the
most clearly established clinical associations, yet the com-
plexity and ambiguity of mycoplasma-host cell interactions
suggest their potential role in many other diseases, inclu-
ding serious systemic pathologies. The unique morphology
of these bacteria, along with their wide range of virulence
factors, underlies their ecological plasticity, their capacity to
cause mixed infections with other bacteria and viruses, the
development of antibiotic-resistant strains, and the possibi-
lity of acting as a trigger in the development of immunopa-
thology and oncological diseases.

Thus, continued study of the biological properties of my-
coplasmas, their metabolic features, and their interactions
with the host organism will not only improve methods for
laboratory diagnosis of mycoplasma infections but also elu-
cidate subtle mechanisms in the pathogenesis of numerous
diseases of high clinical relevance.
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AONONMHUTENBbHAA UHOOPMALINA

Bknag aBTOpoB. Bce aBTOPbI BHECIN CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLEeNnuuu, npoBeAeHue uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0f406pUNN UHANBHYHO
Bepcuto nepep nybnukauyuen.

KoHhnukT mHTepecoB. ABTOPbI AeKnapupytoT OTCyT-
CTBME SBHbIX W MOTEHUWANbHbIX KOH(IIMKTOB WHTEPECOB,
CBSI3aHHbIX C NybnnkaLnen HacTosLLen cTaTbi.

WUcToununk ¢hmHaHcupoBaHuA. ABTOpbI 3asBnAT 06
OTCYTCTBUW BHELIHEro (hMHAHCUMPOBaHWUS NP NPOBEAEHUM
“ccnegoBaHus.
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