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Abstract We investigated distribution of the nucleolar
phosphoprotein Nopp140 within mammalian cells, using
immunoXuorescence confocal microscopy and immuno-
electron microscopy. During interphase, three-dimensional
image reconstructions of confocal sections revealed that
nucleolar labelling appeared as several tiny spheres orga-
nized in necklaces. Moreover, after an immunogold label-
ling procedure, gold particles were detected not only over
the dense Wbrillar component but also over the Wbrillar cen-
tres of nucleoli in untreated and actinomycin D-treated
cells. Labelling was also consistently present in Cajal bod-
ies. After pulse-chase experiments with BrUTP, colocaliza-
tion was more prominent after a 10- to 15-min chase than
after a 5-min chase. During mitosis, confocal analysis

indicated that Nopp140 organization was lost. The protein
dispersed between and around the chromosomes in pro-
phase. From prometaphase to telophase, it was also
detected in numerous cytoplasmic nucleolus-derived foci.
During telophase, it reappeared in the reforming nucleoli of
daughter nuclei. This strongly suggests that Nopp140 could
be a component implicated in the early steps of pre-rRNA
processing.
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Introduction

The nucleolus is a prominent subnuclear compartment
assembled around clusters of tandemly repeated rDNA
genes, from which pre-RNAs are transcribed and subse-
quently modiWed, folded, processed and assembled into
small and large ribosomal subunits (Thiry and Goessens
1996). Three morphologically distinct nucleolar compo-
nents have been deWned in interphase cells: the Wbrillar cen-
tre (FC), the dense Wbrillar component (DFC) and the
granular component (GC). It is currently thought that each
of these three components correlates with a speciWc step in
ribosome biogenesis. During mitosis, in most eukaryotic
cells, the nucleoli disappear at the end of prophase and
reappear in daughter cells during telophase. Interestingly,
several lines of evidence suggest that the mitotic fate of
nucleolar components depends on their functional role in
ribosome biogenesis (Dundr et al. 1997, 2000; Dundr and
Olson 1998; Hernandez-Verdun and Gautier 1994; Scheer
et al. 1993; Thiry and Goessens 1996). Indeed, the elements
directly involved in rDNA transcription, such as RNA
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polymerase I (Pol I), upstream binding factor (UBF) or
DNA topoisomerase I, although inactive from prophase
until early telophase, remain mainly associated with the
nucleolus organizer region (NOR) throughout the diVerent
steps of mitosis (Chan et al. 1991; Guldner et al. 1986; Jor-
dan et al. 1996; Roussel et al. 1996; Scheer and Rose 1984;
Sirri et al. 1999; Weisenberger and Scheer 1995). On the
contrary, components involved in pre-rRNA processing are
concentrated in the perichromosomal sheath or in nucleo-
lus-derived foci (NDFs). They are re-utilized throughout
telophase in the formation of new nucleoli through diVerent
prenucleolar bodies (PNBs, Dundr et al. 1997, 2000; Dundr
and Olson 1998; Fomproix and Hernandez-Verdun 1999;
Hernandez-Verdun and Gautier 1994; Jimenez-Garcia et al.
1994; Savino et al. 1999, 2001; Verheggen et al. 2000;
Weisenberger and Scheer 1995).

The present study focussed on the nonribosomal, nucleo-
lar protein, Nopp140 (Meier and Blobel 1990). Originally
isolated from rat (Meier and Blobel 1990, 1992), this pro-
tein was later identiWed in human (Pai et al. 1995), Xenopus
(Cairns and McStay 1995), yeast (Meier 1996), Drosophila
(Waggener and DiMario 2002) and trypanosomes (Kelly
et al. 2006). Unlike most other nucleolar proteins, Nopp140
does not carry RNA-binding motifs or glycine/arginine-rich
stretches, as deduced from the known primary sequences of
diVerent species. On the contrary, its amino- and carboxy-
termini are separated by a long, central domain, consisting
of ten repeats of acidic serine clusters alternating with
lysine-, alanine- and proline-rich basic stretches. Most ser-
ine residues of the acidic repeats are phosphorylated by
casein kinase 2, which makes Nopp140 one of the most
highly phosphorylated proteins in the cell with »80 phos-
phates per molecule (Li et al. 1997; Meier and Blobel 1992;
Meier 1996). Despite these biochemical characteristics, the
biological functions of Nopp140 are still unclear. Interac-
tion of Nopp140 with p80-coilin, a constituent of the Cajal
body (CB, Andrade et al. 1991), suggests that Nopp140
functions as a molecular link between the nucleolus and the
CBs (Isaac et al. 1998). A mammalian nucleolar protein,
NAP57, has also been identiWed as a Nopp140-associated
protein, found in the DFC of the nucleolus and in the CBs
(Meier and Blobel 1994). Possible roles for NAP57 were
mostly deduced from analysis of its yeast homologue,
Cbf5p, characterized as a putative rRNA pseudouridine
synthase involved in rRNA synthesis and pre-rRNA pro-
cessing (Cadwell et al. 1997; Lafontaine et al. 1998). In
addition, Nopp140 associates with the two major classes of
small nucleolar ribonucleoprotein particles (snoRNPs,
Yang et al. 2000) which mainly catalyse rRNA modiWca-
tion (Lafontaine and Tollervey 1998). Thus, Nopp140
could function as a chaperone for the biogenesis and trans-
port of snoRNPs (Isaac et al. 1998; Meier 2005; Yang et al.
2000). However, unlike components implicated in pre-

rRNA processing, Nopp140 is not associated with the
NDFs and with the PNBs during mitosis (Dundr et al.
1997). On the other hand, Nopp140 was found to interact
with the largest subunit of Pol I, suggesting a role in rDNA
transcription (Chen et al. 1999). However, unlike the tran-
scriptional machinery of Pol I, Nopp140 does not associate
with the mitotic NORs (Dundr et al. 1997; Pai et al. 1995;
Schmidt-Zachmann et al. 1984; Tsai et al. 2008). Intrigu-
ingly, it has been shown previously that Nopp140 functions
as Pol II transcription coactivator, and interacts with the
general transcription factor TFIIB and a speciWc DNA
motif-binding transcription factor (Miau et al. 1997). How-
ever, the localization of Nopp140 in the nucleolus and the
CBs strongly suggests its involvement in cellular activities
carried out within these structures.

In order to shed light on the cellular function of
Nopp140, the present study re-investigated the precise loca-
tion of this protein within diVerent mammalian cells during
the cell cycle by immunoXuorescence confocal microscopy
coupled to three-dimensional (3D) image reconstructions
and immunogold electron microscopy. The results revealed
that Nopp140 was detected in the CBs and in the nucleoli.
In the latter case, the labelling of the FC and the surround-
ing DFC was organised in tiny spheres. These were rapidly
associated with ribosomal RNA transcripts as revealed by
pulse-chase experiments. During mitosis, Nopp140 was not
a NOR-associated protein, but it was dispersed in numerous
NDFs. The functional signiWcance of these Wndings is dis-
cussed.

Materials and methods

Biological materials

HeLa cells and HEp-2 cells were grown at 37°C under 5%
CO2 in Glasgow minimum essential medium (Life Tech-
nologies, Gent, Belgium) supplemented with 10% fetal calf
serum. Ehrlich ascites tumour cells (ELT) were grown in a
medium composed of 40% NCTC 109, 40% Hanks solu-
tion, 20% fetal calf serum, 100 U/ml penicillin. Some cul-
tures of ELT cells were treated for 1–2 h with 0.05 or
20 �g/ml actinomycin D (Sigma, St Louis, USA).

ImmunoXuorescence methods

The slides were simultaneously Wxed and permeabilized for
4 min at room temperature in 4% formaldehyde and 1%
(vol/vol) Triton X-100 in 0.1 M PBS (pH 7.4). After wash-
ing in PBS containing 1% BSA (w/v) and normal goat
serum (NGS) diluted 1/30, they were placed for 30 min at
37°C with anti-Nopp140 polyclonal antibodies (RF12 and
RE10; Meier and Blobel 1992) diluted 1/200 in PBS,
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containing NGS diluted 1/50 and 0.2% BSA. After rinsing
with PBS containing 1% BSA, the slides were incubated
for 30 min at 37°C with FITC-conjugated goat anti-rabbit
antibody (Sigma) diluted 1/100 in PBS containing 0.2%
BSA. After rinsing, the slides were mounted with Citi-
Xuor™ AF1 (Agar ScientiWc, Stansted, UK).

For double-labelling experiments, the slides were Wxed
for 5 min at room temperature in 4% formaldehyde in
0.1 M PBS (pH 7.4) containing 1% Triton X-100. They
were rinsed in PBS, and then in PBS containing 1% BSA,
as well as NGS and normal sheep serum (NSS), diluted 1/
30. They were incubated for 30 min at 37°C with anti-
Nopp140 polyclonal antibodies diluted 1/200 in PBS, con-
taining 0.2% BSA and NGS diluted 1/50. The slides were
washed with PBS containing 1% BSA and incubated for
30 min at 37°C with an FITC-conjugated goat anti-rabbit
antibody diluted 1/100 in PBS containing 0.2% BSA. After
rinsing, the slides were incubated for 30 min at 37°C with
rabbit anti-CHO nucleolin serum (kindly provided by
Dr F. Amalric) diluted 1/200 in PBS, containing 0.2% BSA
and NSS, diluted 1/50. The slides were washed with PBS
containing 1% BSA and incubated for 30 min at 37°C with
a biotinylated sheep anti-rabbit antibody (Roche Diagnos-
tics) diluted 1/100 in PBS containing 0.2% BSA. This sec-
ondary antibody was detected with streptavidin labelled with
Texas Red (Amersham Life Science, Little Chalfont, UK)
diluted 1/100 in PBS containing 0.2% BSA for 10 min.
After rinsing, the slides were mounted with CitiXuor AF1.

Pulse-chase experiments were carried out as previously
described by Thiry et al. (2000, 2008).

Confocal microscopy and three-dimensional visualisations

A Biorad 1024ES system (Bio-Rad, Hercules, CA, USA),
mounted on an inverted IX70 Olympus optical microscope,
was used. Acquisitions, made using a planapochromat 60£,
1.4 numerical aperture oil immersion objective, were per-
formed by exciting the FITC with the 488-nm line of a
Krypton/Argon laser. The emission light was collected
through a band-pass Wlter at 522 § 16 nm. Phase contrast
images were collected simultaneously on a speciWc detec-
tor. For 3D investigations, 30–50 optical sections were
recorded from the top of the cell with a 0.5-�m z-step and
reconstructed as described (Heliot et al. 1997; Klein et al.
1998). Surfacic visualization was then applied (Cheutin
et al. 2002; Klein et al. 1998).

Immunoelectron microscopy

Culture, permeabilization, incorporation and washings
were all carried out at room temperature, in Petri dishes.
Cells were Wxed for 60–90 min in 4% formaldehyde in
0.1 M Sörensen’s buVer (pH 7.4). After Wxation, the cells

were washed in Sorensen’s buVer, dehydrated through
graded ethanol solutions and then processed for embedding
in Lowicryl K4M according to the technique of Roth
et al. (1981). The immunolabellings were performed as
previously described (Vandelaer and Thiry 1998). For
immunolabelling, several primary antibodies were used:
anti-Nopp140 polyclonal antibodies (diluted 1/200), anti-
CHO and human nucleolin serum (diluted 1/200) from
rabbit (kindly provided by Dr F. Amalric), anti-B36 Mab
P2G3 (diluted 1/20; Christensen et al. 1986; kindly
provided by Dr F. Puvion-Dutilleul) and anti-p80 coilin
polyclonal antibody (diluted 1/100) from rabbit (Carmo-
Fonseca et al. 1992; kindly provided by Dr R. Deltour).
Two control experiments were carried out, in which either
the primary antibodies were omitted, or the sections were
incubated with antibody-free gold particles. The ultrathin
sections were stained with uranyl acetate and lead citrate
before examination in a Jeol CX 100 II electron microscope
at 60 kV.

Quantitative evaluations

Since the electron-dense marker used in the immunogold
technique is particulate, the density of labelling can be quan-
tiWed. As demonstrated previously, only antigenic sites
exposed at the surface of the sections can interact with the
antibodies (Bendayan 1984). Therefore, the labelling density
is independent of the section thickness but is directly related
to the areas occupied by each of the intracellular compart-
ments. Since diVerences in observed labelling densities reX-
ect relative diVerences in the concentration of antigenic sites,
only relative comparisons between intensities can be consid-
ered. To evaluate the labelling density, the area of each com-
partment (Sa) was estimated using a morphometrical
approach by the point-counting method (Weibel 1969).
Then, the number of gold particles (Ni) present over each
compartment was counted and the labelling density (Ns) cal-
culated (Ns = Ni/Sa). Values obtained on the resin and the
cytoplasm can be considered as background staining.

Results

Localization of Nopp140 during interphase

In order to analyse the intracellular location of Nopp140, an
indirect immunoXuorescence method was applied on HeLa
cells, simultaneously Wxed with formaldehyde and perme-
abilized with Triton X100. After probing Nopp140 either
with a polyclonal antibody (RF12) more speciWc for
rodents or a polyclonal antibody (RE10) more speciWc for
primates, the labelling was analysed by confocal micros-
copy. Similar results were obtained in both cases. Comparison
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between a phase contrast image (Fig. 1a) and a single opti-
cal section (Fig. 1b) showed that Nopp140 labelling was
found in most parts of the nucleoli. In addition, the label-
ling was observed in extranucleolar dots, which are remi-
niscent of Cajal bodies, as observed for cells stained with
anti-p80 coilin antibodies (Meier and Blobel 1994). In the
control experiments, no label was seen when anti-Nopp140
antibodies were replaced by preimmune serum. The 3D dis-
tribution of Nopp140 was obtained by volume reconstruc-
tion from the stack (z-series) of confocal optical sections,
visualized either as a projection (Fig. 1c), or as a volume
with surfacic rendering mode (Fig. 1d). Nopp140 labelling
was seen as multiple Xuorescent spots that were grouped in
clusters (Fig. 1b, c). The Xuorescent spots are individual
beads, 0.5 �m in diameter, which are organized as a neck-
lace (Fig. 1d).

To localize precisely Nopp140 with regard to the nucleo-
lar ultrastructural components, immunoelectron micros-
copy experiments were performed on ultrathin sections of
Lowicryl K4M-embedded HeLa, ELT and HEp-2 cells.
The results were similar with all three cell types and both
antibodies to Nopp140. Gold particles were clearly evi-
denced over the DFC and the FC, notably in the peripheral
region of this compartment (Fig. 2a, b). On the contrary,
both the GC and the condensed chromatin were completely
devoid of labelling. These observations were conWrmed
after quantiWcation of the labelling density over the diVer-
ent cellular compartments in three diVerent cell types
(Table 1). Indeed, the labelling density was very high over
the DFCs, but it was still signiWcant over the FCs. By con-
trast, the labelling density was very low over the GC, and
its value was not signiWcant in the nucleoplasm. The distri-
bution of Wbrillarin and nucleolin in three cell types was
investigated using speciWc antibodies revealed by gold par-
ticles. The electron micrographs showed that anti-B36 anti-
bodies, directed against Wbrillarin, preferentially labelled
the DFC (Fig. 2c), whereas anti-nucleolin antibodies
strongly marked the GC and the DFC (Fig. 2d). However,
in both cases, no labelling was observed over the FCs.

The nucleolar distribution of Nopp140 was also studied
in cells treated with actinomycin D. This transcriptional
inhibitor induces a complete reorganization of the nucleolar
ultrastructural compartments, whose disposition with
respect to the condensed chromatin becomes polarized. As
observed in previous studies (Thiry and Goessens 1996),
the order of succession is always as follows: condensed
chromatin–FC–DFC–GC. When cells were submitted to
actinomycin D, Nopp140 was located in both Wbrillar com-
ponents (DFC and FC) of segregated nucleoli (Fig. 3a). In
contrast, no label was present over the GC. In the same
experimental conditions, Wbrillarin was detected in the DFC
of segregated nucleoli (Fig. 3b), and nucleolin was seen
both over the GC and the DFC (Fig. 3c). In both cases, the
FCs were totally devoid of gold particles.

Finally, immunoelectron microscopy experiments were
performed on ultrathin sections of HeLa, ELT and HEp-2
cells in order to determine whether the extranucleolar label-
ling observed with anti-Nopp140 antibodies corresponded
to CBs (Fig. 4). An antibody directed against p80 coilin, a
speciWc marker of CBs, unambiguously conWrmed that this
nuclear compartment was similar to that revealed with the
Nopp140 probes (data not shown). After quantiWcation, the
labelling density over the CBs was comparable to that
obtained over the DFC of the nucleolus (Table 1).

Having localized Nopp140, we attempted to determine
whether this location corresponds to a particular stage in
the formation of pre-rRNAs within the nucleolus. To per-
form this study, the spatial distribution of pre-rRNAs
(Fig. 5, green) obtained in HeLa cells lipofected with
BrUTP for increasing times of chase was compared to that
of Nopp140 (Fig. 5, red) on single optical sections. After
short chase periods, the relative surface of colocalization of
the two signals in the nucleoli was low. BrUTP labelling
was detected as round spots at the centre of nucleoli,
whereas the Nopp140 labelling occupied a wider zone
(Fig. 5a–c). Colocalization of Nopp140 and BrUTP was
assessed with MetaMorph software. A scatter-plot was used
to select the pixels which displayed high levels of both

Fig. 1 Distribution of Nopp140 in a HeLa cell during interphase ob-
served by confocal microscopy. a Phase contrast, b optical section, c
projection of the z-series, d surfacic visualisation of the volume.
Results show a strong labelling localized in the cell nucleoli and in the

nuclear Cajal bodies. As revealed by 3D reconstructions, the nucleolar
labelling is organized as spherical spots grouped in clusters (c, d). Bar
is 5 �m
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green and red, thus corresponding to colocalizing species.
As quantiWed from Fig. 5a, b, 65.3% of Nopp140 labelling
overlapped with the BrUTP signal within the nucleoli after

5-min incorporation. Fifteen minutes after transfection
(Fig. 5d, e), quantiWcation revealed that 89.3% of Nopp140
colocalized with the nucleolar transcripts. Indeed, BrRNAs

Fig. 2 Immunoelectron micros-
copy localization of Nopp140, 
Wbrillarin and nucleolin within 
the nucleolus. Ultrathin sections 
of HeLa (a) and ELT (b–d) cells 
were immunolabelled with spe-
ciWc anti-serum RE10 (a) and 
anti-serum RF12 (b), corre-
sponding to anti-Nopp140 anti-
bodies, and with antibodies 
directed against Wbrillarin (c) 
and nucleolin (d). a, b Gold par-
ticles are located over the Wbril-
lar centres (FC) and the dense 
Wbrillar component (DFC), 
while the granular component 
(GC) is devoid of label. c The 
DFC is labelled by anti-Wbrilla-
rin antibodies. The FCs and the 
GC are not labelled. d Both the 
FCs and the GC are strongly la-
belled by anti-nucleolin antibod-
ies, while the FCs are devoid of 
labelling. CH condensed chro-
matin. Bars are 0.2 �m

Table 1 Gold particle densities (number of particles per square micrometre) over the diVerent structural compartments in HeLa, ELT and HEp-2
cells after immunogold labelling using anti-Nopp140 antibodies (RE10 or RF12); 552, 654, 633 and 228 gold particles were counted, respectively

Student’s t-test for cellular compartments vs. resin or cytoplasm (*P < 0.01)
a Condensed chromatin included

Mean values § SEM

HeLa cells ELT cells HEp-2 cells

RE10, n = 12 RF12, n = 19 RE10, n = 12 RE10, n = 9

Nucleus

Nucleolus

Fibrillar centres 5.36 § 1.33* 5.72 § 2.30* 6.64 § 2.53* 7.36 § 2.25*

Dense Wbrillar component 18.45 § 5.30* 20.33 § 7.18* 22.59 § 4.32* 23.79 § 5.95*

Granular component 1.63 § 0.91 1.40 § 0.52 1.40 § 0.51 2.52 § 0.94

Nucleoplasma 1.01 § 0.13 0.54 § 0.19 0.48 § 0.14 0.36 § 0.22

Cajal bodies 18.12 § 5.45* 17.11 § 5.74*

Cytoplasm 0.62 § 0.49 0.55 § 0.31

Resin 0.92 § 0.12 0.80 § 0.27
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and Nopp140 displayed almost identical patterns in the
nucleoli, as seen on the overlay (Fig. 5f).

Fate of Nopp140 throughout mitosis

Nopp140 labelling was analysed in HeLa cells by confocal
microscopy during the various steps of mitosis, after an
indirect immunoXuorescence labelling procedure. During
prophase, Nopp140 was associated with disintegrated
nucleoli (Fig. 6a–f). The labelling was less structured than

during interphase and consisted of several large spots and
many Wne Xuorescent foci. It progressively dispersed in the
nucleoplasm between the chromosomes (Fig. 6c) and after
the breakdown of the nuclear envelope became cytoplasmic
(Fig. 6e, f). In metaphase (Fig. 6g, h), the labelling was
totally disorganized. However, it seemed preferentially
located in the perichromosomal regions on both sides of the
metaphase plate (Fig. 6g). Although most labelling was
diVuse, brighter spots were also evidenced. Clearly, NORs
were not stained by anti-Nopp140 antibodies, in contrast to

Fig. 3 Immunoelectron micros-
copy localization of Nopp140 
(a), Wbrillarin (b) and nucleolin 
(c) within the nucleolus in cells 
treated with actinomycin D. 
Ultrathin sections of ELT cells, 
treated for 2 h with 0.05 �g/ml 
actinomycin D, were immunola-
belled with anti-Nopp140 
(RE10) (a), anti-Wbrillarin (b) 
and anti-nucleolin (c) antibod-
ies. a In the segregated nucleo-
lus, labelling was clearly 
evidenced over the FCs and the 
DFC, while the GC displayed 
only a few rare gold particles. 
b The DFC of the segregated 
nucleolus is the only compart-
ment labelled by anti-Wbrillarin 
antibodies. No labelling was ob-
served over the FCs and the GC. 
c Both the DFC and the GC were 
labelled by anti-nucleolin anti-
bodies, while the FC was devoid 
of particles. Bars are 0.2 �m
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what was observed with antibodies directed against Pol I
(Heliot et al. 1997), UBF (Klein et al. 1998) or pp135
(Weisenberger and Scheer 1995). In anaphase (Fig. 6i, j),
the labelling was homogeneously distributed throughout

the cytoplasm, but brighter spots were also detected
between the separating chromosomes (Fig. 6i). During telo-
phase (Fig. 7a–t), Nopp140 labelling was clearly cytoplas-
mic, as it was mainly seen around the reforming daughter
nuclei (Fig. 7b–k). However, a few faint nuclear spots were
seen in mid-telophase (Fig. 7e–l). In later stages of telo-
phase, the intensity of these spots progressively increased
(Fig. 7m–p). The presence of Nopp140 in the cytoplasm of
cells during telophase was clearly evidenced by using a
double labelling with nucleolin, a marker of NDFs (Fig. 8).

Discussion

This study revealed that the nonribosomal protein Nopp140
is located in nucleoli and CBs of mammalian cells during
interphase and is associated with the NDFs during mitosis.

Its behaviour during mitosis is similar to that of proteins
involved in pre-rRNA processing. Indeed, we showed that
Nopp140, like components implicated in pre-rRNA pro-
cessing, including U3 snoRNA, Wbrillarin, nucleolin and
proteins B23 and p52, accumulates in perichromosomal
regions and in numerous NDFs between prometaphase and
late telophase (DiMario 2004; Dundr et al. 1997; Dundr

Fig. 5 Time-dependent migra-
tion of BrUTP-rRNAs in com-
parison with Nopp140-positive 
sites within the nucleolus. Dou-
ble immunoXuorescence detec-
tion of BrUTP-labelled rRNAs 
(green, a, d) and Nopp140 (red, 
b, e) in HeLa cells cultured in 
medium without BrUTP for 
5 min (a–c) and 15 min (d–f) af-
ter lipofection with BrUTP-Fu-
Gene-6 complexes and observed 
on single optical sections. Over-
lay of green and red signals (c, 
f). Bar is 5 �m

Fig. 4 Immunoelectron microscopy localization of Nopp140 in ex-
tranucleolar regions of cell nuclei. The micrograph displays a Cajal
body of a HEp-2 cell in which Nopp140 is detected. CH condensed
chromatin. Bar is 0.05 �m
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and Olson 1998; Hernandez-Verdun and Gautier 1994).
However, using double-immunoXuorescence labelling of
speciWc NDF markers, Dundr et al. (1997) concluded that
Nopp140 was not associated with the NDFs from anaphase
to telophase in diVerent types of mammalian cells. These
structures could be diVerent from those previously reported.
In previous immunoXuorescence experiments, p130, the
human homologue of Nopp140, appeared to be located in
granular structures, resembling the PNBs at telophase (Pai
et al. 1995). Similar observations were obtained with the
Xenopus homologue of the rat nucleolar protein Nopp140,
xNopp180 (Schmidt-Zachmann et al. 1984). These data
already suggest that Nopp140 could belong to components
involved in pre-rRNA processing. More recently, it has
been demonstrated that Nopp140 interacts with both classes
of snoRNPs, required for rRNA modiWcation and process-
ing, and that it functions as a chaperone for their biogenesis
and intranuclear transport (Isaac et al. 1998; Yang et al.
2000). In agreement with our ultrastructural localizations of
Nopp140, snoRNAs have been detected preferentially in
the DFC of nucleoli. By in situ hybridization at the electron
microscope level, U3 snoRNA has been visualised essen-
tially in the DFC (Puvion-Dutilleul et al. 1991). This RNA
catalyses the initial processing of the 5� external transcribed
spacer and also the subsequent processing events around
the 18S region (Hughes 1996; Kass et al. 1990; Savino and
Gerbi 1990). Other snoRNAs, such as MRP and U8, which
catalyse respectively the processing within internal tran-
scribed spacer I, and at the 5.8S and 28S borders (Chu et al.
1994; Peculis and Steitz 1993; Schmitt and Clayton 1993),
have also been located in the DFC or in a subregion thereof
(Jacobson et al. 1995; Matera et al. 1994; Reimer et al. 1988).

Our 3D reconstruction through interphase cells clearly
indicates that the Nopp140 labelling appears as beads orga-
nized in necklaces in the nucleolar volume. Moreover, we
showed that Nopp140 is present in the DFC of nucleoli, as
previously reported (Meier and Blobel 1992), but is also
seen in the FCs. This discrepancy probably arises from
diVerences in Wxation procedures. Indeed, we noticed that
the presence of 0.1% glutaraldehyde in the Wxation buVer
abolishes the labelling in both Wbrillar components of
nucleoli. In the Wrst assay for locating Nopp140 at the ultra-
structural level, 0.05% glutaraldehyde was employed in the
Wxation solution, and a clear labelling was only found in the
DFC. Interestingly, this nucleolar distribution coincides
with the 3D and ultrastructural location of pre-rRNAs as
observed after a short pulse with BrUTP (the present study
and Thiry et al. 2000). In previous double immunoXuores-
cence labelling experiments, it has been further demon-
strated that Nopp140 colocalized with Pol I in the nucleolus
(Baran et al. 2001; Chen et al. 1999; Tsai et al. 2008). How-
ever, contrary to proteins involved in rDNA transcription

Fig. 6 Confocal microscopy analyses of Nopp140 distribution in
HeLa cells from prophase to anaphase. Single optical sections (a, c, e,
g, i) and projections of the corresponding z-series (b, d, f, h, j) show
Nopp140 distribution during the Wrst steps of mitosis. a–d Early pro-
phase, e–f late prophase, g–h metaphase, i–j anaphase. Bars are 5 �m
123



Histochem Cell Biol
such as Pol I, UBF, DNA topoisomerase I, TATA-binding
protein (TBP), TBP-associated proteins and transcription
terminator factor TTF-1 (Chan et al. 1991; Guldner et al.
1986; Jordan et al. 1996; Roussel et al. 1996; Scheer and
Rose 1984; Sirri et al. 1999; Weisenberger and Scheer
1995), our results also show that Nopp140 is not associated

with the NORs throughout mitosis. These results indicate
that Nopp140 is not an element of Pol I transcriptional
machinery, even though it is located in the vicinity of the
rDNA sites during transcription, which have been shown to
be located in the FCs in previous reports (Cheutin et al.
2002; Derenzini et al. 2006). Interestingly, it has been

Fig. 7 Confocal microscopy 
analyses of Nopp140 distribu-
tion in HeLa cells during telo-
phase. a–d Selection of four 
optical sections of z-series dis-
playing a cell in early telophase. 
e–h, i–l Selection of four optical 
sections of z-series displaying a 
cell in mid-telophase. m–p 
Selection of four optical sections 
of z-series displaying a cell in 
late telophase. q–t Selection of 
four optical sections of z-series 
displaying a cell at the beginning 
of G1. Bars are 5 �m
123
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shown that Pol I transcription was arrested in nucleoli
depleted of snoRNPs, raising the possibility of a feedback
mechanism between rRNA modiWcation and transcription
(Yang et al. 2000). All these data suggest that Nopp140
should be a component implicated in pre-rRNA processing
at the rDNA transcription active sites.

Contrary to previous immunogold labelling assays, we
observed never curvilinear tracks that extended for microns
across the nucleoplasm from the DFC of the nucleolus to
the nuclear pore complexes. However, such tracks have
never been visualised in immunoXuorescence preparations
and our ultrastructural results are entirely consistent with
the previous immunoXuorescence observations (Meier and
Blobel 1992, 1994). Indeed, the only nuclear structures to
be labelled outside the nucleolus are the CBs. In the present
study, we also showed the labelling distribution at the ultra-
structural level. The presence of Nopp140 in CBs supports
the view that these nuclear structures are involved in
nucleolar functions (Isaac et al. 1998; Meier and Blobel
1994; Verheggen et al. 2001a, b). Their content in diVerent
snRNAs suggests that CBs may play a general role in the
cell such as import, assembly and storage of components

implicated in diVerent steps of both nucleolar and extranu-
cleolar RNA metabolism.
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