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ABSTRACT. The presence of body-like structures in nuclei from interferon alpha-treated Daudi cells has
been shown on the ultrastructural level, by the use of different staining methods. The degree of their rearrange-
ment in the nucleoplasm seems to be dependent on the time of interferon treatment. Since this morphological evi-
dence has been found to be preceded by a slowing down of RNA transcriptional machinery early upon the inter-
feron administration, it is speculated that interferon generated signals might lead to RNP granule accumulation
in the nucleus and a consequent arrangement into defined structures.

In recent years the mechanisms related to the tran-
scriptional events such as processing and packaging of
RNAs in the cell nucleus have been largely investigated,
but so far, not completely clarified (16, 34, 32, 28). A
number of investigations have shown that nascent RNA
chains are associated with, and compacted by proteins
which can produce a regular arrangement of particles of
different sizes or be distributed irregularly but non-ran-
domly (27, ll, 9, 1). These RNP particles have been
demonstrated to be involved in a tremendous variety of
cellular processes including protein targeting and tran-

scription termination (19, 30, 13). Biological steps
which include synthesis, assembly and maturation of
transcripts, are followed by the release of RNAs from

the nucleus for consequent metabolic events (20, 35, 31 ,
22). A number of agents like hormones, chemicals,
growth factors and cytokines have been reported to in-
fluence cell metabolism by modulating the RNA tran-

scriptional mechanisms. Among these agents, inter-
ferons have been largely evidenced to produce a wide
spectrum of effects including modulation of gene expres-
sion, DNA metabolism and induction of antiviral state

i

n different cell lines (12, 15, 23, 25, 7).

In this paper, we report an ultrastructural analysis,
using different staining techniques, of RNP particle ar-
rangement induced by interferon alpha in Burkitt lym-
phoma cells.
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           MATERIALS AND METHODS

 Cell culture and interferon treatment. Daudi cells were
grown in stationary suspension culture at densities of 5 x 105
/ml in RPMI 1640 medium supplemented with 10% foetal
calf serum, glutamine, penicillin-streptomycin and neomycin.
Viability was determined by the trypan blue exclusion test.
For experiments cells were treated with 500 I.U./ml of recom-
binant interferon alpha type A (Hoffmann-La Roche) for peri-
ods up to 72 hours.
 Isolation of nuclei. Cells were resuspended in a buffer con-
taining 2mM MgCl2, 10mM Tris-HCl, pH7.4, 0.1mM
PMSF and 0.6% Triton X-100. The suspension was passed
four times through a syringe, then MgCl2 concentration was
brought to 5 mM and nuclei recovered by low-speed centrifu-
gation (i.e. 600xg for 10min).
 In vitro RNA synthesis. For the kinetic analysis of in vitro
RNA synthesis, incubations were performed at 25°C for indi-
cated times in a final volume of 300 [t\ containing 25 mM Tris-
HCl, pH8.0, 150mM KC1, 1.5mM dithiothreitol, 5mM
Mg(Ac)2, 1 mM each ATP, CTP and GTP, 0.1 mM [3H]UTP
(175 cpm/pmol) and 15 x 106 nuclei. Aliquots of the reaction
mixture were spotted, at the indicated times, on glass fiber
filters (Whatman GF/C) and immersed in ice cold 5% TCA
and 1% sodium pyrophosphate for a minimum of 10min
(21). Filters were washed in 1 N HC1 and in ethanol, then air
dried and counted in a nonaqueous scintillation fluid. The as-
say of RNA polymerase I activity was performed in the con-
trol and in 90-min treated nuclei in the presence of alpha ama-
nitin (200 /fg/ml) (29).
 Silver staining. Daudi cells were washed in PBS and fixed
in 1.6% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4 for
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15min at 4°C. Cells were post fixed in Carnoy's solution (1 : 3
acetic acid : ethanol) for 4 min at 4°C. Cells were gradually re-
hydrated in ethanol and rinsed in distilled water for 10 min.
The Ag-Nor procedure (14, 4) was applied. Cells were incu-
bated for 10min with 50% silver nitrate solution (1 g/2ml
H2O) under an infrared light (G.E. Industrial 250 W) at a dis-
tanceof 50cm in order to reach 45 to 55°C. After a quick
rinse in distilled water, the cells were incubated with an equal
mixture (1 : 1) of ammoniacal silver solution and developing
solution (3% formalin neutralized with sodium acetate and

then adjusted to pH 5.3 with formic acid) for 1-2 min until
the cells turned a pale yellow colour. Cells were rapidly rinsed
withdistilled water, dehydrated with increasing concentra-

tionsof ethanol, embedded in Epon 812 and sectioned for elec-

t

ron microscopy.

Bismuth staining. Cells were fixed with 3% glutaralde-
hyde in 0.1 M cacodylate buffer, pH 7.4, for 1 h at 4°C. After
30-min washings in cacodylate and TEA HC1 buffers, cells
were stained with bismuth tartrate according to the literature
(18). Bismuth solution was prepared as follows: 200 mg of bis-
muth oxynitrate was dissolved in 10 ml of 1 N NaOH contain-
ing 400 mg of sodium tartrate. When bismuth was completely
dissolved,20mlof 0.2M TEA HC1, pH 7.0, was added and

the pH was readjusted to 7.0. Bismuth-stained cells were
washedin 0.1 M TEA HC1 buffer, pH 7.0, centrifuged to a
loose pellet, ethanol-dehydrated and embedded in Epon 812.
Thin sections were observed using an electron microscope
withoug additional staining.

Bernhard's EDTA regressive staining. For Bernhard's
staining fixation was carried out for 1 hour at 4°C in 2.5% glu-
taraldehyde in Sorensen's phosphate buffer, pH 7.3. After al-
cohol dehydration, the cells were embedded in Epon 812 ac-
cording to the usual procedure. Sections were cut with an ul-
tramicrotome equipped with a diamond knife, mounted on
copper grids and stained according to the literature (3).
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Fig. 1. Effect of recombinant interferon alpha type A on Daudi cell
growth.

I. Robuffo et al.

RESULTS

The effect of DNA human recombinant interferon al-
pha on Daudi cell growth rate is reported in Fig. 1. Cells

Fig. 3. Ultrathin sections of Daudi cells after silver staining,
a=Control; b=after 72 hr interferon treatment. Arrowhead indi-
cates a body-like structure. Nu: nucleolus. ( x 12,000).

Fig. 2. Ultrathin sections of Daudi cells after bismuth staining. Larger arrowheads indicate the body-like structures.
a=Control; b=after 24 hr interferon treatment; c=after 48 hr interferon treatment; d=after 72 hr interferon treatment. Nu: nucleolus; ICG:
interchromatin granules; FC: fibrillar center; DF: dense fibrillar component, x 12,000. Inset: high magnification ( x 40,000).
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grown in unstirred suspension culture, double in num-
ber approximately every 30 hours. As shown, this cyto-
kine progressively reduces cell growth within 36 hours
and up to 3 days. Trypan blue exclusion test indicated
that majority of the cells were still viable at least up to 3
days of interferon treatment. The ultrastructural analy-
sis of control and treated cells has been performed by
comparison of samples using the bismuth and silver

staining techniques. In Fig. 2 ultrathin sections of con-
trol and interferon-treated samples after bismuth stain-
ing are shown. Sections evidence a progressive arrange-
ment of perichromatin granules into body-like struc-

tures in treated samples with respect to the control. The
occurrence of these body-like structures along with

their condensation level increases with the time of inter-
feron treatment (Table II and Fig. 2). In order to better
characterize the nature of these body-like structure, sil-
ver staining and Bernhard's techniques were applied.

Results (Fig. 3) disclosed that these structures can be de-
tected also by silver staining due to their ribonucleopro-
teinnature. Furthermore, Bernhard's method has re-
vealed that they were not bleached by EDTA suggesting
that, most likely, they do not contain DNA (Fig. 4). It is
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Fig. 5. In vitro endogenous RNA synthesis in nuclei isolated from
interferon-treated Daudi cells. (100% refers to % of in vitro RNA syn-

thesis of the control).
All data are the mean of at least five separate experiments.

worth noting that the occurrence of these morphologi-
cal rearrangements is preceded by an early inhibition,
with respect to the control, of in vitro total RNA synthe-
sis in the isolated nuclei which is evident only up to 8 hr
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Fig. 4. Ultrathin section of a body-like structure (arrowhead) stained by Bernhard's method. ( x 12,000).
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T

able I. Kinetic assay of RNA polymerase I activity

IN NUCLEI ISOLATED FROM CONTROL AND

INTERFERON-TREATED CELLS.

Spotting time 30'IFN 90'IFN 8 hr. IFN

0' 49±12 47±13 45±11 47+12

5' 291 ±32 232±30 162±29 285±35

20' 368±34 289±33 196±30 370±32

40' 406±38 296±31 211 ±28 412±36

Data are the mean of three separate experiments+S.D. C: Control

Table II. Percentage of Daudi cells containing
BODY-LIKE STRUCTURES.

Control 24 hr IFN48hrIFN

72hr IFN

46 61 82

Cells counted per sample: 200.

of treatment. Fig. 5, in fact, shows a distinct reduction
of 3H-UMP incorporation occurring early after inter-
feron treatment which is progressively restored to con-
trol values within 8 hr. To further investigate the invol-
vement of transcription process, the following were per-
formed: upon interferon treatment, nuclei were incu-

bated in the presence of alpha amanitin at a concentra-
tion of 200 fig/ml, which has been reported to inhibit
RNA polymerases II and III. This allows us to monitor
the effect of interferon on RNA polymerase I activity,
which is responsible for rRNA synthesis. Table I shows
with respect to the control, a reduction of the enzyme ac-
tivity which is maximal at/or around 90 min of inter-
feron treatment and returns to the control level within
8 hr of treatment.

DISCUSSION

The complexity, variety and versatility of RNP parti-
cles have emerged over the past few years from a large
number of reports which have stressed their involve-

ment in each step of the pathway of gene expression in
eukaryotic cells (10, 17, 26). Here we report an in-

triguing rearrangement of RNP polyparticles into clus-
ters which, often, can be observed around the periphery
of the nucleolus and whose complexity level seems to in-
crease with the time of interferon treatment. The nature
of these body-like structures has been investigated by
the use of different staining methods such as bismuth
staining which, upon glutaraldehyde fixation, does not

stain chromatin, in the nucleus but strongly contrasts

p

erichromatin and interchromatin granules.

Interestingly, silver grains in nuclei indicate the same
distribution as that of bismuth stain accounting for the
main ribonucleoprotein nature of these body-like struc-
tures. This finding is also supported by the results from

BernharcTs method which, revealing the absence or very
slight occurrence of EDTA bleaching, strongly rules out
for the DNA content of these structures. It is likely that
bismuth and silver revealed granules derived from part
of the RNA complexed into fibrils folded into a struc-
ture visualized as that of perichromatin granules which
must be transported to the cytoplasm for subsequent
protein processing (22). The finding of such clusters, of
which the main RNP composition has been determined,
allows us to speculate on the idea of an impairment of
transcriptional machinery by interferon-generated sig-
nals in the nucleus. Furthermore, the result of an early
decrease of in vitro RNA transcription occurring upon
interferon treatment, which may induce the accumula-
tion of the RNP granules in the nucleus and, in turn,
their arrangement into dense bodies during the time of
interferon treatment is of much interest. Since the inhi-
bition of interferon on cell proliferation becomes evi-
dent around 24 hr after treatment, the possibility of a
cascade of early signals generated by the interactions of
this cytokine with cell surface receptors (37, 24, 5, 6, 8)
can be envisaged leading to the occurrence, at ultrastruc-
tural level, of such body-like structures. The possibility
of association of these structures to the elsewhere re-
ported nuclear dense bodies (2, 36, 33), whose presence
in the nucleoplasm has been related to cell activity, re-
mains to be investigated.
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