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ASPECTS OF NUCLEOLUS ULTRASTRUCTURE

AND DYNAMICS IN SOME EUCARYOTE SPECIES

I. ANGHEL, N. ТОМА, AURELIA BREZEANU, TATIANA VASSU

The synthethic results of the "in vivo" or "in vitro" electron

microscopic investigations on the nucleolus from some species of green

algae (Dunaliella viridis, Chara fragilis), Ascomycetes, Fungi (Saccharo-

rnyces cerevislae, Candida robusta) and Angiospermes (Citrullus lanatus,

Oryza sativa, Tritieum monococcum, Glycine maxima, Digitalis pur-

purea, Solanum melongena, Helianthus annuus) are presented.

The unitary structure of the nucleolus in various eukaryotic species

as a result of the uniform mixture of the two major components is

noticeable. The nucleoli structure is defined as an alveolar-reticulated

one. The term of "nucleolar labyrinth" is proposed in order to define

the assembly of the spaces in the nucleolar mass generated by the

spatial arrangement of the nucleosorna as well as of the ribosomal

subunities.

Some aspects of the dynamics and of the nucleoli byogenesis are

outlined.

From among the subcellular structure the nucleolus is of special
interest for the studies in cellular biology, in biochemistry and genetics.

This is a still controversial structure. The wealth of information

at our disposial doesn'it elucidate even the easier problems like the

ultramicroisc'opical investigations ; most cryptical remain the metabolic

and genetic implications, as well as the dynamics and biogenesis, foca-

lising nowadaps the attention of research workers.

The high degree of relativity of our knowledge is due to the diffi-

culties in isolation and purification of this nuclear organelle, and its

high dynamism.

Of the manifold interesting aspects we shall discuss only those

referring to the architecture and the dynamics of the organelle.

Material und Method

The following species were analysed : Dunaliella viridis, Chara fra-

gilis, Saccharomyces cerevisiae, Candida robusta, Citrullus lanatus, Oryza

sativa, Tritieum monococcum, Glycine maxima, Digitalis purpurea, So-

lanum melongena, Helianthus annuus.
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Some of the materials were taken from their natural habitat (Chara

jragilis) or from normal cultures, others were cultivated „in vitro« under

controlled conditions. The cell suspensions of Oryza saliva, T. mono-

coccum, G. maxima, H. annuus, S. melongena were obtained by inocu-

lation of somatic tissue expiants on specific nutritive media (5, 6, 8).

Some species have been utilised to test the action of xenobiotic

factors as Co 60
gamma radiation and the herbicide Dielofopmethyl (5, 7).

All species were analyzed with the aid of the ТЕМ using ultrathin

sections. The biologic material has been prepared in a differential way,

adapted to its morpho-anatomical and physiological peculiarities.

In our research we made use of the electron microscopes JEM-7,

PHILIPS 200, 300 with an acceleration of electrons by 40—100 kV.

Results and discussions

As a whole the nucleoli of different analyzed plant species present

a rather uniform architecture. On the common background of simila-

rities appear however some ultrasitructural peculiarities. The common

background of organization is determined by the general granular-fi-
brillar structure of the nucleolus. The differences arise more often out

of the variation of the quantitative and topographic distributional ratio

of the two components. Generally in plants there appears very rarely

a relative spatial segregation of the nucleolar components. As is seen

in PL I tthe fibrillar component is concentrated in the centre, the granular

component being peripheral. The great majority of nucleoli from inter-

phase nuclei have a relatively uniform structure, as both major com-

ponents are mixed equally in the whole mass of the nucleolus. This

aspect is the more conspicuous the higher the metabolic activity (the

proteosynthetic capacity) of the cell is. The compact nucleoli of inter-

phase nuclei from meristematic cells prove such idea (PI. II A). We

interpret the compact structure as a consequence of the high biogenetic

rhythm of the ribosomal panticlest at this stage of the cell cycle. Owing

to this the fibrillar component may only be deduced, being for the

greater pant „hidden" by the ribonucleoprotein granules. The metabolic

potential raises the volume of the nucleolus to a maximum in this phase.
From statistical data resullts a nucleo/nucleolar ratio of 4:1 to 3:1. A

particular structure, defined by us as reticulate-alveolar, is shown by

the nucleoli of nodal and internoidal cells in Chara fragilis (PL II B, C),

which might be explained by the orderly distribution of intranucleolar

chromatin. The interpretation of serial sections suggests the presence

inside the nucleolus of a network of small anastomosed channels, by

which some products biosynthesised at the level of the nucleolus are pos-

sibly carried towards the caryoplasm (PL III). The small channels are

bonded by granular-fibrillar matter. Sometimes a spatial segregation

of both components is observed, the axis of the „rib" being prevailing
fibrilar, while the margins are predominantly granular. This architec-

ture suggests that the loops of transcription active chromatin are distri-

buted in a more or less equal may at the periphery о fthe gap. If this

way of ithinking is valid, we might understand why the DNA loops can-
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— A. Nucleolus from a suspension cellular culture of Glycine
max L. with a relatively compact uniform structure.

— B. A nucleus with a nucleolus that shows distinct fibrilar and

granular zones intermingled but easily recognizable in a ten-day-old
cell from suspension culture of Oryza sativa L. The nucleolar vacuoles

surmounted by the granular zone is also well revealed.

Plate I
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— A. The compact aspect of the nucleolus (n) from the cell suspension

culture of Triticum monococcum L. (x 15.000) ; B. A particular reticulate alveolar

structure of the nucleoli of nodal (n) in Cham fragilis.

Plate II.

net be evidenced, but only deduced, being masked by the preribosomal

RNA transcripts whiten radiate from the DNA loops. Such idea coincides

only in part with those voiced before in the special literature (JORDAN

& LUCK, 1976 ; LUCK & LAFONTAINE, 1980 ; ASHRAF & GOD-

WARD, 1980).
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— Details of the reticulate alveolar structure of the nuclueolus from

Chara fragilis. The seggregatjon of the granular material in the meshes of the

nucleolar network is obvious (double Single arrow indicates miorotubular
bundles.

Plate III.

During its transcription and maturation the preribosomal RNA is

interacting with proteins giving rise to prerifoosomal ribonueleoproteic

partie les (FRANKE and coll, 1979 ; OLJNS and coll., 1980). The DNA-

loops together with the form the axial densely fibril-
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lar component of the „ribs". Concerning the granular component we

express the opinion that this is constituted of ribosomal subunits as well

as of ribosomes, a conception supported by the dimensional heteroge-

neity of the granules. The ribosomal subunits prevail in the immediate

vicinity of the fibrillar component while the larger granules — assimi-

lated to ribosomes — prevail in the meshes of the nucleolar network and

in the peripheral zone of the nucleolus. By forwarding this idea we

must admit the existence of a proteosynthetic 1 process at the level of

the nucleolus.

• The completely formed ribosomal subunits (40 S and 60 S) are

lastly segregated in these gap spaces and by a mechanism — difficult

to explain for the time being — are translocated towards the caryo-

plasm and hence irto the ciytosol. The gradular mass, evidenced in the

gap spaces, suport such idea. It is less probable that mers of gra-

nular matter were assimilated with the condensed chromatin, from

which transcriptional active DNA-loops are radiating, an idea promoted

by CHOUINARD (198)).

Such ~sponge-like" structure is not unique in the nucleoli of Cham

fragilis ; some gaps and small channels, of much smaller size, have

been described also from other taxonomic groupjs1 of plants, comprising

higher plants (CHIMENEZ-MARTIN and coll., 1977), pleading thus once

more for the validity of such kind of organization, which appears as

being very efficient from the functional point of view.

Further investigations are of course necessary to confer stature

to this architectural model of the nucleolus and for a deeper under-

standing of this model, evinced by us in Chara and reported in the

special literature also in other taxonomic groups of plants. However, be

it solely on the ground of these data, a revision of our conceptions

regarding the so-called „nucleolar vacuoles" (nucleolar vacuolar compo-

nent) becomes necessary, substituting this term by „nucleolar alveolar

labyrinth", much better representing the structure of this nebulous

nuclear organelle.

The nucleolus of the yasts distinguishes itself by ultnastructune

and dynamics from that of algae and cormophytes. Photon and electron-

density is low, rendering difficult a detailed analysis. It appears as a

slightly elongated formation, swollen at both endJä (dumb-bell shaped)

and having a fine granular structure. In the course of budding it is

disorganised and reorganised synchronic in the mother- and in the

daughter-nucleus. There seems to exist an equilibrium in the distri-

butiim of nucleolar material between the tjwo nuclei, but how it is

performed remains obstiure.

Sometimes the architecture of the nucleolus is amplified by a mas-

sive emission of nucleolar matter of granular aspect. This massive

expluslion of matter has been observed in Dunaliella viridis (PI. IV A

and B). We interpret this phenomenon as due to a genie amplification
(amplification of riboslornaä. genes),, as a response to momentary or

future physiological needs of the cell.

We agree with the opinion expressed in the special literature

(10, 11) according to which the nucleolonema irepresenits r-DNA an*d
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Plate IV. — Nucleus from Dunalliela viridis. A massive emission of nucleolar

matter is well observed.

some molecular species of RNA, among which dominant are those of

ribosomal precursor RNA or r-RNA.

The investigations intended to detect the effects of some xeno-

biotic fadtors upon the pliant cell have revealed profound chianges
at the level of the nucleus, but less obvious upon the nucleolus. The

most obvious change is the compacting of the nudeolus's structure

(PI. V).

It is well known that the nucleolus is an extremely dynamic struc-

ture, which is undergoing a drastic metamorphosis in the course of

the cell cycle, being disorganised at the end of the prophase and

being entirely reorganised in G*. Consequently the morpho-anatomy
of the nucleolus changes also .gradually from the telophase until the

beginning of the meitaphase. The intknaite mechanism of the biogene-
sis of the nucleolus is still barely explained. From the data offered

by light- and electron-microscopy it results that the nucleolus possesses

a stable component, assimilated to nudLeoprotein, and an unstable

granular component. The reorganization of the nucleolus is initiated

in the median telephase, at the same time with the expansion by

uncoiling of the nuclear organizer region. Parallel to uncoiling take

place the transcription of rRNA, the synthesis of ribosomal proteins

and consequently the biogenesis of [ribosomal subunits, which fact

is supported by the gradual accumulation of granular structures around

fibrillar structures. The completion in the organiaztion of the nucleo-

lus seems to occur in the first step of the interphase (Gj), when an

increase in volume of the nucleolus is observed, following the massive

accumulation of ribonucleoproteic particles.
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— Nucleoli (n) from the Triticum monococcum cellular suspen-

sion culture with compact aspects as results of the tratment with the

herbicide Diclofop methyl (175 (дМ) (A and B) and from the nucleus of

radicular meristem cells of Festuca pratenses Huds. afted seeds irradia

tion with doses of 30 Kr. (A — x 7,000 ; В — x 5,000 ; С — x 10,500).

Plate V.
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Plate VI. •— Ultrastructure of a cell of the radicular me.istem of Citrullus

lanatus (Thumb.) Mansf. The conexions of nucleolus with trie nucleolar

organizer are evident (A — x 15,000 ; В — x 21,000).
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— A. Sector from the nucleus of the internodal cells from Chara

fragilis. The great number of nucleoli confirmes the polyploid state of the cells

B, C. The Triticum monococcum nucleus ultrastructure from suspension culture.

The presence of 2—3 nucleoli confirms the different degrees of ploidy, induced

by in vitro conditions (B — x 6,500 ; С — x 10,000).

Plate VII.
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The EM images confirm the existence in the chromosome sets of

the studied species of chromosomes implijaalted in the biogenesis of

nucleoli („Con«) (PI. VI).
The peculiar aspect of the nucleolus in Chara fragilis suggests the

existence of several ~,Con" (PI. IV). The EM images from some poly-
ploid lines of Citrullus lanabus suggest the implication of two „Con"
in the genesis of one nucleolus (PI. VI). Thus we explain that there

is not always a correlation between the degree of ploidy and the num-

ber of nucleoli. The great number of nucleoli in the internodal cells

from Chara fragilis confirms the polyploid |sltate of 'these (PL VII).

Likewise, the presence in the nuclei of some cells from Trkicum

monococcum, grown in suspensions, of 2, 3 and more nucleoli confirms

the different degrees of ploidy of these, induced by „in vitro" con-

ditions (PI. VII).

(Rezumat)

Sînt prezentate rezultatele investigaţiilor EM ale nucleoliior de

1a unele specii de alge (Dunaliella viridis, Chara fragilis), ciuperci

(Saccharomyces cerevisiae, Candida robusta) şi angiosperme (Citrullus

lanatus, Aryza sativa, Triticum monococcum, Glycine maxima, Digitalis

purpurea, Solanum melongena, Helianthus annuus). Se remarcă struc-

tura unitară a nucleolului 1a diferite specii eucariote, rezultat al mixării

uniforme a celor două componente majore. Structura nucleoliior este

definită ca reticulat alveolară şi se avansează termenul de „labirint

nucleolar" pentru a defini ansamblul spaţiilor din masa nucleolară

generate de ordonarea spaţială a nucleolonemei şi implicit a subuni-

tăţilor ribozomale. Sînt reliefate unele aspecte ale dinamicii şi bioge-

nezei nucleolului.
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