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SUMMARY 

High resolution autoradiography of isolated yeast nuclei has been used to investigate the distri- 
bution of newly formed RNA in the nucleus. The nuclei were isolated after incubation of sphero- 
masts with 3H-uracil for 5 min. Most grains (80 %) are located over the dense crescent. In the 
dense crescent the grains seem to be associatedwith.the nucleolonema. An analysis of the nuclear 
RNA on polyacrylamide gels shows that the incorporated 3H-uracil is predominantly present 
in the initial (37s) ribosomal precursor RNA. The EM autoradiographic and biochemical data, 
taken together, strongly suggest that we have to ascribe a nucleolar function to the dense crescent 
of the yeast nucleus. 

When isolated yeast nuclei are observed by 
means of the phase-contrast microscope, a 
crescent-shaped segment of high optical 
density can be discerned [l]. EM studies have 
ascertained it to be very likely that this 
crescent is equivalent to the mammalian 
nucleolus. A large part of the “dense crescent” 
is occupied by a structure strongly resembling 
the nucleolonema of the mammalian nuc- 
leolus. Moreover, a correlated biochemical 
and electron microscopic study has shown 
that the dense crescent consists mainly of 
RNA and protein [2], 

The exponentially growing yeast cells from 
which the nuclei are isolated are endowed 
with a very high rate of synthesis of ribosomal 
RNA and a high ribosomes content [I]. Thus 
it is not surprising that yeast nuclei, com- 
pared with nuclei of animal cells, contain a 
relatively large amount of RNA which is 
mainly ribosomal precursor RNA [3]. Evi- 
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dence has come from several sources [3-51, 
that in yeast both species of ribosomal RNA 
derive from a common large precursor 
molecule. Hence it is clear that yeast, one of 
the most primitive eukaryotes, possesses a 
mechanism for the processing of ribosomal 
RNA which resembles that of higher eukaryo- 
tes. This raises the question whether, in 
yeast, as in higher eukaryotes, the ribosomal 
precursors will be confined to the region of 
the nucleus resembling a nucleolus. 

In order to obtain an insight into the 
intranuclear localization of the ribosomal 
precursor RNA, we have performed pulse 
labelling experiments with 3H-uracil followed 
by electron microscopic autoradiography. 

MATERIALS AND METHODS 

Organism and isotope 
The experiments were performed with spheroplasts 
[l] of the yeast strain Saccharomyces carlsbergensis, 



no. 74 from the British National Collection of Yeast 
Cultures. The spheroplasts were incubated (27°C) at 
a cell density of 7 ): 10V per ml in a medium containing, 
per ml: 120 mg mannitol, 10 mg glucose, 0.2 pg Of 
resp. thiamine HCl, riboflavin phosphate, nicotina- 
mide, pyridoxal HCI, calcium pantothenate, biotin 
and inositol, 15 pM(NH,),SO,, 1 PM MgCl, and 20 
$vI sodium-potassium phosphate, pH 6.3. After 
preincubation for 15 min 3H-uracil (spec. act. 20 
Ci/mM; Philips Duphar) was added to make a final 
concentration of 10 &i/ml. Incubation was then 
continued for 5 min. After labelling, the spheroplast 
suspensions were rapidly chilled and the spheroplasts 
harvested by centrifugation at 3 000 g for 5 min, at 

Preparation of nuckei 
The nuclei were isolated as described elsewhere [l, 61. 

Preparation and electrophoresis of RNA 
For the extraction of RNA, a suspension of nuclei 
(2 x 10g) was treated with 100 ,ug DNase (Worthington, 
RNase free) for 12 min at 27°C [6]. RNA was thenex- 
tracted essentially as described by Parish & Kirby 16, 
71. Acrylamide gel electrophoresis was performed ac- 
cording to Loening [S] and Bishop et al. [9] at 20- 
25°C in 2.4 % (w/v) acrylamide gels, prepared with 
0.12 (v/v) ethylene diacrylate as a cross-linker. 
After electrophoresis the gels were scanned at 266 nm 
in a Zeiss spectrophotometer (slit 0.1 x 0.4 cm), that 
was adapted for this purpose and combined with a 
Beckman recorder 161. The gel was then frozen on drv 
ice and was cut it& 0.1 cm slices. These were solu- 
bilized in 0.5 ml 1 N NH,OH in a scintillation vial 
for 2 h at 20-25°C. For radioactivity measurements 
14.5 ml of a 6 : 23 (v/v) mixture of Triton X-100 and 
a toluene solution of PPO and POPOP was added. 
Radioactivity was measured in a Mark I liquid scin- 
tillation. counter (Nuclear Chicago) [6]. 

Preparation for electron microscopy 
The nuclear pellets were prenared for electron micro- 
scopy as described previousiy [2] with one modifica- 
tion: 2 % solution of glutaraldehyde was used instead 
of a 5 % solution 

Electron microscopic autoradiography 
One part of Ilford L-4 Nuclear Research emulsion, 
diluted with 2 Darts of distilled water. was melted 
and carefully stirred with a glass rod fbr 14 min at 
45°C. The emulsion was then cooled at 0°C for 4 min 
and kept for 5-10 min at room temperature. Grids 
containing thin sections were coated with a 50 A 
evaporated carbon layer, mounted on alcohol- 
cleaned obiective slides and anolied with a monolaver 
of emulsion according to the wire loop technique 
described bv Caro et al. 1101. Autoradiouraohs were 
stored for Bpprox. 4 months at 4°C in lfght-tight 
boxes containing silica gel and developed by use of 
the method of Wisse & Tates [ll] which involves 
gold latensification and don-ascorbic acid develop- 

ment. This method was modified in such a way that 
the autoradiographs were developed for 4 min instead 
of 7.5 min. 

Autoradiographs were fixed with hardening fixer 
for 3 min, washed 3 times in distilled water and care- 
fully removed from the objective slides. Pictures of 
grains-associated nuclei were taken at x 12 000 with 
a Philips EM 300 electron microscope. Final magnifi- 
cation for grain counting and surface measurements 
was x 80 000. 

The surface areas of dense crescent and chromatin 
were estimated by superimposing a regdar point 
lattice (distance between points = 1 cm) on the electron 
micrographs and counting tbe points over dense 
crescent and chromatin area respectively according t5 

Weibel et al. [12]. After normalizing the total number 
of points to the total number of grains counted, the 
grain density was expressed as the ratio of number 
of grains to number of points. 

Enzymatic extraction of isolated nuclei 
The procedure for the enzymatic extractim of fixed 
nuclei and the chemical analysis of the nuclei after 
enzymatic extraction has been described previorady 

Fig. 1. Abscissa: cm travelled and slice number; 
ordinate: (left) ODds6; (right) dpm x lo-“. 

Acrylamide gel electrophoretic analysis of nuclear 
RNA (from 1.4 x lo9 nuclei). Electrophoresis was for 
90 min at 5 mA per gel. ---, optical density; Q- 
3H-uracil. The optical density in the 4S region ii 
due to degraded DNA. 
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Fig. 2. Yeast nucleus (x 66 000). The grains are mainly located on the dense crescent and preferentially on its 
nucleolonema. de, dense crescent; chr, chromatin. For further explanation see text. 

[2]. The fixed nuclei (2 x 109) were resuspended in 
2 ml 0.5 mM MgCl,-0.01 M Tris-HCl, pH 7.4, con- 

The radioactivity profile shows a predominant 

taining either RNase (30,ug/ml) or RNase (same cont.) 37 S peak and some radioactivity in the 28 S 
+ DNase (30 ,ug/ml). region. Some rapidly labelled polydisperse 

RNA and 4-7s RNA is present. It is clear 

RESULTS 
from the radioactivity pattern of the nuclear 
RNA that the radioactivity is predominantly 

An analysis of the nuclear RNA after a 5 present in the 37s and 28s ribosomal pre- 
min pulse with 3R-uracil is presented in fig. 1. cursors [3, 61. 
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Table I. Grains counted in 20 EM autoradio- 
graphs of yeast nuclei 

Dense 
crescent Chromatin Total 

Grains (A) 903 205 1 108 
Pointsa 1 741 1 397 3 138 
Points, normalized to 
total grains (B) 615 493 1108 

Ratio (A/B) 1.5 0.4 1.0 

a Details on surface measurements are given under 
Materials and Methods 

In fig. 2 an EM autoradiograph of a yeast 
nucleus is shown. The grains are not distri- 
buted equally over the nucleus, but concen- 
trated in the region occupied by the dense 
crescent. In order to gain more insight into 
the distribution of grains over the dense 
crescent and the chromatin respectively, the 
grain density was determined in 20 nuclei. 
The results are shown in table I: the grain 
density in the dense crescent is at least thrice 
as high as in the chromatin. 

Pn table 2 the results of controls are 
presented. We have shown previously [2] 
that the chemical composition of fixed nuclei 
which have been incubated in buffer without 
enzyme is the same as the composition of 
nuclei that are not incubated (“cold con- 

Table 2. DNA and RNA content and radioac- 
tiuity of fixed nuclei, following incubation with 
nucieases 

Conditions 
DNA 
(%I 

RNA 
(%> 

Radio- 
activity 
( %) 

Control (cold) 100 100 100 
RNase 97 23 
RNase + DNase 20 22 :: 

The results are expressed as percentages of the DNA 
and RNA contem and amount of radioactivity of 
control nuclei 

fixed nuclei with 

90 % of the radioactivity: this sho 
radioactivity was incorporated only in RNA. 
0n EM autoradiographs of the RWase- 
treated nuclei it appeared that only a. few 
grains per nucleus were present (not shown). 

We did not perform a quantitative study 
distribution within the dense 

owever, the grams seem to be 
associated with the (electron-dense) nucleo- 
lonema. 

An analysis of the pulse-labelled nuclear 
RNA on acrylamide gel has shown that the 
main body of nuclear radioactivity is present 
in the 37s ribosomal precursor (fig. I). 
These results have prompted us to investigate 
the distribution of radioactivity within the 
nucleus by means of electron microscopic 
autoradiography. From the gram densities. 
given in table 1, it can be concluded that per 
unit of nuclear volume about three times more 
radioactive RNA is present in the dense 
crescent than in the chromatin. As we know 
from phase contrast- and electron microscopy 
that nearly half of the nuclear content is 
taken up by the dense crescent, this n;eans 
that the greater part of the nuclear radioactive 
RNA is located in the dense crescent. As, 
according to the electrophoresis pattern, 
most of tbe nuclear radioactivit 
in the 379: ribosomal precursor 
tempting to assume that most, 
all of the 37s precursor is located in the 
dense crescent. In this connection it is w-orth- 
while to mention our observation that the 
grains are preferentially located above the 
nucleolonema of the dense crescent. Our 
results from electron microscopic autora 
graphy support our view from previously 
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published data [2, 31 that the dense crescent 
of the yeast nucleus may be functioning as 
a nucleolus. 

The loose and sponge-like structure of the 
dense crescent may be related to the high 
rate of synthesis of ribosomal RNA in 
exponentially growing yeast. The nucleus of 
the yeast cell is very actively engaged in the 
synthesis of ribosomal RNA. This is illus- 
trated not only by a very high content of 
ribosomal precursor RNA [3, 61 but also by 
the data of Ret&l & Planta [13] and Halvorson 
et al. [14, 151. These authors have estimated 
that a strikingly large part of the genome 
(about 2%) is occupied by rRNA cistrons. 
Thus it is not surprising that in exponentially 
growing yeast cells a nucleolus comprises a 
large part of the nucleus. 

In order to answer definitively the question 
whether the dense crescent has a nucleolar 
function, we have performed experiments 
that lead to the isolation of dense crescents 
relatively free of chromatin. A report of these 
experiments will be published in a forth- 
coming paper [16]. 
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