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Ultrastructural and autoradiographic studies of therole
of nucleolar vacuolesin soybean root meristem

Dariusz Stepinski
Department of Cytophysiology, University of tgd2oland

Abstract: Ultrastructural and autoradiographic studies of nucleoli in soybean root meristematic cells in seedlings: (1) grown
for 3 days at 25°C (control), (2) grown for three days at 25°C and for 4 days at 10°C, and (3) grown as in (2) and recovered fo

1 day at 25°C were carried out. Control nucleoli had dense structure and a few small nucleolar vacuoles. Chilled plant nucleoli
had less dense structure and no vacuoles. Nucleoli of plants recovered at 25°C had big nucleolar vacuoles. In autoradiograms
of squashed preparations, the labeling of nucleoli and cytoplasm after 20-min incubdteuridine was 5- and 6-fold

stronger, respectively, in control than in chilled roots. Following recovery, the labeling of nucleoli and cytoplasm was much
stronger than after chilling or even than in control roots. After 80-min postincubation in non-radioactive medium, average
labeling of particular areas of cells was the highest in recovered plants which indicated intensification of rRNA synthesis,
maturation and transport into cytoplasm resulting from the resumption of optimal conditions which was correlated with the
appearance of big nucleolar vacuoles. In autoradiograms of semi-thin sections from roots of seedlings chilled for 4 days then
recovered and incubated for 20 mirfitruridine, practically only extravacuolar parts of nucleoli were labeled. After 80-min
postincubation, the labeling of nucleolar vacuoles was observed. Thus, during postincubation the labeled molecules were
translocated from the nucleolar periphery into nucleolar vacuoles in cells where intensive transport of these molecules to the
cytoplasm takes place. On the basis of these results, a hypothesis has been put forward that nucleolar vacuoles may be involved
in the intensification of pre-ribosome transport outside nucleolus.
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I ntroduction Observations of living cells revealed characteristic
_ o o "pulsations” of nucleolar vacuoles. They grew gradually
Nucleoli are visible in nucleus of a living cell due toynd then their content was transferred outside nucleolus
strong light refraction caused by their more densijio nucleoplasm [8, 13]. These studies suggest that
packed structural components as compared to extraRycleolar vacuoles are involved in the transport of nu-
cleolar nucleoplasm. They are of very dynamic charactggolar substance [13], most probably ribosomal sub-
- their structure is variable depending on the cell typgits, to the cytoplasm.
and activity of production and maturation of ribosome  Many authors believe that nucleolar vacuole forma-
subunits which is the major function of nucleoli [6].  tjon results from ribosomal subunit migration from nu-
The main elements of nucleoli visible in electrog|eolus to the cytoplasm[1, 3, 4, 11, 7]. However, Brown
micrographs are fibrillar centers (FC), dense fibrillagng shaw [2] put forward a hypothesis that early pro-
component (DFC) and granular component (GC) [10§essing of immature snoRNA could take place in nucle-
Apartfromthose, in some types of plantand animal celigar vacuoles, as they did not observe either rRNA or its
there are areas, which in the light microscope fefr%ﬁecursors.
light to a lesser degree and in the electron microscope A |ot of controversy has been also aroused by the fact
are electron transparent, containing a few granular agt the appearance of nucleolar vacuoles is not strictly
fibrillar structures. These areas are widely known ggsociated with any precise functional state of nucleoli
nucleolar vacuoles. Cytochemical studies revealgghd does not apply to all nucleoli in a given type of cells.
rRNA in them [6, 16]. Nucleolar vacuoles are present not only in nucleoli with
high metabolic activity [1, 9, 3] but also in inactive ones,
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in Gy, phase oPisum cotyledon buds [7]. The appear-ethanol series, the material was embedded in a medium containing
ance of nucleolar vacuoles can be also caused by Sdﬁf%"e of Epon 812 and Spurr’s resin. Ultrathin sections were
. . . . uble stained with uranyl acetate and lead citrate according to
inhibitors of rR_N_A syntheS|_s, such as cordicepin anlg%ynolds [12]. The sections were examined and photographed in a
FudR [9] Thusitis hypothe5|zed that nucleolar vacuol8soL JEM 1010 transmission electron microscope.

appear as a result of the imbalance between rRNA _ _ _
synthesis and transport to the cytoplasm. Despite m@rﬂ-thm section autor adiography. Roots of recovered seedlings

; ; : e incubated iPH-uridine solution (LOQCi/ml; 28.0 Ci/mM) for
experiments concerning nucleolar vacuole function, t min at 25°C and then postincubated in non-radioactive medium

problem is not unequivocally solved and needs furthgj; go min. Fixation of the material and further procedure was as for
research. EM except uranyl acetate/lead citrate treatment. Semi-thin sections

Soybean, which is our material, originates from were placed on microscopic slides, covered with light-sensitive
warm climatic zone and is chill-sensitive. In Chi”eoemulsmnand exposed for 35 days at 8°C. After development and drying,

o . . the autoradiograms were stained with toluidine blue. Silver grains were
(20°C) _soybean sc_aedllngs, a 15-fold de_crease N grovHiinted overgperipheral parts of nucleoli and nucleolar va(?uoles of 60
dynamics of meristematic root zone is observed. Baiis in preparations from 3 meristems from each variant.
soybean cell nucleus, only one nucleolus is present [15].

The aim of the present research was:
. to study ultrastructure of nucleoli and nucleolar vaResults

cuoles in seedlings grown in (1) control condition .

(25°C), (2) treated with 10°C for 4 days and (3} rastructureof nucleoli and nucleolar

recovered at optimal temperature for 1 day after 4-d4@CU0I€Sin soybean root meristem

chilling; In meristematic cells of soybean roots growing in opti-
- to study the intensity ¢H-uridine labeling of nucle- mal conditions (25°C), nucleoli were dense and con-

oli and cytoplasm in autoradiograms of squashadined FC and GC (Fig. 1) as well as a few small

preparations made from root meristems of seedlingscleolar vacuoles in some cells (not demonstrated).
grown as above, incubated3d-uridine for 20 min Nucleoli in root cells treated with 4-day chilling
and postincubated in the non-radioactive medium f¢10°C), contained FC surrounded with DFC but no nu-

80 min; cleolar vacuoles. Their structure was less dense (Fig. 2).
- to study changes in labeling of nucleoli and nucleolat their periphery, characteristic clusters of grains re-

vacuoles after incubationiH-uridine for 20 minand sembling shortened and condensed rRNA transcription

postincubation in the non-radioactive medium for 86omplexes (Christmas trees) were abundant [15]. In
min in autoradiograms of semi-thin sections fromoots of plants recovered for 24 h after 4-day chilling,

roots of seedlings recovered at 25°C. huge nucleolar vacuoles were observed in big, dense
nucleoli (Fig. 3). At their periphery composed of tightly
M aterials and methods packed fibrillar and granular components, small nucle-

olar vacuoles and FC were present. However, the big

mf;tg ?a‘hs‘:jyblf?“)seedg(ydn‘?maxé'f-)('j\"elg-) CV-fA'dSaQa (ffomzs,,nucleolar vacuoles were not present in all nucleoli.
in Radzikéw) were germinated in darkness for 3 days at i p : ; _
(control) on distilled water moisted filter paper. Then someseedlinlgfsemI thin section analysis revealed big nucleolar va

went on growing in the same conditions and some were transferted0l€s in ca. 50% of soybean meristematic root cell

to 10°C for 4 days. Some chilled seedlings were then recovered fidcleoli.
1 day at optimal temperature (25°C).

*H-uridineincubation. Seedling roots from control and recoveredLabelling of nucleoli and cytoplasm jn
plants, and from chilled ones were incubatetHruridine solution uashed preparations after 20-min °H-uridine

(80uCi/ml; 24.0 Ci/mM) for 20 min at 25°C and 10°C, respectively; cubation followed by postincubation in
then they all were postincubated in a non-radioactive medium for éla y

min at the respective temperatures. Roots were fixed in absolt'ﬂ@n'rad'oacnve medium

ethanol-glacial acetic acid mixture (3:1) for 1 h at room temperatugsiractly after 20-mirfH-uridine incubation (postincu-
and rinsed in ethanol. After hydration, the material was treated Wig . y . he labeli f leolii | ial
pectinase solution (2.5 units rhgptot. mi; Sigma) in Mc lllvain ation 0 mm)’t elabe 'ng ornuc eQ In control materia
buffer (pH 5.0) for 30 min at 45°C. Squashed preparations fromias 4.7-fold higher than in cells chilled for 4 days (Tab.
apical parts of roots were made on dry ice. Dry preparations wetg, The difference in cytoplasm labeling was even
covered with light-sensitive emulsion (EM 1; Amersham) and eXregter (5.8-fold weaker than in the control). In 24-h

posed at 8°C. After 14 days autoradiograms were developed . . . i
stained with toluidine blue according to Smetehal. [14]. Dry %Overed seedlings the labeling directly after 20-min

preparations were embedded in Canada balsam. Silver grains V\jé}GUb{ition was 8-fold hig_her than after 4'_day chilling
counted over nucleoli, extra-nucleolar nucleoplasm and cytoplasamnd higher by 44% than in the control. This was espe-

in 30 cells in preparations from 3 meristems from each variant. cially observed in the cytoplasm, where radioactivity
Electron microscopy. Selected root tips were fixed in 2% glutaral-a]:?lr (ecovr—fry IWaS %/—f(_)ld hlghe_r tl;:an in ttl;le C]?n.tIrOI’
dehyde in 1% cacodylate buffer (pH 7.2-7.4) for 3 h at 4°C. Roo¥¥hile in nucleoli a 60% increase in the number of silver
were postfixed in 1% Os0n the same buffer. After dehydration in grains in autoradiograms was observed. These data in-
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Fig. 1. Nucleolus of root tip meristematic cell of soybean
seedling grown at 25°C for 3 days (contral85 000.

Fig. 2. Nucleolus of root tip meristematic cell of soybean
seedling grown at 25°C for 3 days then subjected to 4-day
chilling (10°C).x 35 000.

Fig. 3. Nucleolus of root tip meristematic cell of soybean
seedling grown at 25°C for 3 days, subjected to 4-day
chilling (10°C) and recovered at 25°C for 1 dag5 000.
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Table1. *H-uridine labeling (number of silver grains) of nucleoli, extranucleolar nucleoplasm and cytoplasm in meristematic ce#iaof soy

roots

Labeling (number of silver grains)
Experimental variant
Post-incubation Nucleolus Eﬁ&?gg;::grlﬁr Cytoplasm Whole cell
Control 0 18.9+ 4.7 10£ 1.9 10.74 1.7 40+ 5.1
3d/25°C 80 min 13.4+ 3.7 16+ 2.7 43.6+ 6.8 73+ 8.8
Chilling 0 4+0.8 1.7+0.3 1.8+0.4 7.4+0.8
3d/25°C + 4d/10°C 80 min 11.2+23 2.9+ 0.5 3.9+0.8 18+ 3.1
Recovery 0 31459 56+ 7.9 21+ 3.9 57.6+ 8.7
3d/25°C +4d/10°C + 1d/25°C 80 min 43.6:7.2 36.7+ 5.1 89.8+ 11.4 170+ 20.9

Squashed preparations. MeanSD. Labeling of compared cellular areas is statistically significant, p=g-294.

dicate that the transport of ribosomal subunits fromems of seedlings (1) grown in optimal conditions, (2)
nucleolus to the cytoplasm was more dynamic duriradhilled (10°C) as well as (3) chilled and recovered at
20-min incubation in recovered seedlings than in tH5°C for 24 h indicated that big nucleolar vacuoles are
control. accompanied by dynamic rRNA synthesis and its trans-
Following 80-min postincubation in non-radioactivgoort to the cytoplasm. It was more intensive in the roots
medium, the total labeling of cells from all experimentadf recovered seedlings in which the biggest vacuoles
variants was stronger than after 0O-min postincubatiowgere observed. In roots grown in optimal conditions
which means that during postincubation the incorporé25°C) in which rRNA synthesis was 60% lower and
tion of *H-uridine taken up by roots during incubatiorribosome transport dynamics was only half of that after
into macromolecules continued. Radioactivity increasecovery, the nucleolar vacuoles were scarce and small.
was more dynamic (3-fold) in recovered cells while iin roots chilled (10°C) for 4 days where transcriptional
control and not-recovered ones it was ca. 2-fold highactivity was very low while ribosome transport dyna-
than immediately after 20-min incubation. This indimics even lower, no nucleolar vacuoles were observed.
cates very dynamic synthesis, maturation and transp®tte inhibition of nucleolar vacuole formation caused by
of rRNA to cytoplasm during 80-min postincubatiorchilling (6°C) suppressing rRNA synthesis was also
following chilling and recovery. observed by de Barsy al. [3] in Zea mays shoots and
by Olszewskeet al. [11] in Helianthus annuus roots
, : : chilled (10°C) for 12 hours.
;35;'53?03;erﬁgfféhqaggﬁﬂﬂﬁogggﬁfIes'n Our experiments on semi-f[hin seption aytpradio-
grams from plants after 20-min incubatiorkfiuridine
In semi-thin section autoradiograms from recovereghd 80-min postincubation in non-radioactive medium
seedling roots incubated3d-uridine (postincubation 0 fully confirm the suggestion that nucleolar vacuoles are
min), the number of grains over the peripheral part @fvolved in rRNA transport from nucleolus to nucleo-
nucleoli was much higher (average 5.4 grains) than oyelasm and then to the cytoplasm. We observed that in
nucleolar vacuoles (0.33 grain). After 80-min postincuecovered soybean seedlings after 20-min incubation in
bation, the overall radioactivity of the whole nucleoludH-uridine, only extra-vacuolar areas of nucleoli were
increased, however, labeling of nucleolar vacuoles wkabeled, while nucleolar vacuoles practically were not
stronger than that of the peripheral part (11-fold an@ab. 2). However, after 80-min postincubation, the
4.5-fold increase, respectively). These data seem to micleolar vacuoles were labeled 11 times stronger than
dicate that during postincubation a large number @ist after incubation. It indicates that during that period
labeled macromolecules was translocated from the padioactive macromolecules moved from the site of their
ripheral part to the nucleolar vacuole (Tab. 2, Fig. 4).synthesis into nucleolar vacuoles. It must be stressed,
however, that nucleolar vacuoles are present only in
50% of nucleoli. One of the reasons could be the fact
that nucleolar vacuoles appear only at the particular
Many authors support the belief that the appearancestge of a cell cycle, while soybean root meristematic
nucleolar vacuoles is connected with rRNA transpocglls were in different phases of the cycle. Such a hypo-
from nucleolus to cytoplasm [1, 3, 4, 11, 7]. Results dhesis, however, is not supported by the experiments on
our autoradiographic experiments were consistent wilhelliantus annuus roots showing that at (S and G
this view. The data obtained from soybean root meriphases there were similar numbers of ring nucleoli with

Discussion
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Table2. *H-uridine labeling (number of silver grains) of the periph-
eral parts of nucleoli and nucleolar vacuoles in meristematic cells
soybean roots of recovered seedlings

Labeling (number of silver

Experimental ~ Postincuba grains)
variant tion | peripheral part  Nucleolar
of nucleolus vacuole
Recovery 0 537+ 0.9 0.33: 0.04
3d/25°C + 4d/10°C
+1d/25°C 80min | 23.9+4.8 3.6+ 0.7

Semi-thin preparations. MeatisSD.

big vacuoles [11]. On the basis of previous experiment.
of other authors performed on living cells [8, 13] and the  »
present results we put forward a hypothesis that transl;
cation of ribosomal subunits from nucleolar vacuoles tc
the cytoplasm may be involved in pulsation of nucleola
vacuoles. After accumulation of ribosomal subunits, th
vacuoles may transiently disappear as a result of & 4
extrusion of their content outside nucleolus as suggestea——="
by observations of living cells in tobacco [8] and potatbig. 4. °H-uridine labeling of nucleoli and nucleolar vacuoles in root
tubers [13]. tip meristematic cells of recovered soybean seedling after 20-min
The fact that big nucleolar vacuoles coincide with cubation (A) and 80-min postincubation (B). Semi-thin sections.
increase in the dynamics of labeling translocation from
nucleolus to extranucleolar area may suggest that va-
cuoles may be involved in the mechanism which facili-

tates the movement of ribosomal subunits into tITEB] Johnson JM, Jones LE (1967) Behavior of hucleoli and contract-

cytoplasm. ing nucleolar vacuoles in tobacco cells growing in microculture.
Annu J Bot 54: 189-198
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