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Model experiments on conjugal plasmid transfer between bacteria in the wheat rhizosphere under simulated
microgravity (SMG) were performed to evaluate potential of natural gene flow and risk of genetic
recombinations in microorganisms in space gardens under stressed conditions of space flight. Strains of
bacteria Klebsiella oxytoca IMBG 26, Pseudomonas sp. 7, P. putida 9, Agrobacterium tumefaciens 9023,
Escherichia coli S-17 were selected for matings in the wheat microcosm on a clinostate with horizontal mode
of rotations within a ten-day period. Transfer of pNARSLux was not detected in both clinorotated and
control variants in sterile conditions. The changed vector of gravity influenced both plant development,
resulted in a shorter seedling heights, and in bacteria spread on the surface of wheat roots resulted in a less
amount of cells. In both variants of experiments (normal gravity and SMG) positive impact of bacteria on
wheat seedling development is displayed as compared with control noninoculated plants.

INTRODUCTION

Space flight exposes human beings to physiological
and psychological health risks from radiation, reduced
gravity, and isolation. One of the means that will
reduce psycho-emotional loading to astronauts in
space and planetary environments is a space garden.
As far the garden is higly populated by microor-
ganisms, it is a potential environment for a gene
transfer, DNA recombination, and for a selection of
organisms with novel characteristics. This should be
encountered during manned space flight and invested
more effort in investigation of impact of cosmic stress
factors on behavior of microorganisms.

Conjugative transfer of bacterial plasmids is the
most efficient way of horizontal gene spread, and it is
therefore considered one of the major reasons for
study of bacteria in space gardens. Horizontal gene
transfer, the intraspecies and interspecies exchange of
genetic information, plays an important role in ac-
comodation of bacteria enabling them to rapidly
respond to environmental challenges [2]. The most
important contributor to horizontal gene transfer is
the heterogeneous group of mobile genetic elements
that includes plasmids, insertion elements,
transposons, integrons, phages, and genomic islands
[1, 12, 21].
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Conjugation is one of the three major mechanisms
(along with transformation and transduction), that
provide bacterial populations with access to a
“horizontal gene pool”. It should be taken into
account that the barrier of horizontal gene transfer
may be eliminated in the space environment. Plas-
ticity of bacterial genome may create novel recom-
binant plasmids or other genetic elements by means
of in vivo successive transpositions of elements from
chromosome, and it may result in recombination
processes and formation of organisms with unpre-
dicted traits [18]. Mobilizing or retromobilizing plas-
mids present in indigenous soil bacteria could poten-
tially still effect the transfer of the less mobile
heterologous DNA via chromosome or plasmid
mobilization, which may involve cointegration [6].
Such plasmids might thus be responsible for the
escape of the DNA elements from bacteria introduced
into soil. Our experience shows that acquisition of
plasmids by pathogenic bacteria led to an increase of
their aggressiveness [9]. We may postulate that risk
of GMO formation and than colonization of ap-
propriate niche without selective pressure might be
higher in space flight than on Earth.

Gene transfer in soil via conjugation has received
much attention, and the focus of most studies has
been the transfer and fate of introduced plasmids [3,
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Table 1. Stability of the Lux’ plasmids in Klebsiellaoxytoca
IMBG 26

Percentage of the stable clones after n generations

Strain

10 20 50 100
pVG37Lux* 12 2 <1 —
pKAS18Lux* 86 78 34 1
pBR322Lux* 3 <1 — —

PNARSLux 100 100 100 98

* Plasmids from laboratory collection.

15, 17, 18, 20, 26]. It was assumed for a long time
that gene transfer between different species of
microorganisms is a very rare event; later, however, it
was shown that under favorable conditions, in specific
soil microhabitats, or under selection conditions, both
self-transmissible and mobilizable plasmids present in
introduced hosts can be transferred to introduced
recipients, as well as to a variety of indigenous
bacteria [11, 14, 23] in different microhabitats,
including plant tissue [9], and even human cells [4].
To our knowledge, rhizospheres of plants also provide
conditions conducive to conjugal plasmid transfer
between bacterial inhabitants [11, 23, 23].

There is a paucity of knowledge concerning the
effects of cosmic factors on plasmid prevalence and
transfer [7]. Stresses, resulting from microgravity and
other cosmic factors, may enhance plasmid transfer
between bacteria, whereas it has been suggested that
chemical stress has been found to exert an enhancing
effect [8]. In this report we describe experiments
aiming to shed a light on conjugation that may take
place in bacterial populations colonized the plant in
under simulated microgravity.

Evaluation of a pattern of bacteria colonization.
Bioluminescence method was used for evaluation of
colonization and survival of bacteria in the rhizo-
sphere when a colonization pattern of the plant in
microcosms can be visualized by naked eyes in
darkness. pNARSLux served for this purpose [10]. As
experiments showed the plasmid was stable within
many generations of bacteria (Table 1), and it could
be used in long-term experiments. Data of experi-
ments on planting of inoculated seeds of wheat
(Triticum aestivum var.Katyusha) and mustard
(Brassica arvensis) into different substrates exhibited
a full-length colonization of roots of both plants by
the Lux+ K. oxytoca within 10-12 days (mineral
substrates) or 8 days (the agar medium). Another
variant of inoculation was an injection of bacterial
suspension into a spot near untreated 7-day old roots
through a window in a cultivation chamber (CC).
Roots of all seedlings grown in the agar substrate
were colonized in full after 7 days (Figure).

Figure. Bioluminescence of the marked bacterium K. oxyfoca VN13
(pPNARSLux) on roots of the plants. On top — in a light; below —
in a darkness

Conjugal transfer of replicative plasmids. Experi-
ments were performed in a microcosm that allowed us
to work under sterile conditions. Polypropylene con-
tainers (200 by 355 mm) were used to produce
microcosms. The microcosms were planted with three
pregerminated wheat seeds. They were incubated for
10 days in a climate chamber with a light-dark cycle
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Table 2. Transfer of recombinant plasmids from E. coli to
Gram-negative bacteria in vifro experiments

Plasmid Recipient Frequency of transfer
pSUP2021 K. oxytoca 2.0-107°
Pseudomonas sp. 2.0-1077
P. putida 2.0-1077
A. tumefaciens. 1.0-107°
pNARS K. oxytoca 2.0-1073
Pseudomonas sp. 0.5-1077
P. putida 2.0-10°°
A. tumefaciens. 9.0-10°°
pNARSLux K. oxytoca 2.0-107*
P. putida 1.0-1077
A. tumefaciens. 7.0-10°°
K. oxytoca 5.0-107°
pCAM120 Pseudomonas sp. 0.5-107°
K. oxytoca 1.0-10°°

of l6and 8h at 20C in different substrates. The
natural conjugal gene flow in gram-negative bacterial
pairs in wheat rhizosphere in different substrates of
microcosm has been studied in normal gravity: a) an
agar medium; b) sterile lecatone; ¢) nonsterile lecaton
and zeolite; d) nonsterile lecaton and peat. Clinorota-
tions of microcosms have been performed at Kyiv
State University in horizontal mode during 10 days,
using universal clinostate «Cycle-2».

Plasmids pSUP2021 [16], pNARS, and pNARSLux
[10] were used in microcosm experiments. For mating
experiments the donors, E. coli, harbored plasmid
which conferred resistance to antibiotics and the
recipients that had chromosomal rifampicin resistance
marker (P. putida, Pseudomonas sp. 7, A. tume-
faciens 9023, K. oxytoca IMBG 26) were used. Thus,
transconjugants could be enumerated by isolating
from roots and plating on selective medium, contain-
ing two antibiotics directed against both donors and
recipients, as well separately donor and recipient have
been enumerated on plates with appropriate an-
tibiotics.

On agar plates transfer of plasmids pSUP2021,
pNARS, and pNARSLux from E. coli strains to
selected bacteria varied at frequencies from 2.0-107
to 2.0-1077 transconjugant per recipient when experi-
ments were performed in selective conditions (in
presence of antibiotics used against parents) (Table 2).

In the wheat rhizosphere plasmid transfer has been
examined between donor E. coli S-17 and recipients
P. putida, Pseudomonas sp. 7, A. tumefaciens 9023,
K. oxytoca IMBG 26. In microcosms we tried to detect

natural gene flow, without selective pressure. Wheat
seeds were surface sterilized, germinated within 2
days, and inoculated with suspension of donor first
and recipient a day later (both 10’ cfu/ml). Procedure
of isolating of putative transconjugants was following:
100 mg roots were minced in aseptic conditions, a
crushed tissue diluted and spread on selective agar
plates. In variant P. putida — E. coli S-17 (pNARS
lux) (agar or lecaton substrates) a plasmid transfer
was very low (less 107). Between pairs of E. coli —
A. tumefaciens 9023, E. coli — K. oxytoca IMBG 26,
and E. coli — Pseudomonas sp. 7 transconjugates
were not revealed in either case.

Exchange of genetic material between E. coli S-17
(pSup2021) and Pseudomonas sp. 7 was modeled in
variant when bacteria were introduced into the rhizo-
sphere separately in a 2 day interval. In such a
variant transconjugants were not detected, even after
a supplement of glucose (2 %, final concentration)
into substrates with aim to enhance multiplication of
bacteria.

There were conditions for matings between bacteria
of microcosm in nonsterile conditions when mixtures
lecaton — zeolite and lecaton — peat were used as
substrates, however, matings occurred between donors
E. coli and indigenous bacteria originated from sub-
strates.

Exchange of genetic material between E. coli S-17
(pPNASLux) and Pseudomonas sp. 7 and E. coli S-17
(pNASLux) and K. oxyfoca IMBG 26 in the rhizo-
sphere of wheat grown in agar substrate was modeled
under conditions of simulated microgravity (SMG).
SMG is generated in a clinostate. By rotating at
constant velocity around horizontal axis an environ-
ment is produced in which the gravitational vectors
are randomized over the surface of the plant, resulting
in an overall-time-averaged gravitational vector.
Wheat seeds were surface sterilized, germinated
within 2 days, and inoculated in two variants:1) first
— with donor cell; 2) first with recipient cells. After
2 days second partner was used for inoculation,
respectively. Controls were kept at normal gravity.
Clinorotations were performed during 10 days.
Results of a transcojugant search were not successive
(Table 2), that may mean that horizontal rotation
either does not favour a mating between partners or
donors and recipients overgrow newly formed
transconjugants, and latter, being less competitive, do
not survive (1); there is no quorum (not enough
bacterial cells) for making contacts in microhabitats as
a consequence of deregulation of a quorum sensing
under SMG (2) [3].

Conjugal transfer of suicide plasmid. Transposon
migration has been simulated among bacteria of
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Table 3. Matings of bacteria in the wheat rhizosphere under
simulated microgravity

Table 5. Number of Klebsiellaoxytoca IMBG 26 cells isolated
from the wheat root under simulated microgravity

Transcojugants Donor, Recipient,
Variant Kmr, Rifr, cfu/g Km" cfu/g Rif" cfu/g
E. coli — Pseudomonas
Control 0 46+1.5-10° 24=3.6-107
Clinorotation 0 1.1 +5.3-10* 8.0=7.0-10°
E. coli — Klebsiella

Control 0 6,2+21-10° 2.4+20-10%
Clinorotation 0 1.4+ 3.3-10* 1.5+ 5.4-10°

Table 4. Height of the wheat shoots under simulated
microgravity

Variant of microcosm Height of shoos, mm

Inoculated Wheat 21.0 £ 0.2
Noninoculated wheat 20.0 £ 0.2
Inoculated Wheat (clinorotation) 16.3 +0.3
Noninoculated wheat (clinorotation) 15.0+0.2

rhizosphere population, using a suicide vector that has
been mobilized from a donor cell of bacterium to a
recipient one. Transposon mTn5SsgusA20 which con-
fers a Paph-gusA-trp cassette, containing reporter the
gusA ( beta -glucuronidase) gene, was inserted into
suicide vector pCAM120 based on pUT/mini-Tn3 and
introduced to a mobilized strain of E. coli [27].
Two-parental mating between E. coli, conferring
transposon, and two strains of bacteria — K. oxyfoca
and P. fluorescens has been simulated in on plates at
first. Frequency of transposition of mTn3SsgusA20
was evaluated in recipient strains as 107° cfu/ml.
Two-parental matings between E. coli (pCAMI120)
and Pseudomonas sp. 7 have been performed in the
wheat rhizosphere (lecaton substrate placed into CC).
A frequency of transposition of mTn5SsgusA20 was
6.0-10°° transposant/donor-g. Under conditions of
SMG transposants were not detected.

Impact of simulated microgravity on microcosm
organisms. Two different results exhibited impact of
SMG on microcosm organisms. 1) A wheat growth of
rotated variants was smaller (Table 3). Height of
shoots, length of roots, and biomass of 12 day-old
wheat seedlings under clinorotation were less than in
control variants. This is in agreement with data of
L. T. Mischenko that produced wheat microcosms in
SMG [13].

2) Total number of bacteria isolated from the wheat
root in rotated variants was smaller (per gram)
(Table 2, 4). Survival of donor cells in the wheat
rhizosphere under SMG appears to be more poor than

Variant K.oxytoca, cfu/g E.coli, cfu/g
Inside roots 5.0-10° 4.4-10*
On the surface 2.4-10% 4.1-10°
Inside roots (clinorotation) 1.0-10° 1.0-10*
On the surface (clinorotation) 1.5-107 1.7-10%

in normal gravity, and data coincide with earlier
results got by Ukrainian researchers under a leader-
ship of V. A. Kordyum from a series of flight
experiments [22].
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MOJIEJKOBAHHS MEPEMIIIEHHY ITJIA3ZMIIN pNARSLux
Y PU3OCDEPI IMIIEHUIII 3A YMOB IMITOBAHOI
MIKPOTPABITALIIL

M. B. Kosaiabuyk, B. B. Herpyupka, I'. JI. KOBTYyHOBUY,
0. B. Jlap, O. C. Kopuiituyk, 1. C. Porymnekuii, A, I1. Aanaros,
H. O. Ko3upoeceka, B. A. Koparom

V KoHTEKCTi HEOOXigHOCTI TepenfaueHHs MepeMilieHHs] IeHiB Mix
GakTepiaMM Ta OLIHKYU PUSHKY BUHUKHEHHS PEKOMOIHAIIMHUX MO
y MiKpoopraHiaMiB y KOCMiuHill opaHxepei mig gac CTPECOBUX yMOB
KOCMIYHMX MOJIBOTIB IPOBEACHO HU3KY MOJAEJIbHUX E€KCIIEPHUMEHTIB 3
MEPEHOCY KOH'IOTATMBHOI IUIa3MifM MK Oakrtepismu y pusocdepi
mmenuni. [ltamu Gakrepiit Kiebsiella oxytoca VN13, Pseudomonas
sp. 7, Agrobacterium sp., Escherichia coli S-17 6yno obpano ans
MOJIEJTIOBAHHS TIEPEMIIEHHS] T€HETUUYHOrO MAaTepiany Mix Oakre-
pisMu y MIKpOKOCMi NIIEHUIi 3a yMOB iMiTOBaHOi Mikporpasitanii
(IMT"), 9Ky CTBOPIOBAJIM Ha KJMHOCTATI TIPU TOPUIOHTAJIBHOMY
obeprauni MiKpOKOCMY HABKOJIO Oci mportsarom 10 pi6. V xomHomy 3
BapiaHTiB He 3HANEHO nepeHocy riasminu pNARSLux Gakrepismu
y crepuibHux ymoBax. IIpore pig IMIT BugBIsUIacd y NOBiIbHIIIOMY
PO3BUTKY POCJAMH Ta 3MEHIIEHHI KLIBKOCTI GakTepiii HA MOBEpXHi
KopinHsg muenuni. B o6ox sapianrax pocuiaie (IMI' ta HOpMasibHA
rpaBiTaifist) MPOCTEXKYBABCS MOBUTHBHMII BILIUB OakTepiii HA pO3-
BUTOK POCJIMH y THOPIBHIHHI 3 KOHTPOJEM pociuH Ge3 BBEIEHHS
GakTepiit.





