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SUMMARY

Trypanosoma cruzi is the aetiological agent of Chagas disease. Our group has focused on the study of ribosomal RNA and
nucleolar structure in this organism. In this work, we address the cellular location of fibrillarin in epimastigotes. As a con-
served and unreported feature in trypanosomatids, fibrillarin in T. cruzi is encoded by two genes that differ by approxi-
mately 35% in their deduced amino acid sequences (TcFib 1 and TcFib 2). Chimaeric fluorescent versions of TcFib1 and
TcFib2 were individually expressed in T. cruzi cells. Both transfected cultures showed cells with a nucleolar fluorescent
signal. We have not found any evident distinction between the structure or expression of Tcfibrillarins to propose a func-
tional difference in cells. With the aid of an anti-TcFib 2 antibody, it was found that the endogenous protein relocates
outside of the nucleolus in stationary epimastigotes. This was also the case in metacyclic trypomastigotes observed
from aged cultures. The significance of this observation is not known, but a deficiency of fibrillarin nucleolar retention
correlates with the observed reduction in the abundance of the pre-ribosomal RNAs species at stationary phase, and sug-
gests that the nucleolar location of this protein depends on physiological processes.
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INTRODUCTION

Trypanosoma cruzi is a parasitic protozoan causative
of Chagas disease, a neglected condition that causes
an important health problem in Latin America.
Our research group has been interested in ribosomal
RNAs (rRNAs) and the biogenesis of ribosomes in
this organism (Nepomuceno-Mejía et al. 2010;
Hernández and Cevallos, 2014). Eukaryotic rRNA
is synthesized in the nucleolus by RNA polymerase
I as a precursor transcript that maturates by a
complex molecular pathway. Throughout this
process, the pre-rRNA is cut by internal cleavages
and modified at specific positions. The main modifi-
cations of this fundamental transcript are pseudour-
idylation and methylation of the 2′ carbon of the
ribose sugar ring (2′-O-methylation). Small nucle-
olar RNAs (snoRNAs) specifically interact (base-
pairs) with sequences on the pre-rRNA and guide
these modifications. Furthermore, some snoRNAs
are required for the cleavage events that release
transcribed rRNA spacers (Gerbi et al. 2001).
rRNA genes in trypanosomes are atypical in that
a complex processing pathway leads to a

discontinuous large subunit rRNA component com-
posed of two large and five small rRNAs (see
Hernández and Cevallos, 2014, for a recent
review). The African species of trypanosomes,
Trypanosoma brucei, is the best-studied species
among kinetoplastids. It has been reported that
some of their snoRNAs are conserved among eukar-
yotes, while some others are species-specific
(Michaeli, 2012), as expected for its atypical pre-
rRNA cleavage pathway. snoRNAs occur in eukary-
otic cells as molecular complexes with proteins
(snRNPs). In the case of snoRNAs from the C/D
family (i.e. RNAs that contain the conserved se-
quence motifs of Box C and Box D, Gerbi et al.
2001), four proteins have been identified:
Fibrillarin (yeast Nop1p), Nop56p, Nop58p and
Snu13p (Lafontaine and Tollervey, 2000). The
former contains a reported methyltransferase
catalytic domain (MeTase) involved in the 2′-O-
methylation modification of pre-rRNA referred to
above. Eukaryotic fibrillarins contain two distinct
domains, an N-terminal glycine- and arginine-rich
domain (GAR domain) (Amiri, 1994) and a larger
catalytic domain MeTase. The catalytic domain of
all fibrillarins is highly conserved, consisting of a
central seven-stranded β-sheet surrounded by three
α-helices on each side. This structure is similar to
that found in AdoMet-dependent MeTases (Amiri,
1994; Wang et al. 2000). Importantly, fibrillarin is
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essential for cell growth (Schimmang et al. 1989),
and its depletion in yeast cells affects all pre-rRNA
processing reactions and impairs pre-rRNA methy-
lation (Tollervey et al. 1991). Similarly, fibrillarin
from T. brucei is essential because silencing of the
homologue NOP1 by RNA interference produces
rRNA-processing and modification defects that
lead to cell death (Barth et al. 2008). It is to be
noted that fibrillarin gene annotation in this species
shows the occurrence of three genes, but this
situation has not been reported in the literature
(Barth et al. 2008). As mentioned above, we are
interested in T. cruzi ribosome biogenesis.
Consequently, construction and characterization of
nucleolar markers in this species represents a rational
approach to follow the process. Fibrillarin has been
reported as a nucleolar marker of the dense fibrillar
component (Olson and Dundr, 2005). In this
work, it is shown that plasmid-encoded fluorescent
fusions of two dissimilar fibrillarins in T. cruzi are
expressed as nucleolar proteins and, in at least one
case (here called TcFib2), the native endogenous
protein is relocated outside the nucleus in a popula-
tion of cultured epimastigotes at stationary phase.
So is the case of metacyclic trypomastigotes, which
are non-dividing forms devoid of nucleoli (Elias
et al. 2001).

MATERIALS AND METHODS

Parasites and culture conditions

Trypanosoma cruzi epimastigotes from the CL
Brener strain were grown at 28 °C in liver infusion
tryptone medium supplemented with 10% heat-
inactivated fetal bovine serum (Camargo, 1964).
For growth curves, cultures were seeded at a
density of 1 × 106 cells mL−1 and counted at 24–48
h intervals. Cells were harvested during exponential
growth (cells duplicating every 24 h; cellular density
of approximately 8–12 × 106 cells mL−1) or during
stationary phase [when parasites stopped their
growth for 72 h; cellular density of 90–100 × 106

cells mL−1; 12–14 days post inoculation (dpi)].

Plasmid construction

Trypanosoma cruzi genomic DNA was prepared
from exponentially growing epimastogtes by stand-
ard procedures. The experimentally determined
coding regions of TcFib1 and TcFib2 of the S allele
were amplified from genomic DNA and cloned into
theEcoRI site of the vector pGEX-3X tobe expressed
as GST-fusion proteins (GE Healthcare). These
coding regions were also amplified and cloned
without the stop codon between the EcoRI and Cla
I sites present in the pTEX vector (Kelly et al.
1992). Downstream of these genes and in frame
with them, the coding region of the EGFP from the

pRH006 vector (BCCM/LMBP, Technologiepark-
Zwijnaarde, Belgium) was subcloned into the Cla
I–Xho I sites of the pTEX vector. All plasmid
inserts were sequenced. When transfected into epi-
mastigotes, the plasmids pTEX-TcFib1-EGFP and
pTEX-TcFib2-EGFPwould express fusionproteins
with EGFP in the C-terminal region. Trypanosoma
cruzi epimastigotes were transfected with the indi-
cated plasmids as earlier described (Martínez-
Calvillo et al. 1997).

Northern blot analysis

For Northern blot analysis, total RNA was isolated
from epimastigotes using TRIZOL® reagent. RNA
was electrophoresed in 1% agarose gels with 2 M for-
maldehyde, 1 mM ethylenediaminetetraacetic acid
(EDTA) and 50 mM MOPS buffer, pH 7·0. Blot
transfers and hybridizations were performed under
standard conditions. The hybridization patterns of
three rRNA gene probes, which span most of the
rRNA cistron, were evaluated in both exponential
and stationary phases of growth (Hernández et al.
1988).

Expression and purification of recombinant GST–
fibrillarin fusion proteins

GST–TcFib1 and GST–TcFib2 were expressed in
Escherichia coli strain BL21 (DE3) and the recom-
binant proteins were affinity purified using a gluta-
thione Sepharose 4B column according to the
manufacturer’s instructions (Amersham Bios-
ciences, London, UK). To remove contaminants,
the proteins eluted from the column were separated
by 10% sodium dodecyl sulphate–polyacrylamide gel
electrophoresis (SDS–PAGE) and stained with
Coomassie Brilliant Blue, and the band correspond-
ing to the recombinant fusion protein was cut from
the gel and electroeluted. The electroeluted protein
was dialysed overnight at 4 °C in 10 mM Tris–HCl,
pH 8, 100 mM NaCl and 10% glycerol. The protein
was then concentrated by ultra filtration in
Centricon 30 filter units (Millipore Corporation,
Bedford, USA) and stored at −20 °C until use.

Production of mouse anti-T. cruzi fibrillarin polyclonal
antibodies

Ten micrograms of either GST–TcFib1 or GST–
TcFib2 were emulsified with Freund’s complete ad-
juvant and administered subcutaneously to BALB/c
mice (200 µL per mice). Two booster doses (10 µg of
protein emulsified in incomplete Freund’s adjuvant
per booster dose, subcutaneous) were administered
9 and 7 weeks after the previous immunization.
Pre-immune blood was collected. Fifteen days after
the last antigen boost, blood was collected by ter-
minal cardiac puncture. Serum was obtained from
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all samples, aliquoted and stored at −70 °C until use.
The immunization protocol and housing conditions
were approved by the local Bioethics Committee for
Animal Research.

Immunoblotting

Total parasite lysates were separated by 10% SDS–
PAGE and transferred to a 0·45 µM polyvinylidene
difluoride Immobilon-P Membrane (Merk Milli-
pore, Darmstadt, Germany) according to the stand-
ard protocols. Nitrocellulose membranes were
blocked with 0·05% Triton X-100 in phosphate
buffered saline (PBS-T) with 5% skim milk over-
night at 4 °C. The membrane was then incubated
for 1 h at room temperature (RT) with anti-TcFib
serum diluted in PBS-T with 2% skim milk. At the
end of the incubation period, the membrane was
washed three times with PBS-T (30 min per wash)
and then incubated for 1 h with horseradish peroxid-
ase-labelled goat anti-mouse IgG (ImmunoPure,
Pierce) diluted in PBS-T with 2% skim milk (1:30
000, v/v). The membrane was washed three times
with PBS-T (3 min per wash), incubated in
SuperSignal West Pico Chemiluminescent
Substrate (Pierce), and then exposed to film and
developed. Polyclonal sera were screened by im-
munoblotting of T. cruzi protein lysates. Three
anti-TcFib2 sera recognized a band of the expected
size (∼30 kDa), whereas none of the anti-TcFib1
sera recognized any T. cruzi antigen. One of the
anti-TcFib2 sera was used in this study at a dilution
of 1:6000 in immunoblots. In some studies, poly-
clonal antibodies against Tc actin were used at a di-
lution of 1:8000 (Cevallos et al. 2011).

Fluorescence microscopy

For immunofluorescence studies, epimastigotes
from both exponential and stationary phases of
growth were washed two times for 5 min each with
PBS, resuspended in 4% (w/v) paraformaldehyde
in PBS (20 × 106 cells mL−1), and allowed to
adhere to Saline-Prep Slides (Sigma-Aldrich, Saint
Louis, Missouri, USA) for 10 min at RT. Fixed
parasites were permeabilized with 0·5% (v/v)
Triton X-100 for 5 min, and then blocked with 5%
(w/v) bovine serum albumin in PBS for 2 h. The
blocked cells were first incubated with primary anti-
bodies (1:400 dilution in 1% BSA in PBS) for 1 h at
RT, and then labelled with donkey anti-mouse IgG
(H+L) tagged with Alexa Fluor 488 (1:400 dilu-
tion) for 1 h at RT in the dark. Negative control
samples were incubated with pre-immune mouse
serum. For the analysis of EGFP fluorescence in epi-
mastigotes, transfectant cells were washed, fixed and
allowed to bind to Saline-Prep Slides with the same
protocol described above. Then, the slides were
washed with PBS to remove non-adherent cells.

Both types of preparations were mounted for fluor-
escence in Vectashield medium containing diami-
dino-2-phenylindole (DAPI) to stain nucleic acids
(Vectashield with DAPI; Vector Laboratories,
Burlingame, California, USA). The samples were
observed with an epifluorescent Olympus BX51
microscope, and the images were obtained with an
Olympus camera and analysed using Image J
(Collins, 2007).

Sequence alignment analysis

Homologous deduced T. cruzi fibrillarin protein
sequences were obtained from the TriTrypDB
database (http://tritrypdb.org/tritryp/) and submit-
ted to the Clustal Omega web server (Sievers et al.
2011; http://www.ebi.ac.uk/Tools/msa/clustalo/).
The Jalview applet allowed us to view, edit, colour
and output the alignment for insights into amino
acid conservation using the Blossum62 matrix para-
meters (Waterhouse et al. 2009).

RESULTS

Two coding genes for fibrillarin in T. cruzi

The TriTrypDB genomic resource (version 8.0) was
searched for genes encoding fibrillarins in the
T. cruzi hybrid strain CL Brener (El-Sayed et al.
2005). Esmeraldo-like (S) and non-Esmeraldo like
(P) are the terms used to name both gene haplotypes.
Four putative fibrillarin alleles were identified in this
genome database at two loci (chromosome 4 and
chromosome 40). Both allelic variants in each locus
(S and P) are clearly annotated (Fig. 1A).
Herewith, the proteins encoded at chromosome 4
have been named fibrillarin 1 (TcFib1) and those
encoded at chromosome 40 as fibrillarin 2
(TcFib2). As originally annotated, the four fibril-
larin genes (two pairs of allelic genes) differ in size:
TcFib1-S (TcCLB.510105·50) is 915 bp long,
TcFib1-P (TcCLB.509715·40) is 951 bp, TcFib2-S
(TcCLB.506211·250) is 879 bp and TcFib2-P
(TcCLB.511287·150) is 876 bp. Moreover, analysis
of the aligned sequences showed a 5′-end terminal
extension on both haplotypes of TcFib1 (Fig. 1B).
To determine whether this extension is actually
present in the mature mRNAs, their trans-splicing
site was experimentally determined. For both haplo-
types, the TcFib1 mRNA trans-splicing site was
actually located downstream of the originally anno-
tated translation starting ATG (Fig. 1B).
Consequently, the gene length of both TcFib1 hap-
lotypes becomes the same as that of TcFib2-P. To
further corroborate the annotated genes as fibrillar-
ins, the deduced protein sequences were evaluated
by the Conserved Domain Database at NCBI
(Finn et al. 2014). In all cases, the pfam motif
01269 ‘fibrillarin’ was identified.
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Sequence alignment (Clustal Omega) and compari-
sons of the predicted proteins from the annotated
T. cruzi fibrillarin encoding genes indicate almost com-
plete identity between haplotypes of the same gene
(96–99% identical residues), and modest conservation

(65–66% identical residues) when the alignment com-
parison was carried out between the two deduced
fibrillarin-type sequences (i.e. TcFib1 vs TcFib2).
Analysis of the deduced amino acid sequences

of both T. cruzi fibrillarins allowed for the

Fig. 1. (A) Fibrillarin genes in the annotated T. cruzi genome, self-explained. (B) Alignment of the 5′ end of the putative
coding regions of fibrillarins encoded on chromosome 4 (TcFib1). Highlighted in yellow are the ATG codons annotated in
the genome database; in blue, a polypyrimidine-rich region potentially recognized in the trans-splicing process, and in
green the demonstrated ATG leading the fibrillarin open reading frame. The trans-splicing site is in red lettering.
(C) Localization of conserved motifs in deduced T. cruzi fibrillarins. Sequence alignment of fibrillarin paralogues from
T. cruzi was performed using Clustal Omega (Sievers et al. 2011; http://www.ebi.ac.uk/Tools/msa/clustalo/). Gaps and
mismatches are colourless. Conserved residues are highlighted with blue. Colour intensity shows the level of conservation
with respect to the Blosum62 matrix. Both GAR and MeTase domains are indicated. Graphic elements that mark
conserved functional motifs and residues are explained at the bottom of the figure.
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identification of relevant residues and motifs charac-
terized in other species. Figure 1C depicts both the
N-terminal GAR region and the MeTase domain.
The MeTase domain initiates at residue V61 in
TcFib1 and Q62 in TcFib2. A small collection of
conserved residues was identified within the
MeTase domain: Y142, G144, E168, F169, D193,
A194, V195 and Q197. It has been shown from the
archaebacterium species Aeropyrum pernix that
these residues are involved in stabilizing the cofactor
AdoMet (De Silva et al. 2012). In addition, the se-
quence data also permitted the identification of two
potential RNA-binding sites (K120- G161 and
V208- K264) and a conserved G M/V V Y A I/V
E F octamer that may promote the proper folding
of the central RNA-binding site (Fig. 1C). These
elements were previously characterized in a recom-
binant version of fibrillarin 2 from Arabidopsis thali-
ana (Rakitina et al. 2011). An absolutely conserved
aspartate (D214 in our coordinates) has been distin-
guished with a central role in the catalytic function of
eukaryotic and archaeal fibrillarins (Reichow et al.
2007). Finally, four functional motifs responsible
for AdoMet binding in Saccharomyces cerevisiae
can also be identified in the sequence here character-
ized: V140-G148; V164-E168; (M/L)207-F212;
F231-I240 (Niewmierzycka and Clarke, 1999).

Both recombinant fibrillarin genes are expressed and
localized in the nucleolus

Gene type specific fibrillarin DNA probes were
hybridized with total RNA in Northern blots. It
was found that both TcFib1 and TcFib2 genes are
transcribed, and in the two cases RNA species of ap-
proximately 1·3 kb were revealed (not shown). This
transcript size is more than sufficient to code for pro-
teins of 31 kDa. To explore whether both fibrillarin
encoding mRNAs produce nucleolar proteins, the
two types of chimaeric fibrillarin-EGFP fusions
were independently transfected into culture-
derived epimastigotes, and their cellular location
was analysed by fluorescence microscopy. The oc-
currence of a fluorescent signal in the nucleolus
was observed in cell lines transfected with the chi-
maeric gene of either type (i.e. TcFib1 or TcFib2).
Transfections with a non-chimaeric EGFP bearing
vector were analysed as a control, and its fluores-
cence was observed throughout the cell body
(Fig. 2).

Fibrillarin nucleolar relocation in stationary
epimastigotes

Growth-arrested epimastigotes at the stationary
phase provide an experimental model in T. cruzi
cells to address differences in nucleolar size and nu-
cleolar architecture (Nepomuceno-Mejía et al.
2010). To analyse potential differences in the

abundance of fibrillarin between growing epimasti-
gotes and stationary cells, anti-fibrillarin antibodies
were prepared. Two groups of mice were immunized
with either version of bacterial recombinant fibril-
larin (i.e. GST-TcFib1 or GST-TcFib2), but it is
to be noted that only the group of mice exposed to
TcFib2 made informative antibodies (i.e. signal pro-
ducers). Figure 3A shows the recognition of the en-
dogenous fibrillarin as well as of the fusion version of
the protein by the anti-TcFib2 antibody. This anti-
body was used to probe Western blots with cellular
extracts from exponential and stationary cells.
Figure 3C illustrates a similar abundance of fibril-
larin (at least TcFib2) in cells harvested at the re-
ferred different growing phases. Interestingly,
changes in fibrillarin location within aged cells
could be detected. A nucleolar concentration of the
fluorescent signal was observed in epimastigotes
from the exponential phase of growth, whereas in
stationary cells the fluorescence was located
throughout the cytoplasm, with a diffuse and granu-
lar pattern (Fig. 4). Conspicuously, the cytoplasmic
relocation of fibrillarin in stationary cells could not
be seen with the EGFP-tagged version of the
protein. A structural hindrance of the chimaeric
fibrillarin may be postulated to account for its
defect in the nucleolar-cytoplasmic relocation
event. Finally, in our culture conditions, approxi-
mately 10% of cells at the stationary phase transform
into metacyclic trypomastigotes. These forms
showed a granular cytoplasmic distribution of fibril-
larin (Fig. 5).
An early observation of a partial fibrillarin reloca-

tion from the nucleolus to the cytoplasm was pub-
lished for Xenopus kidney cells (Rivera-Léon and
Gerbi, 1997). The experimental stimulus in this
case was actinomycin D, which is known to impair

Fig. 2. Nucleolar expression of EGFP-tagged T. cruzi
fibrillarins. Both T. cruzi fibrillarin genes were ectopically
expressed as fusion proteins tagged with EGFP.
Transfection of the individual EGFP coding region is
presented in the first row as a control. Nucleus and
kinetoplastid organelles are indicated as N and K,
respectively.
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RNA polymerase I activity. In this cited report, it
was found that fibrillarin relocation correlated with
a diminished abundance of pre-RNAs, particularly
those comprising the 18S mature rRNA. With
such a reference, a potential difference in the
steady-state concentration of pre-rRNAs between
exponential and stationary T. cruzi epimastigotes
was investigated by probing Northern blots of total
RNA with genomic clones from the rDNA cistron.
As expected for a ribosome-demanding physiologic-
al condition such as cellular growth, rRNA precur-
sor molecules were more abundant in exponentially
growing cells (E) than in stationary phase cells (S)
(Fig. 3D).

DISCUSSION

To further study of nucleolar components in
T. cruzi, we present our findings on the general char-
acterization of fibrillarin expression and localization

in exponentially growing and stationary epimasti-
gotes in culture. Fibrillarin is annotated in the CL
Brener hybrid reference strain as two pairs of haplo-
type genes. Their deduced amino acid sequences
differ by approximately 35% (identity comparison).
In spite of these dissimilarities, potential functional
domains such as the GAR region and the MeTase
domain can be recognized in both of the T. cruzi
orthologues. Studies performed on A. pernix,
A. thaliana and S. cerevisiae provide valuable
descriptions of fibrillarin functional domains
(Niewmierzycka and Clarke, 1999; Reichow et al.
2007; Rakitina et al. 2011; De Silva et al. 2012).
Given that these features are observed in the
deduced proteins from both T. cruzi fibrillarin
genes, no obvious functional discrimination can be
predicted for either of them.
Arabidopsis thaliana is a species with two fibril-

larin genes that encode nearly identical proteins
(Barneche et al. 2000). Potential differences in their

Fig. 3. Top: Expression of fibrillarin and EGFP–fibrillarin fusion proteins in epimastigotes. Protein extracts from either
wild-type parasites or transfected epimastigoes (as indicated) were probed with either anti-TcFib2 antibodies (A) or anti-
EGFP antibodies (B). In addition, an anti-Tcactin polyclonal antibody was used as a protein loading reference in both
blots (Cevallos et al. 2011). Bottom: Steady-state concentration of fibrillarin and pre-rRNAs in exponential and stationary
epimastigotes. (C) Representative epimastigote growth curve, and comparative Western blot of total cellular proteins with
both anti-actin (loading control) and anti-Fib2 homologous polyclonal antiserums. The protein size markers are broad-
range SDS–PAGE standards from Bio Rad Laboratories (California). (D) Northern blots of total RNA probed with the
indicated genomic clones with different regions of the rRNA gene transcription unit. Size estimation of molecular species
was carried out using Gibco BRL RNA markers (0·2–9·5 kb). In both Western- and Northern blots, the same sample
amount from the exponential phase or stationary cultures was loaded in the gels for their comparison.
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function have not been addressed other than that
both proteins complement a NOP-1 null yeast
mutant. Accessed genomes from trypanosomatids

contain at least two annotated fibrillarin genes. The
only experimental description of one gene has been
done in T. brucei (Barth et al. 2008). In this study,
NOP1 (accession number TriTryp: Tb927.10.
7500) was silenced by RNA interference. The asso-
ciated phenotype was cellular lethality and rRNA
processing and modification defects.
Data on two dissimilar fibrillarin genes in T. cruzi

are presented here. Ectopic fibrillarin gene expres-
sion from plasmid vectors produced nucleolar loca-
tion of fluorescent EGFP fusions for both TcFib1
and TcFib2 chimaeric genes. An equivalent finding
was observed in T. brucei cells transfected with a
NOP1–GFP fusion (Marchetti et al. 2000). In the
present work, an antiserum could be raised against
TcFib2 recombinant protein. This antibody re-
cognized a nucleolar protein in exponentially
growing epimastigotes. Potential linkage of its ex-
pression regulation to non-dividing conditions was
addressed. It is to be noted that non-growing epi-
mastigotes from the stationary phase harbour a nu-
cleolus reduced in both size and granularity
(Nepomuceno-Mejía et al. 2010). This type of cell
expresses a similar amount of fibrillarin, at least
TcFib2, compared with exponentially growing epi-
mastigotes. Interestingly, most cells from aged cul-
tures presented a granular cytoplasmic fluorescent
signal, as did the metacyclic trypomastigotes that

Fig. 4. Fibrillarin expression in epimastigotes. Epifluorescence images of epimastigotes after staining with anti-TcFib2
antibodies (green) and DAPI (blue). A selected image of growing epimastigotes is shown in the top panel, a collection of
images of stationary cells is presented below. In some cases an amplified inset of the nuclear region (merged image) is
presented to better illustrate the relation between fluorescent signals.

Fig. 5. Fibrillarin expression inmetacyclic trypomastigotes.
Epifluorescence images of trypomastigotes from cultures at
the stationary phase after staining with anti-TcFib2
antibodies (green) and DAPI (blue).
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appear in these stressed cultures. Trypomastigotes
are nucleolar-less cells as reported by Elias et al.
2001. A partial relocation of nucleolar fibrillarin to
the cytoplasm after a low dose of actinomycin D ex-
posure has been described in Xenopus kidney cells.
This observation occurred in correlation with a re-
duction of pre-rRNA abundance, specifically those
molecular species that produce the mature small
subunit rRNA component (Rivera-Léon and
Gerbi, 1997). The finding presented here of
reduced rRNA precursor abundance in stationary
T. cruzi cells is consistent with this early observation
(Rivera-Léon and Gerbi, 1997). It can be then sug-
gested that the intracellular location of fibrillarin in
T. cruzi depends on physiological processes, yet to
be determined.
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