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ABSTRACT

Autoradiographic studies of 3H-uridine incorporation (20-min incubation) and dynamics of radioactive particle
translocation from nucleolus into cytoplasm (following 80-min postincubation in non-radioactive medium) in root
meristematic cells of soybean have been carried out. The experiment was performed with plants subjected to 4-
-day acclimation in chilling or subjected to 2-hour cold stress and control plants. Three cultivars of soybean: Ma-
zowia, Polan and Progres (cultivated in Poland) were used in the experiment.

It has been shown that in control conditions the greatest number of RNA precursor is incorporated into nucleo-
li after 20-min incubation. Following 80-min postincubation cytoplasm is the most radioactive area of the cell —
this mainly testifies to dynamic translocation of radioactive ribosome subunits from nucleolus into cytoplasm.

In chilling conditions the reduction of 3H-uridine incorporation into cells occurs, as compared to control condi-
tions. Plants subjected to a 4-day acclimation incorporate the radioactive precursor more intensively than plants
subjected to cold stress.

Following 80-min postincubation — in the case of acclimated plants — the nucleolus is the most radioactive area
of the cell, which testifies to accumulation of pre-TRNA in it. After the cold stress cytoplasm is more radioactive
than the nucleolus. In all three cultivars the processes of synthesis and transport of pre-rRNA particles are similar,
only their intensity is different.

Morphometric measurements of nucleoli in all cultivars subjected to 4-day chilling have shown that root cell
nucleoli are larger than those in control. This phenomenon can be connected with stronger inhibition of rRNA
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transport than its synthesis.
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INTRODUCTION

Low temperature stress is one of the major problems in
agricultural production. It mainly refers to chill-sensitive
plants, including soybean plants, which poorly tolerate
exposure to temperatures between 15-0°C (Chen 1994).
Chilling stress causes a number of changes at cytophysio-
logical level leading to weakening and/or impairment of
some cellular processes, thus it leads to reduction of plant
development and growth (Mc Kersie and Leshem 1994).
Disturbances of cell physiology can occur at different sta-
ges of cellular processes including the stage of machinery
production for protein synthesis, which takes place in the
nucleolus.

Nucleolus, though it is a plurifunctional cellular structu-
re (Pederson 1998), is primarily the site of pre-rRNA syn-
thesis and of maturation of pre-ribosomal subunits (Olson
et al. 2000; Visintin and Amon 2000; Ospina and Matera

2002). Nucleolus is one of the least stable cellular organel-
les. Its activity, morphology and ultrastructure change
alongside with species, cell type, grade of cell differentia-
tion and cell cycle (Kwiatkowska and Maszewski 1985;
Guerrero et al. 1989). The nucleolus reflects the functional
state of the cell, reacting quickly to physiological and pa-
thological factors (Goessens 1984; Scheer and Hock 1999;
Olson et al. 2000). It is the structure responsive to abiotic
stress factors including low temperature (Gabara 1980;
Stepinski and Kwiatkowska 2003) and heavy metals (Ga-
bara et al. 1995; Jiang et al. 2000). It is thought that nucle-
olar sizes are the indicator of metabolic activity of the
cells. Usually, the bigger the nucleoli, the higher the activi-
ty characterizes the cell (Martini et al. 1982; Fischer et al.
1991). Nucleolar sizes depend, in the majority of cases, on
the number of active rRNA genes (Flavell and O’Dell
1979). However, the relation between dynamics of rRNA
synthesis and rRNA migration to cytoplasm also influen-
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ces dimensions of nucleoli. Increase in nucleolar volume
was observed in meristematic root cells of soybean see-
dlings cv. Aldana subjected to chilling (10°C). Simultaneo-
usly, cold drastically decreased the activity of TRNA syn-
thesis. Enlargement of nucleoli was caused by pre-rRNA
accumulation in them, owing to stronger inhibition of rRNA
transport to cytoplasm than dynamics of its synthesis (Ste-
pinski and Kwiatkowska 2003).

The aim of the present work was to verify, whether pro-
cesses of synthesis and transport of pre-TRNA, observed in
soybean cv. Aldana, proceed similarly also in other culti-
vars of soybean in the following conditions: 1) 4-day chill
(10°C), during which some mechanisms and cellular path-
ways can adjust to changed physiological situation, and 2)
at the beginning of low temperature treatment (2 hours),
during which plants suffer from cold shock. Morphometric
measurements of nucleolar volumes were also performed.

The above mentioned experiments were carried out on
root meristematic cells of three cultivars of Glycine max.
cultivated in Poland. Differences in intensity of the proces-
ses examined at lowered temperature at particular cultivars
could indicate the degree of their susceptibility to chill.

Soybean is an attractive plant to study nucleolus because
in its meristematic interphase cell there is a single nucleo-
lus. Nucleolus organizer region (NOR) is localized only on
chromosome 13 (Griffor et al. 1991).

Stepiriski D.

MATERIAL AND METHODS

Seeds of soybean (Glycine max (L.) Merr.) of three culti-
vars: Mazowia, Polan and Progres (obtained from IHAR in
Radzikéw) were germinated for 3 days at 25°C (control) in
darkness in Petri dishes on filter paper wetted with distilled
water. Then seedlings were transferred to cold (10°C) for 4
days (acclimation) or for 2 hours (cold stress).

Incubation in 3H-uridine

Seedling roots of each cultivar were incubated in water
containing *H-uridine (3.7 MBg/ml; 888 GBq/mM) for 20
min at 25°C (control) or at 10°C (both acclimated and sub-
jected to cold stress). Half of the seedlings from each gro-
up was postincubated for 80 min in non-radioactive me-
dium at 25°C or 10°C respectively. Roots were fixed in ab-
solute ethanol — glacial acetic acid mixture (3:1) (v/v) for 1
h at room temperature, washed with ethanol and kept in
70% ethanol for further procedure. The material was then
treated with pectinase solution at 45°C for 30 min and rin-
sed in Mc Ilvain buffer (pH 5.0). Meristematic parts of ro-
ots were placed on microscope slides in a water drop and
squashed. After freezing on dry ice and removing cover-
slips the slides were dried, covered with photosensitive
emulsion and exposed in darkness at 8°C. Following 14 days
the autoradiograms were developed and stained with tolui-
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(Nu) and cytoplasm (Cyt) of root meristema-
tic cells of soybean cv. Mazowia. A — control
(25°C), after 20-min incubation in 3H-uridi-
ne; A’ — control, after 80-min postincubation
in non-radioactive medium; B — 4-day accli-
mation at 10°C, after 20-min incubation in
3H-uridine; B’ — 4-day acclimation at 10°C,
80-min postincubation; C — 2-hour cold
shock at 10°C, after 20-min incubation in
3H-uridine; C’ — 2-hour cold shock at 10°C,
80-min postincubation. Bars represent stan-
dard errors.
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dine blue according to Smetana’s method (Smetana et al.
1968) and embedded in Canadian balsam.

Silver grains were counted over nucleoli, extra-nucleolar
nucleoplasm and cytoplasm in 30 cells in preparations
from 3 meristems from each variant.

Morphometric analysis of nucleoli

Nucleolar morphometric measurements were carried out
on squashed slides made of apical parts of roots fixed in
0.0125 M Sorensen’s phosphate buffer (pH 7.2) with 2%
glutaraldehyde and stained using Ag-NOR impregnation
method described by Howell and Black (1980). An as-
sumption has been made that nucleoli did not get flattened
during squashed slide preparation and that nucleolar profi-
les are circle-shaped. Their areas were measured with the
computer-aided IMAL-512 system. After the radiuses of
nucleoli had been established the nucleolar volumes were
calculated employing mathematical formula. Volume mea-
surements were performed for 90 nucleoli for each variant.

RESULTS

3H-uridine autoradiography
In control conditions (25°C) nucleoli are the most labelled
area following 20-min incubation of roots in 3H-uridine in
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all cultivars. Cytoplasm is about 50% weaker labelled than
nucleoli. The isotope is most intensively incorporated into
nucleoli in cv. Progres, and least — in cv. Mazowia. Extra-
nucleolar nucleoplasm is the least radioactive area in all
cultivars of soybean (Fig. 1A, 2A, 3A). Following 80-min
postincubation of roots in non-radioactive medium at
25°C cytoplasm becomes the most radioactive area of the
cell in all cultivars. It is on average about 3-fold more label-
led than nucleoli. Whereas nucleoli are the least radioactive
area. This testifies to dynamic transport of radioactive par-
ticles from nucleolus to cytoplasm. The greatest number of
silver grains over cytoplasm is observed in cv. Progres, the
smallest — in cv. Mazowia (Fig. 1A, 2A’, 3A’).

Under chilling conditions, both 4-day and 2-hour, the
considerable reduction of radioactive uridine incorporation
into cells during 20-min incubation and also of transloca-
tion of labelled particles from nucleolus to cytoplasm du-
ring 80-min postincubation occur. Comparing the number
of silver grains, after 20 min incubation in 3H-uridine, over
nucleoli of control plants and those subjected to 4-day chil-
ling, it has been stated that the strongest reduction of isoto-
pe incorporation into nucleoli occurs in cv. Mazowia (5-
-fold); to a lesser degree — in cultivars: Polan (4-fold), Pro-
gres (3-fold) (Fig. 1A, 1B; 2A, 2B; 3A, 3B). After 80-min
postincubation in non-radioactive medium the nucleoli are
labelled stronger than cytoplasm — contrary to the case of

Fig. 2. Mean number of silver grains above

nucleolus (No), extra-nucleolar nucleoplasm

(Nu) and cytoplasm (Cyt) of root meristema-
tic cells of soybean cv. Polan. A — control
(25°C), after 20-min incubation in 3H-uridi-
ne; A’ — control, after 80-min postincubation
in non-radioactive medium; B — 4-day accli-
mation at 10°C, after 20-min incubation in
3H-uridine; B’ — 4-day acclimation at 10°C,
80-min postincubation; C — 2-hour cold
shock at 10°C, after 20-min incubation in
3H-uridine; C’ — 2-hour cold shock at 10°C,
80-min postincubation. Bars represent stan-
dard errors.
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control plants — in all cultivars. The most strongly labelled
nucleoli were observed in cv. Progres, and the least — in cv.
Mazowia (Fig. 1B’, 2B’, 3B’). Comparing the labelling in-
tensity of control plant cell cytoplasm and those subjected
to chilling following postincubation, one can draw a conc-
lusion about the effect of low temperature on dynamics of
transport of matured pre-ribosomal particles from nucleo-
lus to cytoplasm. The strongest inhibition of radioactive
particle translocation takes place in cv. Mazowia (8-fold),
then in cultivars: Polan (6-fold) and Progres (5-fold) (Fig.
1A’, 1B’; 2A°,2B’; 3A°, 3B”).

In the case of plants subjected to short-lasting chill (cold
stress) the reduction of *H-uridine incorporation after 20-
min incubation is even stronger than in acclimated plants
(Fig. 1C, 2C, 3C). Following 2-hour chilling of seedlings,
the most reduced isotope incorporation into nucleoli is ob-
served in cv. Polan (12-fold), less — in cultivars Progres
and Mazowia (10-fold) (Fig. 1C, 2C, 3C). After postincu-
bation the labelling of particular cellular areas increases in
comparison with labelling immediately following incuba-
tion. However, in this case, more intensive radioactivity of
cytoplasm than nucleoli is observed — contrary to acclima-
ted plants (Fig. 1C’, 2C°, 3C").

Following postincubation time an increase in radioactivi-
ty of whole cells in all variants is observed. This testifies to
further incorporation of isotope, which entered into roots
during incubation time.
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Nucleolar size

The mean volumes of nucleoli in root meristematic cell of
seedlings grown at optimal conditions (25°C) range from 12
um? in cv. Progres to 21 pm? in cv. Polan (Fig. 4). After 4-
-day acclimation of seedlings at 10°C the nucleoli enlarge
considerably in all cultivars in comparison with control.
Nucleolar volume in cv. Polan increases by about 77%, in
Mazowia about 172%, and in Progres about 210% (Fig. 4).
Nucleoli of plants treated with short-lasting chill (2-h) also
become bigger than in the control (the difference is statisti-
cally significant), but not so drastically as in acclimated see-
dlings. Nucleolar volume increases most in cv. Mazowia —
about 74% and least in cv. Polan — about 21% (Fig. 4).

DISCUSSION

Soybean is a plant susceptible to chill, originating from
subtropical climatic zone. The optimal temperature for soy-
bean growth, development and symbiotic activity is about
25-30°C (cited after Zhang et al. 1995). Temperature of
10°C is the lowest allowing vegetation of some cultivars of
soybean (c.a. Jasifska and Kotecki 1993). Therefore, in the
present studies the temperature of 10°C has been applied as
a factor eliciting chilling stress. Therefore, the fact is not
surprising that some cellular processes, including those in
nucleoli, have been handicapped.
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A contribution of nucleus in transcription in plants is
80% (Giménez-Martin et al. 1977) — hence, in the present
work only the synthesis and transport of ribosomal RNA
have been considered.

Results of the present studies, performed with some cul-
tivars of soybean, confirmed the results of experiments
which had been carried out previously on Glycine max. cv.
Aldana (Stepinski and Kwiatkowska 2003) and also on
other species: Helianthus annuus, Secale cereale, Vicia fa-
ba, and Allium cepa (Olszewska et al. 1987; Olszewska et
al. 1988), which showed that synthesis, maturation and
transport of pre-ribosomal particles in root meristematic
cells had been slowed down by low temperature (including
10°C) to a considerable extent. However, the data, shown
in the present paper and the previous publication (Stgpinski
and Kwiatkowska 2003), indicate that transport of pre-ri-
bosomal particles is more reduced than their synthesis fol-
lowing 4-day chill treatment. This phenomenon is observed
in all soybean cultivars examined: Aldana (Stepifiski and
Kwiatkowska 2003) as well in Mazowia, Polan and Pro-
gres (present paper).

Nucleolar size depends mostly on dynamics of 1) pre-
-TRNA synthesis and 2) its maturation and transport to cy-
toplasm. Morphometric measurements show that in all cul-
tivars examined, similarly as in cv. Aldana (Stepinski and
Kwiatkowska 2003) in chill-treated soybean seedlings the
nucleoli become bigger. This phenomenon may be caused
by the fact mentioned above, i.e. that low temperature inhi-
bits rRNA synthesis to a smaller extent than ribosome sub-
units maturation and transport from nucleolus to cyto-
plasm. This happens, at least, in the case of plants subjec-
ted to long-lasting chilling. A hypothesis has been put for-
ward that the arrest of pre-ribosomes in a nucleolus may
protect them against a destructive ribonuclease effect as its
activity increases in chill-treated seedlings (Stepinski
2002). During regeneration at optimal temperature (25°C)
high activity of synthesis and transport of ribosome subu-
nits into cytoplasm is restored (Stepinski, unpublished da-
ta), while ribonuclease activity drastically decreases (Ste-
pinski 2002).

An insignificant — in comparison with nucleoli of accli-
mated plants — increase in nucleolar size is also observed in
plants subjected to short-lasting chilling. Enlargement of

nucleoli appeared in spite of more intensive dynamics of
transport of pre-rRNA than its synthesis. No accumulation
of radioactive particle in nucleolus was observed — this is
proved by higher labelling of cytoplasm than nucleoli fol-
lowing postincubation time. Ultrastructural studies perfor-
med previously show notable loosening of nucleolar struc-
ture in root meristematic cells of soybean seedlings grown
under 4-day chill (Stepinski and Kwiatkowska 2003). One
may suppose that insignificant enlargement of nucleoli in
short-chilled plants results from the change of their structu-
re. In the case of long-chilled plants both processes, i.e. the
loosening of structure and the accumulation of pre-rRNA
particles add up, resulting in about 2-fold increase in nucle-
olar volume.

Intensity of the examined processes differ to some
extent, both under control conditions and at 10°C. The in-
tensity of 3H-uridine incorporation and labelling migration
to cytoplasm in optimal conditions for soybean develop-
ment and growth can testify to differences in vitality of se-
edlings, whereas under unfavourable chill — to different ca-
pability of adjusting to the new situation.

On the basis of the results obtained it seems that in cv.
Polan both pre-rRNA synthesis in nucleolus and pre-ribo-
some transport to cytoplasm are the most susceptible pro-
cesses at the beginning of chilling stress. Mazowia and
Progres cultivars react alike and both are less sensitive than
cv. Polan. Whereas, following 4-day acclimation time in
chill both processes adjusted best in cv. Progres, and worst
—in cv. Mazowia.
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WPLYW KROTKO- I DLUGOTRWALEGO CHLODU
NA SYNTEZE I TRANSPORT PRE-rRNA
W KOMORKACH MERYSTEMATYCZNYCH KORZENI TRZECH ODMIAN SOI

STRESZCZENIE

Przeprowadzono autoradiograficzne badania wtaczania 3H-urydyny (20-minutowa inkubacja) i dynamiki prze-
mieszczania si¢ wyznakowanch czastek z jaderka do cytoplazmy po 80-minutowej postincubacji w Srodowisku
nieradioaktywnym w komorkach merystematycznych korzeni soi. Eksperyment wykonano na roslinach podda-
nych 4-dniowej aklimatyzacji w chtodzie, poddanych 2-godzinnemu stresowi chtodu oraz na roslinach kontrol-
nych. Eksperyment prowadzono na 3 odmianach soi hodowanych w Polsce: Mazowia, Polan i Progres.

Wykazano, ze w warunkach kontrolnych po 20-minutowej inkubacji korzeni w 3H-urydynie najwigcej prekur-
sora RNA wtacza si¢ do jaderek. Po 80-minutowej postinkubacji najsilniej wyznakowanym obszarem jest cyto-
plazma, co §wiadczy gtéwnie o dynamicznym przemieszczaniu si¢ znakowanych podjednostek rybosomoéw z ja-
derka do cytoplazmy. W chtodzie nastepuje znaczne obnizenie wiaczania 3H-urydyny do komérek, w stosunku do
warunkow kontrolnych. Rosliny poddane 4-dniowej aklimatyzacji intensywniej wlaczaja prekursor radioaktywny,
niz rosliny poddane stresowi chtodu. Po 80 minutowej postinkubacji, w przypadku roslin aklimatyzowanych, naj-
silniej wyznakowanym obszarem komorki jest jaderko, co §wiadczy o kumulowaniu w nim pre-rRNA. W warun-
kach stresu chtodu cytoplazma jest bardziej wyznakowana od jaderek. Omawiane procesy syntezy i transportu
czastek pre-rybosomowych, dla wszystkich trzech odmian, przebiegaja podobnie, ale z odmienna intensywnoscia.

Morfometryczne pomiary wielkosci jaderek wykazaty, ze jaderka w komoérkach korzeni siewek wszystkich
odmian poddanych 4-dniowemu chiodzeniu znacznie zwigkszaja swa objetos¢ w poréwnaniu z objetoscia jaderek
kontrolnych. Zjawisko to moze mie¢ zwigzek z silniejszym zahamowaniem transportu rRNA, niz jego syntezy.

SEOWA KLUCZOWE: aklimatyzacja, chtéd, wiaczanie *H-urydyny, jaderko, soja.
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