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The application of genetically engineered microor-
ganisms (GEMs) is presently limited because of the
shortage of experimental data on their interactions with
native microflora in natural ecosystems [1–3]. The sur-
vival of GEMs in the environment depends on many
factors, both biotic (such as population interactions)
and abiotic (such as pH, salinity, temperature, illumina-
tion, humidity, and the availability of nutrients).

Of great importance are competitive interactions
between introduced GEMs and native microorganisms,
since the former may alter the microbial diversity in
nature [4] and the latter may suppress the GEMs that
were introduced, for instance, into a polluted environ-
ment for bioremediation purposes.

To be used in relevant studies, recombinant strains
should contain markers that allow researchers to easily
detect these strains in ecosystems. In the present study,
we used 

 

E. coli

 

 strain Z905 harboring the recombinant
plasmid pPHL7 with the reporter luminescence 

 

lux

 

genes [5], whose expression allows the metabolic activ-
ity of this strain to be easily evaluated. Our interest in
this strain was also stimulated by the fact that recombi-
nant 

 

E. coli

 

 strains are widely used in biotechnology,
and their occurrence in the environment cannot be
excluded.

The aim of the present study was to evaluate the
competitive ability of the 

 

E. coli

 

 strain Z905 (pPHL7)
introduced into aquatic microcosms with reference to
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the typical soil bacteria 

 

Pseudomonas fluorescens

 

 and

 

P

 

. 

 

putida.

 

MATERIALS AND METHODS

 

Bacterial strains.

 

 Experiments were carried out
with the 

 

Escherichia coli

 

 strain Z905 (pPHL7) harbor-
ing the recombinant plasmid pPHL7 with the ampicil-
lin resistance genes and the bacterial luminescent sys-
tem genes [5]; the adapted variant of 

 

E. coli

 

 Z905
(pPHL7), 

 

E. coli

 

 Z905-33 (pPHL7), which were iso-
lated from a microcosm 18 weeks after introduction;
and the plasmid-free 

 

Pseudomonas fluorescens

 

 and

 

P. putida

 

 strains isolated from soil [6]. The relevant
biochemical and physiological characteristics of the
four strains studied are presented in the table.

 

Experimental aquatic microcosms (AMCs)

 

 were
of three types. AMC 1 represented a 12-l glass carboy
with a gravel–sand mixture at its bottom, which was
filled with 2 l of aquarium water and 10 l of degassed
tap water and sealed with a ground glass stopper.
Therefore, the native microflora of this type of micro-
cosms was due to the microorganisms present in the
aquarium, the gravel–sand mixture, and tap water. Ten
weeks after the establishment of AMC 1, it was ana-
lyzed for microflora and then inoculated with 

 

E. coli

 

Z905 (pPHL7) cells as described earlier [7]. During
experiments, the content of the soluble organic matter
(SOM) in AMC 1 varied from 90 to 170 mg/l.

AMC 2 represented a 10-ml test tube filled with a
filter-sterilized medium from AMC 1 and sealed with a

 

EXPERIMENTAL
ARTICLES

 

Coexistence of Genetically Engineered 

 

Escherichia coli

 

 Strains 
and Natural Microorganisms 

in Experimental Aquatic Microcosms

 

T. V. Kargatova

 

1

 

, E. E. Maksimova, and L. Yu. Popova

 

Institute of Biophysics, Siberian Division, Russian Academy of Sciences, Krasnoyarsk, 660036 Russia

 

Received November 29, 1999; in final form, September 19, 2000

 

Abstract

 

—In experimental aquatic microcosms (AMCs), the population of the 
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) was found to gradually accumulate AMC-adapted cells,
which retained the plasmid but differed from the original cells in some biochemical and physiological charac-
teristics. Both the original and the AMC-adapted

 

 E. coli
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E. coli

 

Z905-33 (pPHL7) cells were more competitive than the nonadapted cells.
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plastic screw cap. The content of the SOM in this type
of the microcosms was 161.6 mg/l.

AMC 3 also represented a 10-ml tube with a plastic
screw cap, but filled with a semidefined medium con-
taining (g/l) Na

 

2

 

HPO

 

4

 

, 6; KH

 

2

 

PO

 

4

 

, 3; NaCl, 0.5;
NH

 

4

 

Cl, 1; and peptone, 0.05. The content of the SOM
in this type of microcosms was 67.2 mg/l. Unlike the
media in AMC 1 and AMC 2, the medium in AMC 3
did not contain complex organic substances.

AMC 1 was incubated at 15–20

 

°

 

C under constant
illumination for a year. After the inoculation of bacte-
ria, AMC 2 and AMC 3 were incubated at 20

 

°

 

C in the
dark for 2 months.

The microbial population in the microcosms was
evaluated by plating samples taken from them on solid
M9P medium [8]. The results were expressed in col-
ony-forming units (CFU) per ml.

 

Utilization of carbohydrates and alcohols

 

 was
assayed by inoculating the Hiss medium containing
phenol red with samples taken from the microcosms.
The ability of bacteria to utilize carbohydrates and
alcohols was judged from the Hiss medium changing
colors [9]. Arabinose, xylose, maltose, raffinose, glyc-
erol, and sorbitol were added to the Hiss medium at a
concentration of 5 g/l; glucose, lactose, sucrose, and
mannitol were added at a concentration of 10 g/l.

 

Evaluation of the selection rates.

 

 The selection
rate of microorganisms in the experimental micro-
cosms was expressed in the selection rate constants 

 

S

 

ij

 

,
which were calculated by the slightly modified formula
of Velicer and Lenski [10]:

where 

 

N

 

(0)

 

 and 

 

N

 

(

 

t

 

)

 

 are the initial and final population
densities, respectively; and 

 

i

 

 and 

 

j 

 

denote competitive
bacterial strains (in the given case, 

 

i 

 

denotes the 

 

E. coli

 

strains and 

 

j 

 

denotes the 

 

Pseudomonas 

 

strains). If 

 

S

 

if

 

 > 0,
the 

 

i

 

th strain is more competitive than the 

 

j

 

th strain; if

 

S

 

if

 

 < 0, the 

 

i

 

th strain is less competitive than the 

 

j

 

th
strain.

 

Statistics.

 

 The experiments were performed in trip-
licate. The data obtained were statistically processed
using the Microsoft Excel 97 program.

RESULTS AND DISCUSSION

After the introduction of the 

 

E. coli 

 

strain Z905
(pPHL7) into AMC 1, its population decreased to a
density of 10

 

2

 

 CFU/ml within a week and remained at
this level for a year (Fig. 1). Within the incubation
period of the microcosm, 

 

E. coli

 

 Z905 (pPHL7) gradu-
ally changed its phenotypic characteristics: the variants

Sij Ni t( )Ni 0( )[ ]ln N j t( )/N j 0( )[ ] ,ln–=

 

Comparative characteristics of the bacterial strains used in this study

Characteristic
Strain

 

E. coli

 

 Z905 (pPHL7)

 

E. coli

 

 Z905-33 (pPHL7)

 

P. fluorescens P. putida

 

Intensity of luminescence (

 

I

 

max

 

), 

 

µ

 

A 100

Threshold susceptibility to
ampicillin, 

 

µ

 

g/ml
500 50

Plasmid copy number, % 100 50

 

µ

 

max

 

, h

 

–1

 

0.632 

 

±

 

 0.117 0.841 

 

±

 

 0.081 0.636 

 

±

 

 0.196 0.768 

 

±

 

 0.216

Utilization of

arabinose + – + +

xylose + – – +

glucose + + + +

galactose – – – +

lactose – + – +

maltose + – + +

sucrose – – + +

raffinose – + + +

glycerol + + – –

mannitol + + + +

sorbitol + – + +
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of this strain isolated from the microcosm at different
times of its incubation exhibited a poorer expression of
the luminescence and the ampicillin resistance genes,
as well as altered growth characteristics and carbohy-
drate utilization patterns. This can easily be seen from
the table, which presents the comparative characteris-
tics of the introduced strain, 

 

E. coli 

 

Z905 (pPHL7) and
one of its variants, 

 

E. coli 

 

Z905-33 (pPHL7), isolated
from AMC 1. Some authors also found that the long-
term incubation of bacterial cells under extreme condi-
tions may affect their metabolic activity [11–13].

The population density of indigenous microflora in
AMC 1, which was dominated by bacteria of the genera

 

Arthrobacter

 

, 

 

Caulobacter, Flavobacterium, Micrococ-
cus, Enterobacter

 

, and 

 

Pseudomonas 

 

[14], remained at
a level of 10

 

4

 

–10

 

5

 

 CFU/ml throughout the observation
period (Fig. 1). In this case, the population of bacteria
belonging to the last three genera somewhat decreased.

In further studies, we used (along with the 

 

E. coli

 

strains) two pseudomonads (

 

P. fluorescens 

 

and

 

P. putida

 

), which are most abundant in natural ecosys-
tems. Experiments were performed with the microcosms
AMC 2 and AMC 3. Bacteria were introduced into the
microcosms to a concentration of 10

 

4

 

–10

 

5

 

 cell/ml, i.e., to
the density of the indigenous microorganisms observed
in AMC 1. When the four bacterial strains studied were
separately introduced into AMC 2 and AMC 3, their
populations remained at approximately constant levels
for 2 months (Fig. 2), except the population of the
AMC-adapted strain 

 

E. coli

 

 Z905-33 (pPHL7) in AMC 2,
which increased by about tenfold.

When the pseudomonads were introduced in the
microcosms either with the nonadapted 

 

E. coli 

 

strain
Z905 (pPHL7) or with the AMC-adapted 

 

E. coli 

 

strain
Z905-33 (pPHL7), the population of 

 

E. coli Z905-33
(pPHL7) in AMC 2 remained at a level of 104 CFU/ml,
while the population of the nonadapted E. coli strain
decreased about tenfold (Fig. 3). The population densi-
ties of the introduced P. fluorescens and P. putida spe-
cies did not considerably decrease.

It should be noted that the number of cells intro-
duced into the microcosms greatly varied, making it
difficult to compare the dynamics of bacterial popula-
tions there. For this reason, in the further analysis of the
population dynamics data, we used the so-called selec-
tion rate constants (SRCs), which allow for a more easy
interpretation of these data. As can be seen from Fig. 4,
the nonadapted E. coli strain Z905 (pPHL7) dominated
the pseudomonads only in AMC 3 with the semidefined
medium, whereas the pseudomonads P. fluorescens and
P. putida were dominant in AMC 2. At the same time,
the AMC-adapted E. coli strain Z905-33 (pPHL7) domi-
nated P. fluorescens and P. putida in AMC 2 (Fig. 4). In
AMC 3, the competitive ability of E. coli Z905-33
(pPHL7) was lower than that of the pseudomonads
within 35 days of the experiment but then tended to

increase with the exhaustion of the nutrients in the
medium.

In spite of the numerous relevant investigations, the
mechanism of bacterial adaptation to altered environ-
ments remains unclear. Some authors believe that non-
spore-forming bacteria occurring under unfavorable
conditions die or transit to a nonculturable state. The
probability of the existence of nonculturable bacterial
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Fig. 1. Dynamics of (1) indigenous microflora and (2) the
introduced strain E. coli Z905 (pPHL7) in the microcosm
AMC 1.

Fig. 2. Dynamics of (1) E. coli Z905 (pPHL7), (2) E. coli
Z905-33 (pPHL7), (3) P. fluorescens, and (4) P. putida intro-
duced separately into the microcosms AMC 2 and AMC 3.
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Fig. 3. Dynamics of (1) E. coli Z905 (pPHL7), (2) E. coli Z905-33 (pPHL7), (3) P. fluorescens, and (4) P. putida introduced by pairs
into the microcosms AMC 2 and AMC 3.
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forms is the subject of extensive discussion in literature
[12, 13, 15–17]. In this paper, we will not consider this
problem. It should be noted, however, that the observed
decrease in the population density of the introduced
bacteria may be due, at least partially, to the formation
of nonculturable bacterial forms.

Thus, the recombinant bacterial strains introduced
into microcosms undergo adaptation, which facilitates
their coexistence with indigenous microflora. The con-
current decrease in the expression of the cloned genes
promotes the adaptation of the introduced recombinant
strains. Therefore, it is necessary to evaluate in relevant
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Fig. 4. Selection rate constants of E. coli Z905 (pPHL7), E. coli Z905-33 (pPHL7), P. fluorescens, and P. putida introduced by pairs
into the microcosms AMC 2 and AMC 3.
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studies the competitive ability not only of the original
recombinant strains but also of their variants adapted to
the environment into which these strains are to be intro-
duced.
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