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Survival and development of an organism depends
on its adaptation to a constantly changing environ�
ment. In microorganisms, potency for adaptation is
provided by their intrapopulation variability, which is
the result of reversible intragenomic rearrangements
and is observed as phase variation and replacement of
the dominant genotype with the minor ones [1–3].
This mechanism of adaptation, by means of alteration
of the population phase variation spectrum, providing
for survival of a species under unfavorable growth con�
ditions and selective development of its most adapted
variant, was discovered and studied by us in a number
of microorganisms [4–7], including lactic acid bacte�
ria (LAB) [7]. Importance of the studies on population
variability of LABs is motivated by their wide applica�
tion as probiotics in the food industry and animal
farming [8, 9]. Stable demand for high�quality fer�
mented milk products heightens the requirements for
starter cultures of LABs [10, 11]. They should possess
a number of useful biotechnological characteristics,
and also maintain viability for long periods, exhibit
resistance to stress conditions, and rapidly adapt to the
environment of the gastrointestinal tract of humans

and animals [12, 13]. However, due to wide applica�
tion of antibiotics in animal farming, they may be
present in raw milk, which invariably leads to a
decrease in quality and safety of dairy products for
humans and animals [14]. Moreover, unjustified appli�
cation of antibiotics in therapy is dangerous, because it
affects unfavorably the lactic acid bacterial population
in the human gastrointestinal tract and causes dysbio�
sis [15]. These reasons motivated stricter requirements
for antibiotic resistance (AR) as one of the selection
criterion of industrial LAB strains [16]. Application of
antibiotic�resistant LAB strains, while promoting sta�
bilization of normal intestinal flora upon antibiotics
therapy, may lead, however, to transfer of the antibiotic
resistance genes from lactic acid bacteria to patho�
genic microorganisms and to rapid spread of drug
resistance among the clinical strains, which, in turn,
may increase the inefficiency of antibiotics application
[17–19]. Therefore, elucidation of basic patterns of
LAB adaptive resistance to stress effects, including
resistance due to emergence of antibiotic�resistant
variants, is needed.

The goal of the present work was to study the
changes in LAB population spectrum under effect of
antibiotics, to isolate the variants, and to compare
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their major biotechnological and probiotic character�
istics.

MATERIALS AND METHODS

Subjects of the study were four strains of lactic acid
bacteria (LAB): Lactobacillus sp. M76AT, L. casei
MB, Enterococcus faecium M, and E. faecium M3185
from the culture collection of cultures of the Depart�
ment of Sugar Technology, Fermenting Manufactur�
ing, and Wine Production (Moscow State University
of Food Production, Russia).

Bacteria were grown on glucose–yeast medium
(GYM) of the following composition (g/L): yeast
autolysate, 20.0; glucose, 20.0; pH 7.0. Cultivation
was carried out in 20�mL tubes containing 10 mL
medium under static conditions (without stirring) at
28°C during 24–120 h. Early stationary growth phase
cultures were used as inocula at the initial optical den�
sity of 0.1 (λ = 540 nm, l = 10 mm; Specord UV Vis,
Carl Zeiss Jena, Germany).

Cell viability was determined by the number of col�
ony�forming units (CFU) upon plating the relevant
dilutions of cell suspensions onto agarized GYM
(1.5% agar�agar).

Antibiotic resistance was determined by the num�
ber of CFU upon plating of the early stationary phase
cultures (24 h) onto the agarized glucose–yeast media
with kanamycin (10, 50, 100, and 150 μg/mL) or
ampicillin (0.5, 1, 2, 2.5, and 3 μg/mL), if compared
with growth on the same medium without antibiotics.
In the same experiments, population phase variation
index of antibiotic�resistant LABs was determined as
the percent of colonies of certain morphology to the
total number of colonies. The AR clones of certain
morphotypes were isolated.

Stability of the isolated antibiotic�resistant colony�
morphological variants was determined as their ability
to retain the characteristic morphotype after 5 sequen�
tial transfers of the variants onto GYM agar with anti�
biotics.

Microscopic observations were performed using a
Reichert (Austria) phase�contrast microscope.

Determination of antagonistic activity was per�
formed by the method of development of mixed cul�
tures of LABs and the Staphylococcus aureus 209�P
reference strain by comparing their growth with that of
the reference strain growth in monoculture [7].

Synthesis of exopolysaccharides (EPS) by LABs
was evaluated qualitatively, by coloration of the colo�
nies obtained on agarized GYM with ruthenium red
dye (80 mg/L). Intense red color evidenced cell inabil�
ity to produced EPS, and white coloration indicated
synthesis of large amounts of EPS [20].

To determine the functional activity of LABs (time
required to ferment milk), 3 mL of 16�h culture of a
variant under study were added to 100 mL sterile
(autoclaved for 7 min at 0.5 atm) milk (10%, low fat),

thoroughly mixed, and incubated at 28°C to curd for�
mation. Time of curd formation (h) was considered a
measure of fermentation activity.

Moisture retaining (syneresis) capacity of the curd
was determined by centrifugation. Six milliliters of an
LAB culture were added to 200 mL sterile milk and
incubated at 37°C until a dense curd was formed; it
was then cooled to 5°C. After 24 h, 10 mL of the curd
heated to 20°C were stirred to form a homogeneous
pulp and centrifuged for 5 min at 3000 rpm. Moisture
retaining capacity was expressed as the volume of the
whey (mL) isolated from 10 mL curd [21].

Determination of the energy and threshold of acid
formation. A tube with 10 mL sterile fat�free milk was
inoculated with one loop of a strain under study and
incubated at optimal temperature (37°C) for 24 h (to
determine acid formation energy) and 7 days (to
determine acid formation threshold), then acidity was
determined by titration [21].

Acidity titration. Measurements were performed
according to the State Standard R 54669�2011. For
this purpose, 20 mL distilled water and two drops of
1% phenolphthalein were added to the sample
(10 mL). Then, the sample was titrated with 0.1 N
NaOH until pale�pink coloration appeared. The vol�
ume (mL) of NaOH used for titration was multiplied
by 10 and used as an indicator of acidity expressed in
Turner’s degrees (°T) [21].

Organoleptic characteristics (color, texture, flavor,
and taste) were determined according to the standard
sensor testing techniques [21].

Statistical analysis was performed using the stan�
dard mathematical approaches (Student’s t�test and
standard deviation) implemented in the Microsoft
Excel XP software package. A data group was consid�
ered homogeneous if the standard deviation σ did not
exceed 10%. The differences between data groups were
considered reliable at P > 0.95.

RESULTS

Effect of antibiotics on growth and phenotypic het�
erogeneity of LAB populations. To study the effect of
antibiotics on growth and heterogeneity of LAB pop�
ulations, cells of four strains, Lactobacillus sp. M76AT,
L. casei MB, Enterococcus faecium M, and E. faecium
M3185, grown in rich glucose–yeast medium to the
stationary phase (28 h), were plated onto agarized
media with antibiotics. The inocula were incubated for
10 days at 28°C. After 10�day incubation, the colonies
were counted and colony morphological types
recorded (Table 1). Heterogeneity among antibiotic�
resistant LAB populations was thus assayed using the
morphological characteristics of the colonies. Two
broad�spectrum antibiotics often used in medical
applications (kanamycin and ampicillin), differing by
chemical structure and mechanism of action, were
used in the work. Kanamycin is an aminoglycoside
which binds to specific protein receptors on the 30S
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ribosome subunit and prevents formation of the com�
plex between tRNA and mRNA, thus inhibiting pro�
tein synthesis [22]. Ampicillin is a derivative of peni�
cillin inhibiting transpeptidase activity and thus syn�
thesis of peptidoglycan, preventing the formation of
peptide cross�links in the process of cell wall synthesis
in bacteria [22].

With increasing concentrations of antibiotics in the
agar medium, the number of colony�forming cells of
LABs decreased (Table 1). No significant difference in
resistance to the antibiotics tested was observed
between lactobacilli and enterococci.

Under experimental conditions, three types of
variants differing by colony morphology were found
for all strains studied: S, Sm, and Sb (Fig. 1). The
S variant was the dominant one, with round, convex,
white, shiny colonies approximately 1 mm in diameter

in Lactobacillus sp. M76AT and L. casei MB and
1.5 mm, in E. faecium M and E. faecium M3185 (col�
ony size was measured after 10 days of growth). The
Sm variant was characterized by round, convex, semi�
transparent, shiny colonies less than 1 mm in diame�
ter. The Sb type formed white, flat, opaque colonies
with uneven edge, over 1.5 mm in diameter.

Antibiotics exhibited a dose�dependent effect on
the phase variation spectrum of LAB populations. On
the antibiotic�free medium, all strains grew in the
form of S type (the dominant one). Colonies of the
minor subtypes Sm and Sb were detected in the phase
variation spectrum upon introduction of kanamycin or
ampicillin into the medium (Fig. 1, Table 1). In all
strains, the Sb�type variant was revealed only on the
medium with high kanamycin content (100 μg/mL)
and its share did not exceed 7.9% (Table 1). The share

Table 1. Viability and phase variation spectrum of AR clones in populations of LAB grown on antibiotic�containing medium

LAB

Antibiotic in the medium*
CFU/mL (% to CFU value 

in the absence of antibiotics)

Phase variation index, %

Variant Concentration, 
µg/mL S Sm Sb

Lactobacillus sp. 
M76AT
 

Without antibiotic 0 4.5 × 108 (100) 100 0 0

Kanamycin 10 4.2 × 108 (93.3) 97.4 2.6 0

50 3.6 × 105 (0.08) 69.8 30.2 0

100 1.5 × 105 (0.03) 22.6 69.5 7.9

Ampicillin 0.5 3.8 × 108 (84.4) 98.5 1.5 0

1.0 2.1 × 108 (46.7) 86.9 13.1 0

2.0 9.3 × 107 (20.7) 65.5 34.5 0

2.5 1.2 × 103 (2.7 × 10–4) 0 100 0

L. casei MB Without antibiotic 0 4.2 × 108 (100) 100 0 0

Kanamycin 100 2.2 × 105 (0.05) 12.3 82.5 5.2

Ampicillin 2.0 9.1 × 107 (21.7) 64.7 35.3 0

Enterococcus 
faecium M
 

Without antibiotic 0 5.6 × 108 (100) 100 0 0

Kanamycin 10 5.4 × 108 (96.4) 98.7 1.3 0

50 5.3 × 105 (0.09) 58.6 41.4 0

100 2.6 × 105 (0.05) 14.7 79.7 5.6

Ampicillin 0.5 5.3 × 108 (94.6) 99.5 0.5 0

1.0 4.5 × 108 (80.3) 75.5 24.5 0

2.0 1.3 × 108 (23.2) 69.7 30.3 0

2.5 2.6 × 103 (4.6 × 10–4) 0 100 0

E. faecium M3185 Without antibiotic 0 6.5 × 108 (100) 100 0 0

Kanamycin 100 9.0 × 106 (1.4) 62.4 31.8 5.8

Ampicillin 2.0 1.9 × 107 (29.2) 78.5 21.5 0

* No growth was observed (CFU = 0) at concentrations of kanamycin of  ≥150 μg/mL and ampicillin, ≥3.0 μg/mL.
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of the colonies of the small Sm variant increased pro�
portionally with increasing antibiotics content in the
medium, and at ampicillin concentration of
2.5 μg/mL it completely replaced the dominant
S variant in strains Lactobacillus sp. M76AT, L. casei
MB, and E. faecium M. The strain E. faecium M3185
exhibited higher population stability than the other

ones: only 37.6% cells developed the minor variants
and 62.4% cells were of the dominating S�type on the
medium with kanamycin concentration of
100 μg/mL, and 21.5 and 78.5%, respectively, were
formed on the medium with 2 μg/mL ampicillin.
Under these conditions, the amount of Sm variant
colonies reached 82.5% in L. casei MB and 69.5%, in
Lactobacillus sp. M76AT. This population stability of
the strain E. faecium M3185 under stress conditions is
an important biotechnological feature and also an
important criterion for LAB strain selection for prac�
tical applications. On the other hand, high resistance
of E. faecium M3185 to antibiotics is explained by the
presence of AR determinants in its genome, which
may be dangerous in case of transmittance [23].

Earlier, we demonstrated that the physiological age
of bacterial populations (in submerged cultures)
affects their phase variation spectrum [24]. Upon plat�
ing of LABs onto media with antibiotics, the effect of
inoculum age on the phase variation spectrum of the
populations derived was also noted (Table 2). With
increasing age of the inoculum (slow growth phase,
19 h; stationary phase, 24 h; and post�stationary
phase, 48 h), the numbers of cells yielding the Sm vari�
ant colonies decreased, although they remained pre�
dominant, and the number of the S and Sb type colo�
nies increased.

It should be noted that short�term effect of subin�
hibitory concentrations of antibiotics had little effect
on the phase variation spectrum of LAB populations:
upon plating onto the medium without antibiotics of
the inoculum (24 h) preincubated with kanamycin
(100 μg/mL) or ampicillin (2 μg/mL) for 1 h, only
segregation of the minor Sm variants (not more than
11%) was observed (Table 3). The share of the Sm vari�
ant was lower in enterococci, which turned out to be
more stable to short�term stress effects than lactoba�
cilli.

Thus, the presence of antibiotics in the medium
affected not only the viability of LAB cells, but also the
heterogeneity of AR clone populations in terms of col�
ony morphology, with the dominant S variant partially
or completely replaced with minor colony morphol�

S

S

Sb

Sb

Sm

Sm

(а)

(b)

Fig. 1. Images of the colonies of the S, Sb, and Sm variants
grown on GYM with 100 µg/mL kanamycin: Lactobacillus
sp. M76AT (a) and E. faecium M (b). Scale bar, 5 mm.

Table 2. Effect of inoculum age on viability and phase variation spectrum of AR clones in populations of Lactobacillu sp.
M76AT and E. faecium M grown on kanamycin�containing medium (100 µg/mL)

Inoculum age, h 
(growth phase)

Lactobacillus sp. M76AT E. faecium M

CFU/mL (% to CFU 
value in the absence 

of antibiotics)

Phase variation 
index, %

CFU/mL 
(% to CFU value 

in the absence 
of antibiotics)

Phase variation 
index, %

S Sm Sb S Sm Sb

19 (slow growth) 0.7 × 105 (0.02) 12.3 82.8 4.9 1.5 × 105 (0.04) 8.9 87.2 3.9

24 (stationary) 1.5 × 105 (0.03) 22.6 69.5 7.9 2.6 × 105 (0.05) 14.7 79.7 5.6

48 (post�stationary) 2.4 × 105 (0.05) 24.6 67.3 8.1 3.9 × 105 (0.07) 13.3 81.3 5.4
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ogy variants. Differences between the variants by mor�
phological, physiological, and biotechnological char�
acteristics and their probiotic properties were studied
in the next part of the work.

Properties of Colony Morphological Variants of LABs

Morphological properties of the variants. Micros�
copy revealed that the cells of the Sm variants were
smaller (Lactobacillus sp. M76AT, (0.4–0.5) × (2.0–
2.5) μm; L. casei MB, (0.6–0.7) × (1.0–1.5) μm;
E. faecium M and E. faecium M3185, (0.8–0.9) μm in
diameter) than the cells of the dominant phenotypes
(Lactobacillus sp. M76AT, (0.5–0.7) (2.5–3.5) μm;
L. casei MB, (0.7–0.9) × (1.5–2.0) μm); E. faecium M
and E. faecium M3185 cocci (0.9–1.0) μm in diame�
ter), which was probably to some degree the cause of
the small size of the colonies that are formed by the Sm
variants. Sizes of the Sb variant bacteria were compa�
rable to those of the S type cells, and an increase in the
diameter of colonies they formed was probably associ�
ated with the type of cell arrangement. However,
decreased biosynthesis of density autoregulators or
higher cell resistance to their effects are more probable
reasons.

Stability of the variants was determined by repeated
transfer of the clones (colonies of a certain morpho�
type) onto media with or without antibiotics. Upon
inoculation onto media without antibiotics, Sm and
Sb type variants of all four strains reverted to the dom�
inant S type by 90% at the second or third transfer.
After multiple transfers (over 5) onto media with anti�
biotics, the Sm variant retained its morphotype, and in
the population grown upon plating of the Sb variant,
splitting into S, Sb, and, mainly, Sm variants was
observed in the first transfer. In the following transfer,
S and Sb types gradually accumulated (Fig. 2).

Biotechnological properties. The isolated variants
differed in their colony morphology characteristics, as
well as in a number of other properties that are impor�
tant for production of fermented milk products and

drinks (Table 4). All variants of the strains under study
grew better on milk than on GYM; the strain
E. faecium M accumulated more cells than the others,
and in each strain most cells represented the Sb and
Sm variants. The dominant variants of all strains
exhibited higher milk�fermenting activity. The Lacto�
bacillus sp. M76AT and E. faecium M3185 were the
leading ones in this respect. The dominant variant of
the strain E. faecium M fermented milk within 16 h,
while its minor Sm and Sb variants fermented it
weakly, without curd formation. The energy and
threshold of acid formation in milk by all minor vari�
ants were also much lower than in the dominant ones.
On the other hand, moisture retaining ability of the
curd in the dominant variant was lower than in the
minor ones in all strains under study.

Organoleptic properties of the fermented milk
products obtained with the variants were also consid�
erably different (Fig. 3). The products obtained by fer�
menting of milk with the minor variants turned out to
be inferior in their organoleptic properties to the
drinks obtained with the dominant variants. Only in
one of the four strains under study, that is Lactobacillus sp.
M76AT, the differences were minimal; the drinks were
of homogeneous texture and creamy white color and
possessed a pleasant smell and pure fermented milk
taste.

Probiotic features of the LAB variants. Antagonis�
tic activity of LAB is an important functional feature
affecting the medical and prophylactic properties of
fermented milk products and probiotic preparations.
The data shown on Fig. 4 demonstrate that all studied
LAB variants exhibited antagonistic effect against the
test organism (Staphylococcus aureus 209�P). Strain
Lactobacillus sp. M76A, and especially its minor vari�
ants had the highest antagonistic activity.

Another important adaptive characteristic of LABs
is their ability to synthesize exopolysaccharides (EPS),
possessing the functions of adhesion factors and pro�
moting better adsorption of LAB cells on colonocytes
of intestinal epithelium for biofilm formation [25]. All

Table 3. Change in the number of cells and phase variation spectrum of LAB populations grown from the inoculum prein�
cubated with antibiotics for 1 h

LAB
Control 

(without antibiotics), 
CFU/mL

Antibiotics effect

Kanamycin, 100 µg/mL Ampicillin, 2 µg/mL

CFU/mL 
(% to CFU 

in the control)

Phase variation 
index, %

CFU/mL 
(% to CFU 

in the control)

Phase variation 
index, %

S Sm S Sm

Lactobacillus sp. M76AT 4.5 × 108 (100) 1.2 × 108 (26.7) 90.5 9.5 1.3 × 108 (28.9) 88.9 11.1

L. casei MB 4.2 × 108 (100) 1.4 × 108 (33.3) 93.7 6.3 1.3 × 108 (31.0) 89.2 10.8

E. faecium M 5.6 × 108 (100) 1.4 × 108 (25.0) 90.8 6.7 1.6 × 108 (28.6) 93.7 6.3

E. faecium M3185 6.5 × 108 (100) 1.9 × 108 (29.2) 94.7 5.3 2.0 × 108 (30.8) 94.2 5.8
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isolated colony morphology variants of the four LAB
strains under study grew as heterogeneous populations
in terms of EPS synthesis, which could be observed as
different (from white to red) coloration of their colo�
nies on ruthenium red supplemented medium (Table 5).
Such heterogeneity in EPS production by the popula�
tions (colonies developed from a single cell) was noted
previously for other LAB strains [11], where it was
demonstrated that the level of heterogeneity depended
on the strain and cultivation conditions. Among the
strains under study, strains Lactobacillus sp. M76AT

and E. faecium M3185 (all three variants) were the
most productive in terms of EPS synthesis, with up to
90% of colonies producing EPS (Table 5). Sb and Sm
variants of E. faecium M turned out to be less produc�
tive in EPS synthesis (Table 4).

DISCUSSION

Rapid spread of microbial resistance to antimicro�
bial preparations [26] and emergence of new patho�
genic strains of the previously nonpathogenic bacteria

45.546.2

8.3

100

80

60

40

20

0
4321

Transfer

%

91.9

3.94.2

29.1

52.5

18.4
14.6

63.6

21.8
Sm

S

Sb

Fig. 2. Phase variation of the Sb variant of E. faecium M upon sequential transfers on antibiotic�containing media.

Table 4. Biotechnological properties of LAB variants

LAB
Cell titer, 
CFU/cm3 

(GYM)

Cell titer, 
CFU/cm3 

(milk)

Energy of acid 
formation 

(milk)

Acid formation 
threshold 
(in milk)

Curd moisture 
retaining 

ability, cm3

Milk 
fermenting 
activity, h

after 24 h, °T after 7 days, °T

Lactobacillus sp. 
M76AT

S 4.5 × 108 8.6 × 108 90 120 6.0 18

Sm 4.2 × 108 8.4 × 108 77 88 5.0 21

Sb 2.4 × 108 9.1 × 108 80 91 5.0 20

L. casei MB

S 4.2 × 108 7.5 × 108 80 110 6.0 23

Sm 3.3 × 108 6.8 × 108 74 86 5.5 26

Sb 4.4 × 108 9.4 × 108 68 85 5.2 24

E. faecium M

S 5.6 × 108 12.0 × 108 90 115 6.4 16

Sm 6.7 × 108 17.9 × 108 68 81 No curd –

Sb 11.4 × 108 15.7 × 108 68 72 No curd –

E. faecium M3185

S 6.5 × 108 6.4 × 108 100 120 6.0 18

Sm 5.5 × 108 6.8 × 108 64 80 5.4 23

Sb 3.2 × 108 6.8 × 108 62 74 5.0 22
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[19] has been a serious problem of the last few decades.
This caused deeper studies on molecular genetic
mechanisms of cell development, elucidation of AR
determinants, and of the pathways for their horizontal
transfer [18]. Treating microbial cultures as multicel�
lular self�regulating organisms comprising phenotypi�
cally and genotypically different subpopulations [2,
27, 28] provides more possibilities for analysis of the
reasons for antibiotics resistance and for development
of new approaches to its prevention. It was established
that in a heterogeneous population, different groups of
resistant cells are formed: (a) cells escaping the cell
cycle, quiescent in terms of proliferation, preadapted
to stress, which ensures their survival in case of antibi�
otics attack (persister cells) [29]; (b) cells capable of
attaining anabiosis, or a metabolically quiescent state,
providing for their stress resistance and prolonged (up
to hundred thousand and million years) survival under
unfavorable growth conditions (cystlike quiescent and
nonculturable cells) [30]; and (c) cells having obtained

genes responsible for their resistance to antibiotics and
developing into clones (variants) with an antibiotic�
resistant genotype [2].

The studies reported in the present work demon�
strated that the effect of antibiotics on LAB cells in
growing cultures not only led to a decrease in their
number (or even death), but also caused changes in
phase variation spectrum of their populations with the
development of variants with different colony mor�
phology possessing an AR genotype in a dose�depen�
dent manner; in other words, the subpopulation of AR
cells is heterogeneous in terms of cell morphotypes.
Heterogeneity of AR subpopulations by the level of
cell resistance at which the share of the AR morpho�
type with the dominating colony morphology
decreases and its partial or complete replacement
with the minor phenotypes occurs should be noted. In
case of both ampicillin (0.5–2.5 μg/mL), producing
stronger growth inhibiting effect, which is in agree�
ment with the literature data [31], and kanamycin
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Fig. 3. Organoleptic properties of fermented milk products obtained using the variants of Lactobacillus sp. M76AT (a); L. casei
MB (b); E. faecium M (c); and E. faecium M3185 (d), evaluated according to a 10�unit scale [21].
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(10–100 μg/mL), the antibiotics�resistant Sm variant
characterized by small colony size (Fig. 1) and altered
characteristics, compared to the dominant S type
(Tables 4 and 5 and Fig. 4), was revealed in all strains.
Since the Sm variant dominated in the populations
growing at high concentrations of antibiotics in the
medium, it may be assumed that it develops in the
course of germination of persister cells, which does
not contradict the literature data [32]. Investigation of
the small�colony morphological variants in connec�
tion with bacterial AR and pathogenicity attracted
much attention lately [32, 33]. Formation of rough
small colony variants (RSCV) germinating as small

R�type colonies and possessing increased resistance to
a wide spectrum of antibiotics was detected upon plat�
ing of Pseudomonas aeruginosa onto solid medium
with kanamycin [34]. In Enterococcus faecium, the Sm
colony morphotype expressing atypical growth and
forming colonies of decreased size was found, with the
cells with the Sm genotype characterized by dysfunc�
tion of spontaneous autolysis, compared to the normal
genotype [35].

In our work, apart from the Sm variant, a small
fraction (up to 8%) of colonies of the Sb phenotype
differing from the dominant one was discovered on the
medium with high kanamycin content (100 mg/mL),
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Sb

S. aureus + S. aureus + 
Lactobacillus  sp.  L. casei MB E. faecium M3185 E. faecium M

M76AT

Fig. 4. Viability of the cells of the reference strain Staphylococcus aureus 209�P upon co�cultivation with the LAB variants.

Table 5. Capacity for EPS synthesis in LAB phase variants

 LAB
Number of colonies with different capacity for EPS synthesis, %

EPS+ EPS±* EPS–

Lactobacillus sp. M76AT

S 45 43 12

Sm 47 45 8

Sb 55 36 9

L. casei MB

S 17 68 15

Sm 14 75 11

Sb 27 15 58

E. faecium M

S 32 43 25

Sm 3 11 86

Sb 5 12 83

E. faecium M3185

S 51 39 10

Sm 67 25 8

Sb 65 27 8

* Pink colonies with intermediate position between EPS�producing (white) and non�producing (red) colonies.
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which is another confirmation of the heterogeneity of
antibiotics�resistant subpopulations. In addition to
the increased size of the colonies (compared to the
dominant variant), this variant differed by a number of
physiological and biotechnological characteristics.
Both minor AR variants (Sm and Sb types) were infe�
rior to the dominant S type by their biotechnological
characteristics. Thus, replacement of the dominant
variants of LAB with the minor ones will, in most
cases, worsen the characteristics of fermented milk
products, altering their organoleptic properties.
Changing population spectra of LABs in the gas�
trointestinal tract of humans and animals upon the
effect of antibiotics will support LAB species at the
expense of highly resistant AR clones of Sm and Sb
types, thus realizing the adaptive potential of bacterial
populations resulting from their genotype heterogene�
ity. Therefore, directed production of intrapopulation
AR variants of LABs with useful biotechnological and
probiotic properties seems promising. The data on the
effect of the physiological age of the cells on induction
of AR resistance are also of interest (Table 2). It has
been proven that genotypic variability increases upon
aging of microbial cultures [2, 24] and is the most pro�
nounced in anabiotic cystlike cells [4–7], germination
of which yields a population with up to 60% of cells
represented by minor genotypes. However, in the
present work, with LAB age the number of AR clones
of the dominant S type in AR subpopulations was
shown to increase at the expense of the number of
minor AR clones of the Sm type (Table 2). Since the
share of AR cells at high concentration of kanamycin
(100 μg/mL) did not exceed 0.07%, one may suppose
that the colonies that developed under such conditions
originated from persister cells of a multitolerant phe�
notype, the number of which increases by the station�
ary growth phase [29]. It is reasonable to suggest that
double protection of a bacterial population from the
effect of antibiotics—that is, formation of persister
phenotype in a genotypically AR subpopulation—is
possible. It should be noted that short�term incubation
(1 h) of initial culture (inoculum) with antibiotics at
lethal concentrations caused a decrease in the titer of
viable cells (by 70–75%) and had little effect on the
changes in its phase variation spectrum (segregation of
the minor variants) (Table 3). Therefore, the antibiotic
is a selection factor, rather than an inducer of phase
variation transitions.

Another conclusion is related to the conjugation
between the morphological features of the cells (col�
ony morphology) and their AR properties (Fig. 2).
Determination of stability of individual antibiotic�
resistant colony morphology variants demonstrated
that variants of the Sb type grew as Sm variants in the
first transfer on the medium with antibiotics, but in
further transfers reverted to the dominant S type (over
60%) and their own Sb type (up to 22%) with a
decrease in the share of Sm variant (from 45 to 14.6%).
Therefore, prolonged (several generations) develop�

ment of LAB in the presence of antibiotics is not nec�
essarily associated with cardinal replacement of the
dominant genotype with minor ones; here, we
observed the opposite process. Its mechanism is prob�
ably related to the functioning of factors of intercellu�
lar communication, which requires further studies.

Thus, the study demonstrated that heterogeneity of
bacterial populations (by the example of LAB) is man�
ifested at different levels: formation of AR cell popula�
tions with their further ranging by the level of resis�
tance to antibiotics; intrapopulational colony mor�
phology variability of AR cells; and variability of AR
clones by their antimicrobial activity, probiotic prop�
erties, and physiological and biochemical characteris�
tics.
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