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Transitions between dissociant forms significantly
contribute to the heterogeneity of bacterial populations.
The transitions are due to intragenomic alterations that
occur at a high rate (exceeding that of random muta-
tions by several orders of magnitude) and produce
pleiotropic effects. This phenomenon results in fre-
quent reversible changes in a large number of morpho-
logical, physiological, and biochemical properties of
cells, including the production of extracellular hydro-
lases and the efficiency of biopolymer degradation, the
capacity for synthesizing biologically active com-
pounds and substances of practical value, and resis-
tance to external factors. In the case of actual and
potential pathogens, intragenomic alterations also
influence the activity of virulence factors and the prop-
erties that enable cells to persist.

Dissociant ratios in bacterial populations vary
depending on selective environmental factors. Dissoci-

 

1

 

Corresponding author; e-mail: anulan2@rambler.ru

 

ation can present difficulties for researchers and
decrease the efficiency of bacteria in industrial micro-
biological processes because active variants may be
replaced by inactive variants. In natural habitats, disso-
ciation provides for the adaptation of microbial popula-
tions to environmental factors and extends the range of
environmental conditions within which microbial spe-
cies can survive [1].

We have previously investigated the energy metabo-
lism of three 

 

Pseudomonas aeruginosa

 

 K-2 dissociants
(R, S, and M) during growth of their cultures on a min-
eral medium with glucose. We demonstrated that the
oxidative pathway of glucose utilization prevails in the
R dissociant. The M dissociant is predominantly char-
acterized by fermentation accompanied by formic acid
formation and medium acidification to a pH value of 3.3.
The S dissociant alternately uses both pathways of glu-
cose utilization. Accordingly, the glucose-6-phosphate
dehydrogenase activity of the M dissociant was found
to be two orders of magnitude lower than that of the
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Abstract

 

—The population composition of polycultures of 

 

Pseudomonas aeruginosa

 

 dissociants (R + M and
R + S + M) developing on media with various contents and ratios of nitrogen and phosphorus has been studied.
Irrespective of its proportion (10 to 90%) in the inoculum, the R variant accounted for 65 to 84% of the whole
population of linear-phase and stationary-phase binary cultures of R and M dissociants, which differ in terms
of energy metabolism and nutritional requirements. After prolonged cultivation, the population in the binary
culture contained only R cells (100%), which are characterized by minimum requirements with respect to the
main biogenic elements. These data agree with the predictive data of model studies and can be attributed to reg-
ulation of the population composition of bacterial cultures by trophic factors. It was established that the propor-
tion of M cells, which are distinguished by maximum nutrient requirements and enhanced stability, increased
during two developmental stages of the 

 

Ps. aeruginosa

 

 polycultures (R + M and R + S + M): the lag phase and
the decay stage. This result cannot be due to the influence of trophic factors and presumably results from
changes in the levels of autoregulatory factors (anabiosis autoinducers) involved in stress resistance and plau-
sibly in the adaptive interconversion of dissociants upon transfer to a new medium (during the lag phase) and
under starvation conditions (at the onset of the decay phase).
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R and S dissociants [2, 3]. The physiological and bio-
chemical features of the dissociants that we revealed
correlate with their different requirements with respect
to the main biogenic elements (particularly carbon).
The M and the R dissociants are characterized by max-
imum and minimum C, N, and P requirements, respec-
tively [4]. The higher the nutrient requirements of a dis-
sociant, the lower the percentage of its cells in a mixed
culture at the stationary growth stage [5]. However, the
dynamics of the population composition during the
development of bacterial polycultures, including the
decay stage, has not yet been studied.

The goal of this work was to elucidate the dynamics
of the growth and population composition of polycul-
tures of 

 

Ps. aeruginosa

 

, paying special attention to cell
behavior during the lag phase and the decay stage.

MATERIALS AND METHODS

This study was conducted with the R, S, and M dis-
sociants of a 

 

Pseudomonas aeruginosa

 

 strain isolated
from the formation waters of a Siberian oil field and
stored in the culture collection of the Microbiology
Department at Moscow State University. The
pseudomonads were grown on a mineral media with
glucose. The contents of NaNO

 

3

 

, NaH

 

2

 

PO

 

4

 

, and glu-
cose were varied (0.03–0.5, 0.004–0.03, and 0.22–
3.8%, respectively), whereas the contents of KCl
(0.06%) and MgSO

 

4

 

 (0.02%) were kept constant. The
bacteria were cultivated in 50-ml tubes containing 10 ml
of medium on a shaker (180 rpm) at 30

 

°

 

C. The cell sus-
pensions in a physiological solution to be used as inoc-
ulum were obtained from 1-day-old cultures of
pseudomonad dissociants grown on an agarized mix-
ture of nutrient broth and wort (1 : 1). The density of the
inoculum was nephelometrically adjusted to a cell con-
centration of 

 

10

 

9

 

 cells/ml. The inoculum dose was 3%.
The growth of the bacteria was estimated from the opti-
cal density (OD) of the culture. For convenience, read-
ings taken from an FEK 56M nephelometer were mul-
tiplied by 100. The dissociant percentage in a popula-
tion (the population composition) was determined from
the morphology of the colonies obtained by plating
decimal dilutions of the culture onto a solid nutrient
broth–wort medium.

The pH value of the medium was measured with a
Checker micropotentiometer (HANNA Instruments).
The glucose concentration in the medium was esti-
mated by a semiquantitative method, using the indica-
tor strips (Diagluc) employed for determining glucose
levels in blood. The productivity of the dissociants with
respect to extracellular proteases (proteolytic capacity)
was determined using a modified Anson method. A pro-
teolytic activity unit corresponds to the enzyme quan-
tity that, within 1 min, converts the amount of sodium
caseinate containing 1 

 

µ

 

mol (0.181 mg) of tyrosine to
hydrolysis products that are not precipitable with
trichloroacetic acid.

The productivity of the dissociants in terms of syn-
thesis of autoregulatory factors (represented in

 

Ps. aeruginosa

 

 by alkylhydroxybenzenes (AHBs) of an
alkylresorcinol type) was determined using a highly
specific colorimetric test with a diazotized derivative of
3,3'-dimethoxybenzidine (Fast Blue B Salt diazotized,
FBB, Sigma). The AHB quantity was expressed in 

 

µ

 

g/g
of dry cell mass (DCM). The working reagent solution
was obtained by dissolving 5 mg of FBB in 10 ml of 5%
acetic acid followed by its dilution with a fivefold
amount of 

 

n

 

-propanol. 5-

 

n

 

-pentadecylresorcinol, 4-

 

n

 

-
hexylresorcinol, 

 

n

 

-decylresorcinol, 2,5-dibutylresorci-
nol, and 2-nonyl-5-decylresorcinol were used as the
standards. Samples of pseudomonad extracts or stan-
dard alkylresorcinol solutions were evaporated until
dry and supplemented with 2 ml of the working reagent
solution; then, the reaction mixture was incubated in
the dark for 1 h. The extinction value and the absorption
spectrum of the colored product were determined in
0.2-cm cuvettes with a Specord M-400 spectrophotom-
eter (Jena, Germany) operating in an automatic two-
beam mode using the working reagent solution as a
control.

The tables and plots contain the mean values of the
results of two to three experiments, each of which was
performed in triplicate. The mean values were calcu-
lated using Microsoft Excel 2000.

RESULTS AND DISCUSSION

Our earlier studies concerning the energy metabolism
of 

 

Ps. aeruginosa

 

 dissociants revealed that the R and
M variants display the most significant differences in
their glucose metabolism patterns: the R variant oxidizes
glucose, and the M variant ferments it to formic acid [2,
3]. Therefore, we used binary (R + M) bacterial cultures
in the first part of our investigation in order to elucidate
the behavioral patterns of the dissociants in mixed cul-
tures. A polyculture obtained by mixing these two disso-
ciants was grown for 10 days in a medium containing
(%) glucose, 2; nitrates, 1.1; and phosphates, 0.055. The
percent ratio of the R and M dissociants in the inoculum
was 40 : 60. Monocultures of R and M dissociants grown
on the same medium served as control systems. We mon-
itored the culture growth (OD) and population composi-
tion (dissociant percentages, Fig. 1).

The lag phase of the binary culture was 10 h long.
The maximum biomass yield (OD = 250) was obtained
by the 70th hour of cultivation. After that, the decay
stage began. All the glucose was completely consumed
by the 70th hour. The cell density hardly changed
between 160 and 250 h of cultivation (OD = 60). At the
end of the lag phase, the medium became slightly acid-
ified, which was followed by a monotonic increase in
pH up to a value of 9.5.

The pattern of changes in the M dissociant percent-
age in the developing culture was nonlinear. The num-
ber of cells yielding M colonies reliably increased at
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two points: during the lag phase (from 40 to 50–60%)
and during the decay phase (from 25 to 60%). During
the growth period, the binary culture was increasingly
dominated by the R variant, which is characterized by
minimum requirements with respect to the main bio-
genic elements [4]. The R dissociant percentage was
76% during the stationary phase, which is in accordance
with the results of calculations in model systems [6]. As
for the decay stage of the binary culture, the R disso-
ciant percentage dropped to 40% by the 163th hour.
There was an inverse relationship between the R disso-
ciant percentage and the optical density of the culture.
The R dissociant percentage increased for the second
time in an autolysing decaying culture with a stabilized
optical density value (OD = 60), amounting to 100% by
the 250th hour. Inoculation of this culture onto solid
medium resulted in retarded growth of the colonies.
This effect is characteristic of the germination of dor-
mant bacterial cells and suggests their presence in the
250-h culture. The formation of dormant bacterial cells in
autolysing cell suspensions has been demonstrated for a
number of non-spore-forming bacteria [7–9].

A comparative study of the development of the
binary 

 

Ps. aeruginosa

 

 culture (R + M) and of monocul-
tures revealed that the R culture (grown on the medium
described above) displayed the same properties as the
binary culture and reached the stationary phase by the
70th hour (OD = 270 and pH 8.8). The population com-
position of the R monoculture did not change through-
out the whole developmental cycle. The growth of the
M monoculture ceased at a much earlier point, specifi-
cally, by the 22nd hour; the optical density attained was
significantly lower (OD = 65), and the growth medium
was acidified to a pH value of 3.5. If the bacterial cul-
ture was grown further, the M population was 100%
replaced by an R population.

Thus, M cells were replaced by R cells during the
development of both the M monocultures and the R +

M binary cultures of 

 

Ps. aeruginosa.

 

 An increase in the
percentage of M cells occurred at two developmental
stages: during the lag phase and during the decay phase.
These changes in the population composition are
unlikely to be due to trophic environmental factors,
since the medium contained a complete set of nutrients
during the lag phase and was glucose-limited during the
decay phase.

The question to be raised is whether the above pat-
tern of changes in the population composition is also
characteristic of the lag phase of other types of mixed
cultures of 

 

Ps. aeruginosa

 

 dissociants and of polycul-
tures grown on other media. The following experiments
investigated the behavior of bacterial populations in
R + S + M polycultures. We used a mixture containing
equal percentages of R, S, and M dissociants to act as
inoculum. The polycultures were grown for 24 h (loga-
rithmic phase) on four media with equal glucose con-
centrations (3.8%) and different nitrate and phosphate
contents. Medium 1 contained 0.05% nitrate and
0.005% phosphate; medium, 2 0.5 and 0.005%; me-
dium 3, 0.05 and 0.03; and medium 4, 0.5 and 0.03%.
The nitrate–phosphate ratio was, therefore, 10, 100,
1.7, and 7 in media 1, 2, 3, and 4, respectively.

The R + S + M polycultures were characterized by
the same growth dynamics on all these media (Table 1),
but the patterns of population composition (dissociant
percentage) were different (Fig. 2). The R dissociant
was eliminated at the beginning of the lag phase (before
the 6th hour) on all the media, and the M (medium 1, 2,
or 4) or the S dissociant (medium 3) dominated the pop-
ulation at this stage. The M cell number decreased in all
the cultures upon the onset of active growth and the
transition to the logarithmic phase. The R variant dom-
inated the culture grown on the richest medium
(medium 4) at the end of the lag phase and the begin-
ning of the logarithmic phase. The M cell number
decreased at the beginning of the logarithmic phase in
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Fig. 1.

 

 Growth dynamics and population composition of a binary R + M culture of 

 

Ps. aeruginosa

 

: (

 

1

 

) optical density (OD 

 

× 

 

100

 

)
of the culture; (

 

2

 

) pH of the medium; (

 

3

 

) M dissociants, % of the CFU number; (

 

4

 

) residual glucose content, mg %.
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Table 1. 

 

 Growth dynamics of R + S + M polycultures of

 

Ps. aeruginosa

 

 on various media

Culture 
age, h

Optical density (

 

×

 

100)

Medium 1 Medium 2 Medium 3 Medium 4

0 5 5 5 5

6 5 5 5 5

11 10 12 10 10

24 90 88 94 92

 

the culture grown on the medium 3, and the S dissociant
became dominant. Importantly, the M dissociant pre-
vailed on the still poorer medium (medium 1), even
though it exhibits maximum requirements with respect
to the main biogenic components and consumes glu-
cose with the resulting formation of significant
amounts of formic acid.

A comparison of the population composition of cul-
tures growing at different contents of nitrogen (Figs. 2a
and 2b correspond to medium 1 and 2; Figs. 2c and 2d,
to medium 3 and 4) and phosphorus (Figs. 2b and 2c,
medium 2 and 3) showed significant differences in the
ratios between the R and the S cells. At the same time,
the cultures grown on medium 2 and medium 3 had the
same population composition and R and S percentages,
although these media were characterized by the most sig-
nificant differences between their N/P ratios (100 and
1.7, respectively).

Among the trophic factors involved, it is, therefore,
the absolute nitrogen and phosphorus contents, not
their ratio, that exert the main influence on the popula-
tion composition of the R + S + M polycultures of

 

Ps. aeruginosa

 

 during the lag phase and at the begin-
ning of the logarithmic phase. This conclusion is sup-
ported by the fact that the M dissociant (Fig. 2a) pre-
vailed at the early stages of development of the culture
grown on medium 1 (with minimum nitrogen and phos-
phorus contents) whereas the R variant (Fig. 2d) over-
whelmingly dominated the culture on medium 4, which
was similar to medium 1 in terms of the N/P ratio but con-
tained maximum amounts of these elements. The results
obtained are consistent with the data presented in [3].

The inocula used in the above studies with R + S + M
polycultures or R + M binary cultures of 

 

Ps. aeruginosa

 

were characterized by equal R, M, and S (in the poly-
cultures) percentages. The following studies investi-
gated the influence of the R/M ratio in the inoculum on
the population composition of binary cultures grown on
a standard medium containing 0.19% glucose, 0.1%
nitrates, and 0.01% phosphates. We used five different
mixtures of R and M cells as inocula (Table 2). The dif-
ferences in maximum biomass yields were negligible,
but the population composition of these cultures was
significantly different.

The composition of the stationary phase populations
was the same (78 and 22% R and M cells, respectively),
with all the cultures being characterized by R/M ratios
between 3 : 7 and 7 : 3 in the inoculum. This population
composition was dictated by the requirements of the R
and M dissociants with respect to the main biogenic ele-
ments, and it was consistent with results obtained with
growth variation models for mixed populations [6].
However, if the share of a dissociant in the inoculum was
brought down to 10%, its percentage at the end of the
active growth stage of the mixed binary culture (Table 2)
was below the value predicted in model studies [6].

Of special interest in this context is the following
result, established by us as we prepared mixtures of

 

Ps. aeruginosa

 

 dissociant cells for polyculture inocula: If
equal amounts of R, S, and M cells (at a ratio of 1 : 1 : 1)
were mixed in a physiological solution to obtain a cell
density of 10

 

9

 

 cells per ml, incubated for 3 h without
being transferred to a nutrient medium, and thereupon
plated onto an agarized medium, the percentage of M
colonies increased to 50–60% in the resulting popula-
tion. What was the reason for this change in the popu-
lation composition of the inoculum? If we assume that
the R and S cells were predominantly lysed, then we
should expect a change in the proteolytic activity of the
cultures. However, the extracellular protease activities
of R, S, and M dissociants grown as monocultures in
nutrient broth were 85, 99, and 104 units/l, i.e., the dif-
ferences were insignificant. Alternatively, we can sug-
gest that the M dissociant is selected in a system in
which it grows at the expense of a partially autolysed
inoculum (including R, S, and M cells). However, the
requirements of the R and S cells with respect to the
main biogenic elements are more limited than those of
the M cells. Therefore, the cell density in R and S
monocultures exceeds that in an M monoculture as
early as at the logarithmic stage (at 16 h), as was shown
in [3]. Below is an explanation based on the assumption
of the enhanced stress resistance of M cells. The low
growth rate of the M dissociant compared to the R and
S dissociants does not militate against this assumption.
Apart from postulating that more resistant cells are
selected under stressful conditions resulting from trans-
ferring the culture to a new medium (during the lag

 

Table 2. 

 

 Influence of the dissociant ratio in the inoculum on
the growth yield and population composition of 

 

Ps. aerugi-
nosa

 

 polycultures in the stationary phase

Inoculum Stationary phase

Dissociant ratio, % Culture
density,

OD 

 

× 

 

100

Dissociant ratio, %

R M R M

10 90 64 65 35

30 70 66 78 22

50 50 57 78 22

70 30 60 78 22

90 10 60 84 16
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Fig. 2.

 

 Ratios of the R, S, and M dissociants of 

 

Ps. aeruginosa

 

 (expressed in %) in mixed cultures grown on media with various
nitrogen and phosphorus contents and ratios: (a) medium 1, (b) medium 2, (c) medium 3, and (d) medium 4.

 

N/P ratio

N/P ratio

N/P ratio

 

phase) or starvation (caused by incubating the inocu-
lum cell suspension in physiological solution), we also
suggest that dissociation processes are induced by the

SOS system and other stress responses [10]. Based on
these ideas and the results given in Fig. 2, it seems
likely that the changes in dissociant percentages and the
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dominance of the M dissociant during the first 6 h of
polyculture growth occur in response to “new medium
stress.”

While the nutrient requirements of dissociants
influence the growth of 

 

Ps. aeruginosa

 

 polycultures
and the dissociant percentages in stationary-phase
populations [4], other population-level control factors
manifest themselves during the lag phase and the decay
phase. We should reemphasize that the M percentage in
polyculture populations increases both during the lag
phase, when a complete set of nutrients is available, and
during the decay stage, characterized by limited nutri-
ent amounts. Therefore, the M percentage does not
depend on the concentrations of biogenic elements in
the medium. The fact that the increase in the M percent-
age in lag phase polycultures occurs on media with var-
ious contents and ratios of nitrates and phosphates does
not militate against this conclusion.

The data obtained suggest that, apart from trophic
regulators of the population composition, the dynamics
of dissociant percentages in mixed bacterial cultures
(polycultures) is controlled by autoregulatory factors d

 

1

 

(anabiosis autoinducers) and d

 

2

 

 (autolysis autoinduc-
ers). Their synthesis has been demonstrated in various
taxonomic groups of pro- and eukaryotic microorgan-
isms, including representatives of the genus 

 

Pseudomo-
nas

 

 [11]. In 

 

Pseudomonas

 

 species, the d

 

2

 

 factors are
alkylhydroxybenzenes (AHBs) of an alkylresorcinol
type [12], whose quantitative determination is based on
a highly sensitive colorimetric reaction with the diazo-
tized derivative of 3,3'-dimethoxybenzidine. This
method was earlier used to determine AHBs of plant
and microbial origins [13, 14]. In our studies, we deter-
mined the AHB amount in the culture liquid (CL) at the
stage when their maximum yield was attained [11, 14],
i.e., at the onset of the stationary phase in the R, S, and
M monocultures of 

 

Ps. aeruginosa

 

 grown on synthetic
medium with glucose (Table 3). The M and S dissociant
were characterized by the maximum and minimum pro-
duction of extracellular AHBs (expressed hereinafter in

 

µ

 

g/g of dry cell mass). The R cells contained the maxi-
mum intracellular AHB amounts. Hence, the disso-
ciants displayed significant differences in their capacity
to synthesize AHBs, the autoregulators of bacterial
growth and development.

Below is an analysis of the results of our studies in
terms of these concepts. The AHB level dynamics in
developing microbial cultures has two maxima, occur-
ring in the lag phase and the stationary phase [11, 14].
This is consistent with changes in the population com-
position of the 

 

Ps. aeruginosa

 

 polycultures. The maxi-
mum AHB yield in the cells of the R dissociants sug-
gests that they possess advantages over the other disso-
ciants when an old (250-h) culture assumes the
hypometabolic and anabiotic states. This hypothesis
seems to account for the fact that the R dissociants
replace the other variants (e.g., the M dissociants in our
experiments) and prevail in older cultures (Fig. 1).

The population composition changes in the

 

Ps. aeruginosa

 

 cultures during the lag phase (Fig. 2)
and decay phase (Fig. 1) may be due either to dissocia-
tion processes or to selection pressures favoring the
stress-resistant M dissociant. The involvement of AHBs
in dissociation processes has been demonstrated for

 

Bacillus cereus

 

 [15], 

 

Staphylococcus aureus

 

 [16], and

 

Salmonella typhimurium

 

 [17]. It may be linked to their
capacity to induce SOS responses [10] and function as
endogenous mutagens, as we have previously shown
for auxotrophic 

 

S. typhimurium

 

 mutants reverting to a
prototrophic condition (the Ames test) [17]. The induc-
tion of the M dissociant and its selective development
during the lag phase in the R + S + M polycultures and
the R + S binary cultures with unbalanced N and P con-
tents could be due to its enhanced stress resistance and
to its AHB level (Table 3).

This suggestion is supported by data on the resis-
tance of the R, S, and M dissociants of 

 

Ps. aeruginosa

 

to immobilization in polyacrylamide gel (PAAG) [18].
When embedded in PAAG, the M variant demonstrated
the highest viability level among dissociants grown on
a nitrogen-limited medium, which attests to its compar-
atively high resistance to PAAG.

Importantly, the regulation of the dissociant spec-
trum of 

 

Ps. aeruginosa

 

 polycultures by trophic factors,
including the contents and ratios of biogenic elements,
does not rule out the influence of autoregulatory factors
(AHBs) on the population composition, particularly
under stress, i.e., during the lag phase and the decay
phase. These two types of factors are interrelated, since
the AHB yield varies depending on the growth medium
[11, 19], while culture growth and transitions between
developmental stages are subject to regulation by extra-
cellular AHB concentrations [11, 14].

ACKNOWLEDGMENTS

This work was supported in part by the Russian
Foundation for Basic Research, project nos. 05-04-
49238 and 04-04-49710.

REFERENCES

 

1. Mil’ko, E.S. and Egorov, N.S., 

 

Geterogennost’ popu-
lyatsii bakterii i protsess dissotsiatsii

 

 (Heterogeneity of

 

Table 3. 

 

 Total quantity of extracellular AHBs synthesized
by the R, S, and M dissociants of 

 

Ps. aeruginosa

 

 on a syn-
thetic medium with glucose

Disso-
ciant

Wet biom-
ass, g/l

Dry cell 
weight, g/l

CL AHBs, 

 

µ

 

g/g of 
DCM

Intracellular 
AHBs, 

 

µ

 

g/g 
of DCM

S 2.89 0.67 253.7 41.2

M 2.03 0.47 319.1 58.5

R 2.86 0.66 303 87.8



 

414

 

MICROBIOLOGY

 

      

 

Vol. 74      No. 4      2005

MIL’KO et al.

Bacterial Populations and the Dissociation Processes),
Moscow: Mosk. Gos. Univ., 1991.

2. Mil’ko, E.S. and Krasil’nikova, E.N., Peculiarities of
Carbohydrate Metabolism of R, S, and M Dissociants of
Pseudomonas aeruginosa, Mikrobiologiya, 1999,
vol. 68, no. 2, pp. 211–214.

3. Mil’ko, E. and Il’inykh, I.A., The Effect of Major Nutri-
ent Elements on the Growth and Population Homogene-
ity of the R, S, and M Dissociants of Pseudomonas aerug-
inosa and the Glucose Oxidation and Fermentation Path-
ways, Mikrobiologiya, 2004, vol. 73, no. 1, pp. 45–50.

4. Fursova, P.V., Mil’ko, E.S., Il’inykh, I.A., Maksimov, V.N.,
and Levich, A.P., The Requirements of Pseudomonas
aeruginosa Dissociants for Carbon, Nitrogen, and Phos-
phorus, Mikrobiologiya, 2004, vol. 73, no. 1, pp. 45–50.

5. Maksimov, V.N., The Main Concepts of General Ecol-
ogy, Ekologiya mikroorganizmov (Microbial Ecology),
Moscow: ACADEMA, 2004, pp. 12–28.

6. Fursova, P.V., Mil’ko, E.S., Il’inykh, I.A., and Levich, A.P.,
Approaches to the Control of the Community Composi-
tion of Pseudomonas aeruginosa Dissociants: Experi-
mental Data and Model Calculations, Biotekhnologiya,
2005, no. 1, pp. 73–82.

7. Mulyukin, A.L., Lusta, K.A., Gryaznova, M.N.,
Babusenko, E.S., Kozlova, A.N., Duzha, M.V., Mityush-
ina, L.A., Duda, V.I., and El’-Registan, G.I., Formation
of Resting Cells in Microbial Suspensions Undergoing
Autolysis, Mikrobiologiya, 1997, vol. 66, no. 1, pp. 42–49.

8. Demkina, E.V., Soina, V.S., and El’-Registan, G.I., For-
mation of Resting Forms of Arthrobacter globiformis in
Autolyzing Cell Suspensions, Mikrobiologiya, 2000,
vol. 69, no. 3, pp. 383–388.

9. Loiko, N.G., Soina, V.S., Sorokin, D.Yu., Mityushina, L.A.,
and El’-Registan, G.I., Production of Resting Forms by
the Gram-Negative Chemolithoautotrophic Bacteria
Thioalkalivibrio versutus and Thioalkalimicrobium
aerophilum, Mikrobiologiya, 2003, vol. 72, no. 3,
pp. 328–337.

10. Margulis, A.B., Il’inskaya, O.N., Kolpakov, A.I., and
El’-Registan, G.I., Induction of SOS Response of Cells
by Microbial Autoregulatory Factors, Genetika, 2003,
vol. 39, no. 9, pp. 1180–1184.

11. Svetlichnyi, V.A., Savel’eva, I.D., Nekrasova, V.K., El’-
Registan, G.I., and Romanova, A.K., Organotrophic
Growth of Pseudomonas carboxydoflava and Synthesis
of an Autoregulatory Factor, Mikrobiologiya, 1982,
vol. 51, no. 4, pp. 606–610.

12. Osipov, G.A., El’-Registan, G.I., Svetlichnyi, V.A.,
Kozlova, A.N., Duda, V.I., Kaprel’yants, A.S., and
Pomazanov, V.V., On the Chemical Nature of the Auto-
regulatory Factor d1 of Pseudomonas carboxydoflava,
Mikrobiologiya, 1985, vol. 54, no. 2, pp. 186–190.

13. Tluscik, F., Kozubek, A., and Mejbaum-Kaizenellenbo-
gen, W., Alkylresorcinols in Rye (Secale cereale L.) Grains,
Act. Soc. Bot. Pol., 1981, vol. 54, no. 7, pp. 645–651.

14. Mulyukin, A.L., Kozlova, A.N., Kaprel’yants, A.S., and
El’-Registan, G.I., The d1 Autoregulatory Factor in
Micrococcus luteus Cells and Culture Liquid: Detection
and Accumulation Dynamics, Mikrobiologiya, 1996,
vol. 65, no. 1, pp. 20–25.

15. Doroshenko, E.V., Loiko, N.G., Il’inskaya, O.N., Kolpa-
kov, A.I., Gornova, I.B., Klimanova, E.V., and El’-
Registan, G.I., Characterization of Bacillus cereus Dis-
sociants, Mikrobiologiya, 2001, vol. 70, no. 6, pp. 811–819.

16. Il’inskaya, O.N., Kolpakov, A.I., Shmidt, M.A., Dorosh-
enko, E.V., Mulyukin, A.L., and El’-Registan, G.I., The
Role of Bacterial Growth Autoregulators (Alkyl Hydrox-
ybenzenes) in the Response of Staphylococci to Stresses,
Mikrobiologiya, 2002, vol. 71, no. 1, pp. 23–29.

17. Il’inskaya, O.N., Kolpakov, A.I., Zelenikhin, P.V., Kru-
glova, Z.F., Choidash, B., Doroshenko, E.V., Mulyu-
kin, A.L., and El’-Registan, G.I., The Effect of Anabio-
sis Autoinducers on the Bacterial Genome, Mikrobi-
ologiya, 2002, vol. 71, no. 2, pp. 194–199.

18. Khabibullin, S.S., Fesenko, D.O., Nasedkina, T.V.,
Golod, N.A., and Zaitseva, A.A., The Use of Stabilized
Bacterial Cells for Development of Biochips, Materialy
II Mezhdunarodnogo kongressa “Biotekhnologiya: sos-
toyanie i perspektivy razvitiya,” 10–14 noyabrya 2003 g.,
(Proc. II Int. Congr. “Biotechnology: Current State and
Development Prospects,” Nov. 10–14, 2003), Moscow,
vol. 2, pp. 223–224.

19. El’-Registan, G.I., Duda, V.I., and Svetlichnyi, V.A.,
Dynamics of the d Autoregulatory Factors in Batch Cul-
tures of Pseudomonas carboxydoflava and Bacillus cereus,
Mikrobiologiya, 1983, vol. 52, no. 2, pp. 238–243.


