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Mycoplasma

 

 

 

gallisepticum

 

 is a widespread agent
causing poultry respiratory mycoplasmoses, which are
transmitted both horizontally and vertically. Infection
with this mycoplasma causes pathology and death of
chick embryos, and contamination of the viral vaccines
using them [1]. Control and suppression of infections
caused by 

 

M

 

. 

 

gallisepticum

 

 is a serious problem; to
solve it, research into mycoplasma molecular and cell
biology is required to understand their pathogenicity
and adaptation to biotic and abiotic stressors.

We have demonstrated that the adaptation of an
“ubiquitous” mycoplasma 

 

Acholeplasma

 

 

 

laidlawii

 

, to
unfavorable growth conditions involves nanotransfor-
mation, i.e., transformation of the vegetative cells to
ultramicroforms (nanoforms, NF) [2]. Vegetative forms
(VF) and NF of 

 

A

 

. 

 

laidlawii

 

 exhibit significant differ-
ences in morphology, ultrastructure, genome expres-
sion, and pathogenicity [3]. Changes in cell size, mor-
phology, ultrastructure, and virulence in asporogenic
bacteria caused by unfavorable growth conditions have
been described in a number of publications [4]. These
processes in 

 

M

 

. 

 

gallisepticum

 

, however, have not been
studied.

The goal of the present work was comparative anal-
ysis of morphology, ultrastructure, and capacity for
induction of genome damage in 

 

M

 

. 

 

gallisepticum

 

 cells
grown in a complete nutrient medium and under unfa-
vorable growth conditions (substrate limitation).

MATERIALS AND METHODS

The strain 

 

Mycoplasma

 

 

 

gallisepticum

 

 S6 was
obtained from the collection of the Gamaleya Research
Institute of Epidemiology and Microbiology; the tester
strain 

 

Escherichia

 

 

 

coli

 

 PQ37, in which expression of the

 

β

 

-galactosidase gene is controlled by the SOS operon
promoter, was obtained from the collection of Vavilov
Institute of General Genetics, Russian Academy of Sci-
ences.

The mycoplasma cells were grown for 48 h in a liq-
uid modified Edward medium. The complete medium
contained the following (%): tryptose, 2; NaCl, 0.5;
KCl, 0.13; Tris, 0.3; horse blood serum, 10; yeast
extract, 5; glucose, 1; penicillin, 1000 U/ml; and phenol
red, 0.3 ml of 1% solution [5]. Glucose, yeast extract,
and serum were excluded from the starvation variant. In
order to obtain an 

 

M

 

. 

 

gallisepticum

 

 S6 culture adapted to
unfavorable growth conditions, the procedure for
induction of an nonculturable state in 

 

Salmonella

 

 

 

typh-
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Abstract

 

—Adaptation of 

 

Mycoplasma gallisepticum

 

 to unfavorable growth conditions results in altered mor-
phological and physiological characteristics of the cells. 

 

M. gallisepticum

 

 populations in a complete nutrient
medium contain pear-shaped vegetative cells (

 

d

 

 ~ 0.3 

 

µ

 

m; 

 

l 

 

~ 0.8 

 

µ

 

m) with pronounced polar and cytoskeleton-
like structures. Such mycoplasma cells are able to induce damage in a bacterial genome, causing an SOS
response of the test strain (

 

Escherichia coli

 

 PQ37). In a starvation medium,

 

 M. gallisepticum

 

 produces nano-
forms, small coccoid cells (

 

d

 

 ~ 0.15–0.2 

 

µ

 

m) without either polar or cytoskeleton-like structures. Unlike vege-
tative cells, nanoforms do not induce genome damage. Alleviation of unfavorable growth conditions results in
a reversion of nanoforms to vegetative cells.
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imurium

 

 (prolonged cultivation on a substrate-limited
medium) [6] was modified for mycoplasma cultivation
[5]. To adapt 

 

M

 

. 

 

gallisepticum

 

 to unfavorable growth
conditions, the cells were harvested at the logarithmic
growth stage (20 h at 

 

37°

 

C), stored for 2 h at 

 

8°

 

C, col-
lected by centrifugation (

 

4500 

 

g

 

, 8°

 

C

 

, 20

 

 min), resus-
pended in four volumes of a starvation medium, and
stored at 

 

30°

 

C for 4.5 months. For comparative analysis
of morphology, ultrastructure, and genotoxic proper-
ties, 

 

M

 

. 

 

gallisepticum

 

 cells were grown for three days in
a complete Edward medium (VF) and for 4.5 months
under substrate limitation (NF).

Electron microscopy of in vitro grown mycoplas-
mas was carried out on a Hitach-110 electron micro-
scope (Japan). Ultrathin sections were obtained on an
LKB-III microtome (Sweden). The material was fixed
for 12 h with glutaraldehyde (2.5%) in phosphate buffer
(0.1 M, pH 7.2). After dehydration in acetone, the mate-
rial was treated with 1% OsO

 

4

 

 solution in the same
buffer supplemented with sucrose (34 g/l).

Cell suspensions were centrifuged for 20 min at
7000 and 12000 

 

g

 

 (VF and NF, respectively). The
supernatant was collected, and the pellet was resus-
pended in 1 ml of the medium. Each sample was tested
using the standard SOS chromotest [7].

Experiments for determination of the toxic and
genotoxic effects of 

 

M

 

. 

 

gallisepticum

 

 cells and culture
liquid were carried out according to Quillardet [7]
using methodical recommendations of [8]. The toxic
effect of VF and NF samples, as well as of their culture
liquid was determined by expression of the constitutive
alkaline phosphatase; the SOS response was measured
by activity of the inducible 

 

β

 

-galactosidase considering
the sample toxicity [8]. The dose-dependent increase of
the calculated value of induction factor (IF, the ratio of

 

β

 

-galactosidase and alkaline phosphatase activities in
the experimental and control variants) was used as an

indicator of SOS response. The values of IF 

 

≥

 

 2

 

 indicate
genotoxic effects [9]. The standard mutagen (ethyl-
methane sulfonate, 50 

 

µ

 

g/ml) was used as a positive
control.

The standard statistical programs from the
Microsoft Excel software package were used for data
treatment.

RESULTS

In a complete Edward medium, 

 

M. gallisepticum

 

cells are pear-shaped, vegetative cells (

 

d

 

 ~ 0.3 

 

µ

 

m;

 

l

 

 ~ 0.8 

 

µ

 

m) with pronounced polar and cytoskeleton-
like structures (Fig. a). Under unfavorable growth con-
ditions with substrate limitation, 

 

M. gallisepticum

 

forms NF. These have a small size (

 

d

 

 ~ 0.15–0.2 

 

µ

 

m), a
coccoid shape, a condensed nucleoid, and an electron-
dense membrane structure (figure, b). When unfavor-
able conditions are alleviated (in a complete Edward
medium), NF undergo reversion and transform into

 

M. gallisepticum

 

 VF.
Comparison of the toxic and genotoxic characteris-

tics of VF and NF cells is presented in the table. Since
no reliable changes were detected in the phosphatase
activity of the 

 

E. coli

 

 tester strain treated with 

 

M. gal-
lisepticum

 

 VF or their culture liquid (as compared to
the mycoplasma-free control), toxic metabolites were
not accumulated in the mycoplasma VF cells. Activity
of 

 

β

 

-galactosidase in 

 

E

 

. 

 

coli

 

 cells treated with VF cells
and their culture liquid were significantly higher than in
the control; this result indicated expression of the SOS
operon genes (table). For these samples, the values of
induction factor of 

 

E

 

. 

 

coli

 

 PQ37 SOS response were
19.54 and 7.8, significantly higher than the IF value of
the standard supermutagen (3.07).

Both NF and their culture liquid did not affect the
activity of alkaline phosphatase and 

 

β

 

-galactosidase in
the tester strain. The calculated IF values (0.9 and 0.71)
were beyond the range of SOS response induction
(table).

Our results demonstrate that the 

 

M

 

. 

 

gallisepticum

 

 VF
and NF cells differ significantly in morphology, ultra-
structure, and genotoxic characteristics. VF and their
culture liquid induce an SOS response in the tester
strain 

 

E

 

. 

 

coli

 

 PQ37. NF and their culture liquid do not
exhibit these genotoxic effects.

DISCUSSION

We found that, similar to 

 

Acholeplasma laidlawii,
M. gallisepticum

 

 cells are capable of nanotransforma-
tion, i.e., under unfavorable growth conditions they
form NF, differing from VF in their morphology and
ultrastructure (with smaller size, condensed nucleoid
and membranes, and deprived of the polar and cytosk-
eleton-like structures).

Such changes of cell morphology and ultrastructure
are known to involve significant changes in the genome
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T

B
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Transmission electron micrographs of 

 

M. gallisepticum

 

cells formed on complete Edward medium (a) and under
substrate limitation (b): T, tubulin-like structures; B, termi-
nal structures; M, cell membrane.
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expression [4]. Our results on comparative proteome
analysis of NF and VF indeed indicate significant dif-
ferences in the expression of 

 

M. gallisepticum

 

 genome
in the course of nanotransformation, including dissoci-
ation of the cell population into sublines carrying iso-
forms of the proteins controlling the key reactions of
bacterial cells (signaling, energy production, transla-
tion, transcription, replication, and adhesion) [10].

Significant changes in the expression of the bacte-
rial genome may result in significant changes of their
metabolism and virulence [11, 12]. In asporogenic bac-
teria, reorganization of the genome expression under
unfavorable growth conditions was shown to result in
transition to a dormant (hypometabolic) state with
attenuated virulence [13, 14]. Our work included, apart
from analysis of morphology and ultrastructure, com-
parative investigation of the genotoxic characteristics
of 

 

M. gallisepticum

 

 VF and NF formed under favorable
(in a complete Edward medium) and unfavorable con-
ditions (substrate limitation). The standard SOS chro-
motest permits detection of multiple genomic damage
resulting in formation of single-strand DNA and there-
fore in the switching on of the SOS operon genes [7].
Our results indicate the absence of toxic effects of the
investigated samples against the tester bacteria. A sig-
nificant increase of the values of 

 

β

 

-galactosidase activ-
ity in 

 

E

 

. 

 

coli

 

 PQ37 cells treated with VF and their cul-
ture liquid (but not NF and their cultural liquid) com-
pared to control confirms the mutagenic potential in VF
and its absence in NF. Since the genotoxic effects
against 

 

E

 

. 

 

coli

 

 PQ37 were observed both for VF and for
their culture liquid, genotoxic metabolites are possibly
secreted into the medium; changes of some compo-
nents of the medium caused by the metabolites secreted
by 

 

M

 

. gallisepticum vegetative cells is another possible
explanation. The genotoxic metabolites of VF probably
interact closely with the mycoplasma surface structures
and gradually penetrate into the medium. This may be

the explanation of a more pronounced genotoxic effect
of VF proper (IF = 19.54) compared to their culture liq-
uid (IF = 7.8). The nature of these metabolites is highly
interesting from the point of view of the pathogenic
potential of this widespread mycoplasma against
infected host cells and microorganisms in microbio-
cenoses.

The absence of an SOS response in E. coli PQ37
tester cells treated with NF and their culture liquid is
evidence of the absence of genotoxicity in NF samples.
Thus M. gallisepticum, like some other asporogenic
bacteria, probably loses its virulence in the course of
adaptation to unfavorable growth conditions. The
molecular basis of this phenomenon is to be investi-
gated. It is evident, however, that infection of an organ-
ism with M. gallisepticum NF with attenuated genotox-
icity may present a serious danger due to NF capacity
for reversion (transition to the VF with a pronounced
mutagenic effect).

Thus, we established that adaptation of M. gallisep-
ticum to unfavorable growth conditions is accompanied
by significant changes in morphology, ultrastructure,
and genotoxicity of the mycoplasma cells. The pres-
ence of a mechanism for switching between the pro-
grams responsible for the adaptation to different condi-
tions requires a new approach to investigations of the
molecular base in the formation and evolution of the
“parasite–host” system in order to develop technolo-
gies for efficient control of mycoplasma infections and
for the safety of vaccine preparations.
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Induction of an SOS response of E. coli PQ37 tester strain treated by VF and NF of the mycoplasma M. gallisepticum and
their culture liquid

Variant Alkaline phosphatase activity, U β-galactosidase activity, U IF, U

VF  Medium for VF* 0.36 ± 0.02 0.003 ± 0.0005 1

M. gallisepticum cells 0.35 ± 0.03 0.06 ± 0.001 19.54

Culture liquid 0.43 ± 0.05 0.03 ± 0.001 7.8

NF Medium for NF 0.34 ± 0.04 0.13 ± 0.01 1

M. gallisepticum cells 0.38 ± 0.05 0.13 ± 0.02 0.9

Culture liquid 0.44 ± 0.05 0.12 ± 0.02 0.71

* Sterile medium for mycoplasma cultivation was used as control.
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RNP.2.1.1.1005, and the Federal Target Scientific and
Technological Program GK no. 02.512.11.2067.
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