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A BACTERIAL CONSORTIUM ATTENUATES THE LOW-DOSE
GAMMA-IRRADIATION EFFECT IN KALANCHOE PLANTLETS

The ability of plants to protect themselves against ionizing radiation is limited. One of the ways how to alleviate irradiation consequences
in plants is to use plant-associated bacteria for inoculation. Two defined plant growth promoting bacterial strains were used for
inoculation Kalanchoe daigremontiana plantlets before acute irradiation with y-quanta (*°Co). The lethal y-rays doses were 3.0 kGy
for Klebsiella oxytoca IMBG26, and 500 Gy for Paenibacillus sp. IMBG156. The bacteria expressed the increase of the pelX promoter
activity after sublethal dose irradiation. The pelX promoter activity that was measured as activity of B-galactosidase of the pelX::lacZ
fusion in K. oxytoca (pGalP) was 0,88 mkM/ml-min after exposure to 2.0 kGy, e.a. 80 % of the control (untreated) bacterial activity,

although the irradiated bacterial population comprised 1.25 % of control one. Integrated index of plantlets development which was
relied on both root number and root length reflected fluctuations in metabolic processes in irradiated plantlets without treatment with

bacteria. Stabilizing stress-reactions occurred during 10 days after irradiation at different doses (30, 50, 70 Gy), however, index of
growth (IG) remained at the level of 30—60 % to control plantlets. The effect of irradiation on kalanchoe plantlets was relieved by
bacteria at doses of 30 and 50 Gy, moreover, IG was observed at levels of 500 and 200 %, respectively. A 30 Gy dose was obviously
stimulating for K. daigremontiana plantlets. Intense root elongation, instead of development of new coronal roots, led to fast adaptation

to stressful conditions and normalization of metabolic processes in kalanchoe plantlets. However, integrated index showed inhibition of
both inoculated and non-inoculated plantlets development after getting a 70 Gy dose.

INTRODUCTION

Plants have adapted to respond to abiotic stressors at
the molecular, cellular, physiological, and biochemi-
cal levels, enabling them to survive. It is suggested
that Ionizing Radiation (IR) tolerance in plants re-
lied not only on general but species-specific defense
systems [5]. Exposure plants to a low dose rate of IR
leads to an efficient induction of anti-oxidant enzyme
activitiesinvolved in plant protection against reactive
oxygen species [24]. A DNA hypermethylation that
prevents genome instability is viewed as a defence
strategy of plants, allowing survival in the extreme
environment [9]. Plant cell protein, as well as storage
proteins play roles in plant adaptation mechanism to
radioactivity [5, 21]. Various plant species differ in

sensitivity to radiation, depending on efficiency of
defense mechanisms. For example, acute irradiation
(60 Gy) of pine (Pinus sylvestris) resulted in death of
pine trees near the Chernobyl atomic power station
[1]. By contrast, the lethal dose for Arabidopsis was
estimated to be more than 150 Gy [8].

To relieve the hazardous effect of IR in plants
might involve the use of microorganisms [20]. The
extremely radiation-resistant species of bacteria can
survive acute exposures to ionizing radiation and can
grow under chronic IR (60 Gy/hour) [14]. For ex-
ample, Deinococcus radiodurans can survive levels of
IR (10 kGy) that induce approximately 100 DNA
double-strand breaks (DSBs) per genome, whereas
Shewanella oneidensis is killed by levels of IR (0.07
kGy) that result in 1 DSB per genome. Microbes
have evolved several mechanisms to tolerate IR. M.
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Daly with co-authors (2004) suggested that in resist-
ant bacteria the degree of resistance is determined
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not by efficient DNA repair system, but by the level
of oxidative protein damage caused during irradia-
tion. Their hypothesis of extreme IR resistance in D.
radiodurans is that non-enzymic Mn(II) complexes
present in resistant bacteria protect proteins, but not
DNA, from oxidation during irradiation, with the re-
sult that conventional enzyme systems involved in re-
covery survive and function with far greater efficiency
than in sensitive bacteria [3, 4]. The proposed mech-
anism of extreme IR resistance requires a high intra-
cellular Mn/Fe concentration ratio. Except genes
involved in manganese import, the genes coding for
nutrient import and DNA repair are likely important
for survival and adaptation of deinococci to its hostile
environment [6]. Other radiation-resistance mecha-
nisms are in relationship to protective systems such
as antioxidative enzymes which involve peroxidase,
catalase, and superoxide dismutase [13]. These bacte-
rial enzymes represent an important defensive system
against reactive oxygen species induced by hydrogen
peroxide and/or radiation. Several bacteria possess a
substantial amount of non-enzymatic systems (e. g.,
vitamins A and E) which contribute to the resistance
phenomenon against the deleterious effects of radia-
tion damages.

Two dual strains of bacteria, Klebsiella oxytoca IM-
BG26 and Paenibacillus sp. IMBG156, are known as
plant growth promoting bacteria [10] which relieve
the effect of heavy metals on the plant [23]. The ob-
jective of this study was to define whether the consor-
tium of plant-associated bacteria is capable to allevi-
ate y-irradiation effect on kalanchoe plantlets.

Table 1. Strains and Plasmids Used in the Study

MATERIALS AND METHODS

Bacteria and media. Bacterial strains and plasmids
used in this study are listed in Table 1. Bacteria were
grown in following nutrient media: Paenibacillus sp. in
M9 [16] at 28 °C 24 hours, E. coli and K. oxyfoca in LB
[16] at 37 °C during 18 hours. Rifampicin (100 mg/
ml) and ampicillin (50 mg/ml) were added to nutrient
media when appropriate. For acute IR (®°Co) expo-
sures to doses of 30, 50, 70 Gy, late logarithmic-phase
cultures were used. Colony-forming units (CFU) were
determined by plate assay, using culture dilutions and
spreading on appropriate agar plates. Three independ-
ent irradiation treatments of the same kind were per-
formed and served as biological replicates for deter-
mining irradiation resistance profiles.

DNA manipulations (the plasmid DNA isolation,
DNA restriction with endonucleases and ligation,
DNA fragment isolation from agarose gel) were per-
formed according to the recommendations given by
Sambrook et al. [19]. Smal and PsfI purchased in
Fermentas (Lithuania). Plasmid transformation was
performed as recommended by Nishimura et al. [18].
A search for promoter sequences was carried out with
the use of the program Neural Network Promoter
Prediction (http://www.fruitfly.org/seq_tools/pro-
moter.html).

Biochemical analyses. Beta-galactosidase activity
was measured as recommended by J. Miller [16]. In-
ductors Glycerine, Glucose, Na-Polygalacturonate
were added when appropriate at a concentration of
0.2 %. The plant extract was prepared as described
in [12].

Strain or Plasmid

Genotype or Phenotype

Origin

Escherichia coli IM109

recAl, endAl, gyrA96, thi, hsdR17, supE44, relAl ),

Institute collection

A(lac-proAB), F', traD36, proAB, lacl®ZAM 15

RifT, Ap*, wild type
PelX-, Ap®
wild type

Klebsiella oxytoca IMBG26 (VN13)
Klebsiella oxytoca IMBG27
Paenibacillus sp. IMBG156

pLC28P
pCB192 promoterless lacZ
pGalP pelX::lacZ

the 3-kb EcoRV- Sacl fragment, carring the pe/X gene; Ap®

Institute collection
Institute collection
Institute collection
Institute collection

Institute of Microbiology,
Bayreuth University, FRG

Institute collection
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Fig. 1. The scheme of fusion of the pelX gene promoter with the lacZ gene coding part. Stop codons that terminate translation
are marked with frames, the ribosome binding site are marked with circles. The beginning of the /acZ gene and the translated
amino acid sequence is displayed. The fusion is used to measure the -galactosidase activity in irradiated bacterial population

Plantlets inoculation was performed with the 1:100
diluted overnight cultures mixed in equal aliquots.
One-size two-leaves plantlets where dropped into the
mixed culture (10° CFU/ml) for 20 min a day before
irradiation.

Plantlets irradiation was performed on MPX-y-
25M (Institute of Physics of NASU) with the use
of doses of 30, 50, and 70 Gy. Plant inoculation was
done with K. oxytoca IMBG26, and Paenibacillus
sp. IMBG156 a day before irradiation. After irradia-
tion the plantlets were put onto 2.0 % agar medium
and photographed every day under standard condi-
tions within 20 days. The root length was measured
in pixels using the tpsDig v.2 program. The increase
of both root length and number of roots under some
dose n was determined by Index of Growth (IG):
IG, = N/N,, where N, is number of roots in a day
i, N, denotes number of roots in the first day. IG of
control untreated plants (IGc) was taken as 100 %,
and IG of experimental plants (IG,) corresponded
with control: (IG, /IG) - 100 % =K .

The statistical analysis of the significance of differ-
ences between means was based on Student’s 7-test
(P <0.05).

RESULTS AND DISCUSSION

A translation fusion pelX::lacZ construction. We con-
structed the translation fusion of the pe/X promoter
with the coding part of the /lacZ reporter gene to
monitor the exopectate lyase gene expression by bio-
chemical analysis (Fig. 1). The pelX was identified,
cloned, and sequenced earlier [11]. A promoter part
was determined based on a full gene nucleotide se-
quence inserted in pLC28P, and the Smal- PstI frag-
ment was restricted and transferred into pCB192,
carring the promotorless lacZ gene. The resulted
pGalP contained both three stop-codons that termi-
nated translation within three reding frames and a
ribosome-binding site, allowing the lacZ gene trans-
lation (see Fig. 1). So far mRNA was being tran-
scribed from the pe/X gene promotor and translated
into pB-galactosidase. Resulted pGalP was introduced
in both E. coli IM109 and K. oxyfoca IMBG?27.
Comparative studies on expression of the
pelX::lacZ fusion in FE. coli and K. oxytoca using such
inductors as a plant extract, sodium polygalacturo-
nate, glycerine or glucose showed a low constitutive
level of the pelX expression in K. oxytoca, as well in-
complete derepression effected by these inductors.
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Fig. 2. The effect of acute doses of ionizing radiation (°Co)
on a state of primary root system of Kalanchoe daigramon-
tiana without (a) and using plantlet inoculation with plant
growth promoting bacteria () reflected with integrated toler-
ance index which comprises both the number and length of
primary roots. IG (Index of Growth) reflects an increase of
root numbers at the certain dose n: IG, = N, /N, where N,
is the root number at the estimated day, N, denotes the root
number at the first day. For representation of all doses effect,
IG, of control plantlets is accepted as 100 %, other indexes
corresponded as (1G, /1G )-100 % = K

B-Galactosidase activities of the pelX::lacZ fusion
in E. coli IM109 and K. oxytoca IMBG?27 are repre-
sented in Table 2.

Irradiation of model bacteria. Acute irradiation
with y-quanta showed that the sublethal dose for K.
oxytoca IMBG26 was 2 kGy, and for Paenibacillus
sp. IMBG156 it was 300 Gy. As compared to other
bacteria, selected species were not highly resistant to
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IR. After exposure to a sublethal dose the K. oxytoca
(pGalP) pelX gene activity was 0.88 mkM/ml-min,
e.a. 80 % of control (untreated) bacterial activity, al-
though the irradiated bacterial population comprised
only 1.25 % from control one (Table 3). These data
may show an increased level of the pelX gene expres-
sion in irradiated bacteria as compared to untreated
ones. The conclusion was done that a low-dose IR
was not harmful for model bacteria.

Effect of bacterial inoculation on morpho-physio-
logical parameters of irradiated plants. A state of root
meristem as the most sensitive to external factors was
taken into account for the evaluation of kalanchoe
plantlets radiotolerance in a period of embryogenesis.
After a low-dose gamma irradiation both a number
and length of roots were measured, as well as aver-
age length of a root system taken as a ratio of aver-
age root length to average root number. As seen from
Fig. 2a, a reaction of plantlets on irradiation without
bacterial inoculation was not unimodal. In the next
day after acute irradiation the plantlet roots showed
an increased growth as compared to untreated plants,
however, a sharp intensity of metabolic processes re-
sulted in growth inhibition. At the end of the first
week a small activation of metabolic processes was

Table 2. B-Galactosidase Activity of the pelX::lacZ Fusion
in Escherichia Coli JM109 and Klebsiella Oxytoca IMBG27

[B-galactosidase activity,

Inductors, 0.2% mkM/(ml-min)

E. coli (pGalP) | K. oxytoca (pGalP)*

Glycerine 27.55 3.21
Glucose 16.69 2.07
Na-Polygalacturonate 18.7 6.95
Plant extract 28.5 3.31

* The result was obtained when bacteria grew on antibiotic-
containing medium as the indication for bacteria conferring
plasmid.

Table 3. B-Galactosidase Activity of Irradiated
Klebsiella oxytoca (pGalP)

Strain The p;l]i(hﬁ;o(ﬁol.[ziic)ﬁvw’ Average CFU/ml
K. oxytoca (pGalP) 1.08 4-10°
(control)
K. oxytoca (pGalP) 0.88 5-107

(irradiated; 2 kGy)
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seen again, however, it was below the control level,
except a variant exposed to a 30 Gy dose. Integrated
index of growth (1G), displaying dependence of av-
erage root length on doses of acute ionizing radia-
tion, includes both parameters mentioned above, and
seems to be more systemic in evaluation of IR effect
on the plantlet. In this experiment, the integrated
index reflected a fluctuation of metabolic processes
in noninoculated plantlets which resulted in a stabi-
lizing stress-reactions within 10 days after the irra-
diation; IG remained at the level from 30 to 60 % as
compared with the control plantlets (see Fig. 2a).

In experiments on inoculations, Paenibacillus sp.
IMBG156 and K. oxyfoca IMBG26 were used for ka-
lanchoe plantlets treatment. The effect of irradiation
on kalanchoe plantlets was relieved by bacteria, how-
ever, this varied in dependence on an implemented
dose (Fig. 2b). Integrated index showed inhibition
of inoculated plantlets development after getting a
70 Gy dose. This IR dose appeared injured root cap
meristem and inhibited root elongation. However,
lower doses, both a 30 and 50 Gy doses, accepted by
plantlets more easier after bacterial inoculation than
by the control plantlets. Moreover, IG was observed
at levels of 500 and 200 %, respectively. Intense root
elongation instead of roots bearding led to fast plant
adaptation to stressful conditions and normalization
of metabolic processes in the irradiated plantlets.
M. Melki and B. Sallami [15] tried to explain the
stimulation of the root system after low-dose IR with
the availability of more soil volumes to the plants to
explore and therefore to support better water short-
ages by keeping more hydrated tissues and less dam-
aged cell membranes at least during their first devel-
opment stages. By all means, the volume of a root
system plays a major role in plant survival under ad-
verse conditions, and plant growth promoting bacte-
ria activated this instrument of plant protection.

In this study the bacterial consortium alleviated the
negative effect of gamma-irradiation on the plantlet
root system development at doses of 30 and 50 Gy.
Survival in the plant world depends on the ability to
resist not only diseases, but also changes in the physi-
cal surroundings. There are several common elements
responded on abiotic stressors in terrestrial plants, and
repression of growth-related genes is one of them [7].
Model plant growth promoting bacteria increased the
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root length in irradiated kalanchoe and probably pre-
vented repression of the genes related to plant growth.
We may also speculate that acquisition of tolerance
to 30 and 50 Gy doses in kalanchoe plantlets may
be explained with induction of systemic tolerance to
abiotic stressors by bacteria, however, this should be
investigated in further studies. It is known that the
rhizosphere microbes can protect plants against such
environmental stressors, like heavy metal toxicity,
salt, and drought via induction of systemic tolerance
[22]. Reactive oxygen species (ROSs) are produced
intracellularly in response to various stressors due to
malfunctioning of cellular components, and have
been implicated in many different signaling cascades
in plants [17]. Protection against ROS is at the basis
of every stress response, and bacteria may alleviate
oxidative stress. Earlier we showed that stimulation
of plant antioxidant system and phenolics production
under assistance of plant-associated bacteria resulted
in heavy metals tolerance in soybeans [23].
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BAKTEPIMHUIM KOHCOPLIIYM ITOCJIABJIIOE 110
TAMMA-PAIIALII HU3bKOI O3U BJIMCTKOBUX
BPYHBKAX KAJJAHXOE

31aTHICTh POCIMH 3aXMUIIATU cebe BiJ i0Hi3yI0UOTO OTpOo-
MiHEeHHS € 06MexXeHor. OIHUM i3 3ac06iB IMTOJIETIIUTH Ha-
CJIIIKM OMIPOMiIHEHHSI POCIMH € BUKOPUCTAHHS IS iXHBOT
iHOKYJIsALiT OakTepiit, acouiiioBaHux 3 pociuHamu. s
IHOKYJISALi1 TUCTKOBUX OpyHbOK Kalanchoe daigremontiana
OyJaM BUKOPUCTaHI ABa BUAMU OaKTepiil, AKUMU 0OpoOJIs-
JIW POCJIMHU Tiepes onpoMiHeHHSIM y-kBaHTaMu *Co. Jle-
TaJTbHUMHU J03aMU y-oTnipoMmiHeHHs st Klebsiella oxytoca
IMBG26 6ymu 3 xI'p, a minst Paenibacillus sp. IMBG156 —
500 I'p. bakrepii moka3zanu miaBUIIEHHS (i3ioa0riyHOL
aKTUBHOCTI TIicjs cyOJsieTalbHOI 103W paniallii. AKTUB-
HicTb pelX MpomMoTopa, 1110 BUMipIoBajach 1K aKTUBHICTh
B-ranakro3unasu rteHa pelX::lacZ, mnepeHeceHoro B K.
oxytoca (pGalP), oyma 0.88 MKM/(MJI'XB) IIiCJISI OTIpO-
MiHeHHs 103010 2 KI'p, mo ckiagae 80 % Big KOHTPOJIIO
(HeompoMiHeHa KyJbTypa), Xoua OMpoMiHeHa OaKTepiaib-
Ha MOMyJIsiiist cTaHoBMIIA juine 1.25 % Bil KOHTPOJIBHOI.
KoMIutekcHUIT MOKa3HUK PO3BUTKY POCIWH, SIKMA BH-
3HavyaJii 3a YUCJIOM i JOBXHHOIO KOPEHiB, BigoOpaxaB
KOJIMBaHHSI OOMiHHUMX TIPOIIECiB B ONPOMiHEHil poCiauHi
06e3 00pobOku OakrtepisimMu. Crabimizaniss crpec-peaxiii
BinOyBaacs yepe3 10 ai0 rmicjist onmpoMiHEHHS MPU Pi3HUX
no3ax (30, 50, 70 I'p), ongHak 30iJIbIIEHHS iHAEKCY POCTY
(IP) 3anummranock Ha piBHi 30--60 % mo KoHTposto. Bruins
OMPOMiIHEHHS Ha KaJlaHXoe MocyabiiioBaBcs OakTepissMu
mpu po3ax 30 i 50 I'p. Kpim toro, IP crmoctepiraBcs Ha
piBui 500 i 200 % BinmosimHo, a mo3a 30 I'p, oueBUIHO,
OyJia CTUMYJIIOIOUOIO 7151 po3BUTKY K. daigremontiana. 1H-
TEHCUBHE MOJOBXEHHS KOPEHsI, 3aMiCTh PO3BUTKY HOBUX
MOYKYBaTUX KOPiHLIB, MPU3BEIO A0 IIBUIAKOI amarTallii
JI0O CTPECOBMX YMOB i HOpMaJi3alii 0OMiHHMX TMPOLECIB Y
Kajlanxoe. Pa3oM 3 TUM KOMITJIEKCHMI ITOKa3HUK TTOKa3aB
raJbMyBaHHSI PO3BUTKY JIHCTKOBMX OpPYHBOK KaJaHXO0e
nicyust orpuManHs no3u 70 I'p.
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