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Summary

Calli cultures of higher plants cultivated for a long-time in vitro conditions are characterized by
higher resistance to y-irradiation. The causes of this resistance are both genetic and epigenetic
induced factors including cultivation conditions and exogenous growth regulators.

The y-irradiation of "7Cs with the doses D=1, 5, 10, 100 and 500 Gy applied on the partially
synchronized peanut calli cultures showed that small doses D& 1, 5> Gy had a slight stimulation
effect on the growth processes. Inhibition of the growth began for the dose D>100 Gy. Dose LDs
reached 250+50 Gy. Necrose was not detected but cells of calli cultures changed their color.
Stimulating doses D& 1, 10> Gy of y-irradiation decreased morphological polymorphism of cells
and nuclei. Gene expression was changed in the first minutes after irradiation. The spectrum of
proteins and polypeptides synthesized de novo changed depending on the doses used. Protein Hsp60
was registered only for doses D=100 and 500 Gy. Proteins connected with the apoptosis pathway
(p21, p27, and p53) were synthesized in two waves, the first appeared between 24-48 hours after
irradiation and the second appeared in the stationary growth phase. Changes in the content of
GTP-binding proteins as well as auxin and cytokinin binding proteins are indicated by their
participation in post-radiation repair mechanisms. The role of rad genes is discussed.
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INTRODUCTION

The biological effects of irradiation were observed
very quickly after its discovery. At the beginning of
20-century, DeSauer (In Timofeev-Resovski et al.
1968) discovered the biological effect of irradiation
from the biophysical point of view. From this time
radiation effects on biological systems were
intensively studied. The y-radiation of Pcs

(E=0.662 Mev, A=1.8788 pm, LTE[0.2 keV/pm)
lost its energy in cells via Compton (ionization
molecules) and photo-effect (full lost of energy).
The dissipative energy of y-quanta along their tracks
in the cell creates d-clectrons ionizing molecules of
H,O and other cells biomacromolecules. Oxide,
peroxide and other radicals of H,O changed redox-
potential on the intracellular membranes, enzyme
activity and their structure conformation. Changes in
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the valence of PO,” ion effected the rate of
phosphorylation and energy of diesteric bonds in
DNA (Eidus 1979, Hérouart et al. 1993, Yin et al.
1998). Irradiation affected synthesis on protein p21
(cyklin-dependent  inhibitor), p53  (apoptosis
pathway) and pRb (Yin et al. 1999, Miao et al.
2001, Hai et al. 1997). Changes in the biosynthesis
pathway of p21 protein affected transition from
G to S-phase (Hermeking et al. 1997). Koltovaya et
al. (1998) observed the inhibition of transition from
G; to M-phase in the yeasts connected with activity
of cdc-2 complex, by cell population of fibroblasts
Takenaka et al. (1998) and Ross et al. (2003). The
photo-effect induces single and double-strand breaks
in the tertiary structure of DNA. Lesions in DNA
appear to be the most important ones for the
induction of chromosomal aberrations (Knehr et al.
1994, Nelms et al. 1998). Both the frequency and
spectrum chromosomal aberrations depend on the
radiation quality and dose. Cells with an
asymmetrical exchange of aberration (dicentric and
centric rings) and fragments are eliminated from the
irradiated cell population during several divisions.
Cells containing aberration type translocation and
inversion are preserved in the irradiated cell
population for a long time and they are the cause of
mutation various type (Awa et al. 1978).

The reaction of plant cells from callus cultures
cultivated long-term in vitro conditions, from the
point of view of changes in the gene expression,
have been very little studied. The aim of our work
was the study the influence of P7Cs irradiation on
the gene expression and growth processes in the
partially synchronized peanut callus culture
cultivated long-term in vitro conditions.

MATERIAL AND METHODS

A four years old callus culture of peanut (Arachis
hypogaea L. cv. Pronto) was derived from
hypocotyls explants and cultivated on the medium
MS (Murashige, Skoog 1962) with supplements
NAA (23 uM) and BAP (0.5 pM). Callus culture
from the end of the lag-phase was pretreated with
cold (T=9°C) during 48 hours. The value of the
MI at the end of the lag-phase was 1.1% and the
number of diploid cells in the callus population was
~65%. The callus culture was irradiated in the
“Svet” equipment in JINR Dubna (Russian) in sterile
conditions in plastic Petri dishes (PD) without
cultivation medium. Callus was irradiated with a
collimated beam of y-rays of B7Cs (E=0.662 MeV
and dose rate 0.53 Gy/s). The irradiation doses D=1,
5, 10, 100 and 500 Gy were used. Irradiated callus,
divided in five inoculi my=250+50 mg per PD, was
immediately transferred to fresh cultivation medium
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MS+NAA+BAP. Every dose had three independent
replicas. For 28 days after irradiation (one
subcultivation period) we studied changes in the
growth processes, qualitative and quantitative
changes in the soluble proteins and length of
polymorphism in the cells and nuclei in the
stationary growth phase.

Growth index assay

Every 7" day, during 28 days of cultivation after
irradiation, the callus inoculums were weighed. The
growth index (GI) was calculated from the equation
GI=my/mo, where m; was the mass of irradiated
inoculums in the i" day after irradiation and mo was
mass of the irradiated callus inoculum. The middle
value of GI was counted over as an average from
the five values per PD for every dose used.

Isolation, quantification and separation of the
soluble proteins

Proteins were isolated from homogenized peanut
callus cells into non-denatured 0.1 M Na-phosphate
buffer pH7 according to Hlinkova et al. (1995). The
quantitative content of soluble proteins was
determined by Branford’s spectrocolorimetric
method (Bradford 1976). Samples for SDS-PAGE
were prepared according to Laemmli (1970).
1-D-SDS-PAGE of denatured proteins was carried
out on the 12.5% discontinuous slab gel system
according to Smith (1988). The 10 kDa mass protein
ladder Gibco BRL (Life Tech., USA) was used as a
mass standard. Gels were stained with AgNOj; in our
modification of the Nesterenko method (Nesterenko
et al. 1994). Electrophoresis was done on the Midi
Protean gel equipment of LKB Pharmacia (Uppsala
Sweden). The first proteins were isolated
immediately after irradiation: other isolations were
done after 24, 48, 144 and 672 hours.

Determination of the cells and nuclei
polymor phism assay

In the stationary growth phase (28th day after
irradiation) one inoculum from each variant was
resuspended in the sterile 2.5% glucose solution.
The length of cells and diameter nuclei were
measured with a micrometer ocular on the
microscope Biolar B (POZ Warszawa, Poland) and
recalculated for a calibration curve of 20x objective.
Statistical distribution was made for a random set of
500 cells.The selected unit interval for cell length
was 30 pm (diameter of young cells with
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Fig.1. Influence of various doses of y-irradiation on the growth processes of peanut calli culture.

1A. Growth curves of four years old peanut callus culture irradiated with "*’Cs; applied dose D=1, 5, 10, 100, 500 Gy (0,
non-irradiated control culture) during 28 days after irradiation, Gl=mi/m,, i’ day after irradiation, m,, initial masse of
irradiated inoculum, m;, masse of inoculum on the ith day of cultivation. GI=(Zm; /mg)/5

1B. Changes in the mass increment of irradiated peanut inoculums in the main point of the growth curve (7th day, the end of
lag-phase, 14" day, middle of the exponential phase of the growth, 21* day, end of exponential phase of the growth, 28" day,
end of stationary growth phase); AGI=(ZA m;;/my )/5, j, the nearest day after it day after irradiation
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active proliferation) and for nuclei diameter we
selected the interval 5 um (diameter nuclei of young
diploid cells).

RESULTS AND DISCUSSION

Cytogenetic analyses of mammalian cells showed
that y-irradiation of lymphocytes, He-la cells and
fibroblats in doses D>1 Gy induced numerous
translocations in the chromosomes, dicentric rings
and chromosome fragments. Their amount is the
highest after irradiation and with prolongation of
post-radiation time decreased (Govorun et al. 1998).

Calli cultures of higher plants cultivated long-
term in vitro conditions have a very small mitotic
index in the stationary phase of the growth, MI<1%
(Gacek et al. 1983, Hlinkova 1989, Hlinkova 1990).
For this reason MI and mitotic figure is very
difficult to study in such cultures. The growth index,
which is the more complex parameter to quantify
growth processes, gives better results for long-term
cultivated calli culture in vitro conditions.

The sensitivity of plant callus cultures to
mutagens is the highest to the end of lag-phase. The
application of the various doses of y-radiation of
P7Cs (D=1, 5, 10, 100 and 500 Gy) in this phase of
the growth on the peanut callus inoculums showed
that the small doses D=1, 5 and 10 Gy had a slight

stimulation effect on the growth processes compared
to the control value (Fig. 1A, 1B, 2).

Growth processes were inhibited by the doses
D>100 Gy. The duration of the lag-phase was
prolonged twice compared to the non-irradiated
control (Fig. 1A). Mass increment for inhibition
doses had its maximum 21 days after irradiation
(Fig. 1B). This large prolongation for maximum of
the mass increment of irradiated callus inoculums
(D=100 Gy) indicated that reparation mechanisms
act very slowly and many damages induced with
y-radiation were the result of a photo-effect. This
assumption indicated the possible presence of Hsp60
protein in the protein pattern samples for this doses
(Tab. 1). This doses damaged intramolecular
structure of DNA what is very often reason after
finishing the reparation processes to induction of
mutant cells.

The highest damage of DNA as well as
cytoplasmatic oxygen radicals induced dose
D=500 Gy. Dose LDsy had wvalue 250+50 Gy
(Fig. 2). Compared to doses applied to the yeast and
mammalian cells used D=0.1-7 Gy, our doses are
very high (Koltovaya et al. 1998, Govorun et al.
1998, Takenaka et al. 1998, Zelinski et al. 2000,
Blekkenhorst and Keraan 2003).
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Fig. 2. Dependence of “ dose-effect” for survival curve of irradiated peanut callus culture. Values were obtained to
the end of the stationary phase of the growth (28 days after irradiation) and recounted to the non-irradiated control
value.They represent the mean from the three independent experiments £33 ()
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Damage induced by doses lower than 100 Gy higher doses contained more de novo synthesized
were the result of d-electrons ionization energy and proteins. Between them we found Hsp60 protein.
Compton effect. Reparations were carried out Cyklin-dependent kinase inhibitor p21 and protein
probably with gene products of early rad genes. p44 were detected for the highest dose of

Protein analyses (Tab. 1) of irradiated peanut y-radiation. Proteins connected with the cell death
callus cells showed that immediately after irradiation and inhibition of growth processes appeared in
patterns for callus irradiated with the dose D=1 and two waves.

5 Gy contained de novo synthesized proteins with
Mr=9 and 75 kDa protein. Protein patterns for
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Fig. 3. Changes in the quantitative content of soluble proteins isolated from irradiated peanut callus culture. A as
a function of different post-radiation time, B as a function of used doses of y-irradiation
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The first was between 24-48 hours for callus
irradiated D>5 Gy and second for the highest dose,
100 and 500 Gy. Proteins p34 and p36 connected
with cdc-2 complex and controlled transition from
G)/S phase appeared for D=10 Gy in the end of lag-
phase (144 hour after irradiation) while for the dose
D=100 Gy they were synthesized after 48 hours
from irradiation. Serin-treonin kinase (p38) was
detected as de novo synthesized protein after 24
hours from irradiation for the dose D=100 Gy. This
protein plays a role in transition cells from the Go/M
phase and is required for the spindle assembly
checkpoint mechanisms (Takenaka et al. 1998).

Quantitative changes in the content of proteins p22,
24, 25 (participation of auxin-binding proteins) p17,
28 and 67 (participation of cytokinin-bindings
proteins) indicated the possible role of growth
regulators in the reparation mechanisms.
Participation of growth regulators in reparation
processes is not unusual for plant callus culture.
This compound controlled checkpoints for the
mitotic cycle (Hlinkova and Belkova 1991, Kulaeva
et al. 1996). Quantitative changes in the soluble
proteins showed that their amount was higher in the
first 24 hours after irradiation only for the dose
D=5 Gy (Fig. 3A).

Tab. 1 Changes in the protein spectra of irradiated peanut callus cultures. Analysis were done for denaturated proteins
separated on 12.5% discontinual slab gels. The 10 kDa protein ladder was used as a molecular mass standard. Gels were
silver stained. Comparative analyses were done to adequate control protein patterns

D Oh 24h 48h 144h 672h
[Gy]
Proteins — Mr
[kDa]
1 N 75 17,9
m 95 31,24 24 44,4327
53,45,44,25,
5 N 75 53,45,21,17 2117.14.11 28,27,21,17,9
95,93,85,75,
m 95,24,22 31,24 24 44273
95,75,63,49,
10 N 48,47 75,49,45 44430725 38,36,34-32 69,38,36,34
m 70 43-41,24 24 42 44,43
100 N 60,59,44,34, 60,59,47,45, 69,60,45,44, 45,2521,17, 69,53,45,44,
25-24 38,36 36,34,23 15 27,25
95,85,65,49, 95,85,69, 95,85,75,43,
m 95,85,65 4423 49-50,34 95,8542 41,31,22

60,59,44,43,33,25,

500 N 2115

59,63,47,45,31

m 95,85,65,34,27 4123

95,83,65,55,49,44,

69,60,55,53,45-44
25,2321,

95,84,69,49-50,34

45,25,21,1715,14 53,45,44,27,25
95,85,75,43,41,22,

95,85,42 17.15

0 hour, proteins and polypeptides synthesized immediatly after irradiation

24—672 hours, time intervals after irradiation
N, de novo synthesized proteins
m, missing proteins
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Fig.4. Statistical distribution of cells (A) and nuclei (B) for non-irradiated and irradiated peanut callus inoculums.
Analyses were done for the random cell population (500 cells/nuclei) on the 28" days after y- irradiation. Unit for cell length
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Stimulation doses had higher protein content
compared to the control during all cultivation. This
confirmed results obtained for mass increment
(Fig. 1B). A high concentration of soluble proteins
was detected after 48 hours for the dose D=500 Gy.
This effect is probably the result of two parallel
processes, higher activity of reparation enzymes
(products of late and very late genes) and
degradation processes connected with death cells.

Cells and nuclei polymorphism showed that in
the stationary phase of the growth (672 hours after
irradiation), callus inoculums irradiated with
stimulating dose of y-radiation shifted their
maximum in the cell population to the shorter
parameters. What was indicated on the lower level
of polyploidy in the irradiated peanut -cell
population? The presence of the small and very
length cells indicated on the two very different cell
groups. Small, nearly round cells were actively
proliferated to the opposite very long cells with the
small nucleus. These cells had a yellow-orange color
and their metabolisms answered to aging. Color
changes can be affected with the peanut lectins
synthesized as a result of aging. The number of
larger cells was indicated for the callus inoculums
irradiated with the doses D 100 and 500 Gy.
Poisson distribution can describe the statistical
distribution of the cell length and nuclei diameter in
the control callus.

CONCLUSIONS

1) Doses of y-radiation applied on the partially
synchronised peanut calli cultures affected gene
expression in a dependance of used doses and
postradiation interval.

2) Doses D>100 Gy affected: gene expression and
some genes transcription that was shown by missing
proteins in the patterns during all studied
postradiation time (missing protein Mr~65, 72, 85
and 95 kDa); growth processes in lag and
exponential phase of the growth; LDsy received
value~250+50 Gy; changes in the content of
secondary metabolites in the stationary phase of the
growth.

3) Doses of y -radiation higher than 10 Gy activated
synthesis of the proteins from the apoptosis pathway
in two waves, at 24-48™ and 672™ hours after
irradiation.

4) Doses of y-radiation lower than 10 Gy decreased
both level of polyploidy and cell polymorphism of
peanut callus culture long-term cultivated in vitro
conditions.

5) Doses with stimulating effect on the growth
processes, D[& 1, 10>, affected content of proteins
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connected with cdc-2 complex and reaction of
phosphorylation/dephosphorylation.

6) Doses of y-radiation higher than 10 Gy affected
quantitative content of proteins from the lectine
group.

7) Changes in the content of auxin and cytokinin
binding proteins in various postradiation intervals
indicated the possibility of the participation of
exogenous growth regulators in the postradiation
repair mechanisms after irradiation.
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