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SUMMARY
The signal recognition particle (SRP) is a cytoplasmic
RNA-protein complex that targets proteins to the rough
endoplasmic reticulum. Although SRP functions in the
cytoplasm, RNA microinjection and cDNA transfection
experiments in animal cells, as well as genetic analyses in
yeast, have indicated that SRP assembles in the nucleus.
Nonetheless, the mechanisms responsible for nuclearcytoplasmic transport of SRP RNA and SRP proteins are
largely unknown. Here we show that the 19 kDa protein
subunit of mammalian SRP, SRP19, was efficiently
imported into the nucleus in vitro by two members of the
importin β superfamily of transport receptors, importin 8
and transportin; SRP19 was also imported less efficiently

by several other members of the importin β family.
Although transportin is known to import a variety of
proteins, SRP19 import is the first function assigned to
importin 8. Furthermore, we show that a significant pool
of endogenous SRP19 is located in the nucleus, as well as
the nucleolus. Our results show that at least one
mammalian SRP protein is specifically imported into the
nucleus, by members of the importin β family of transport
receptors, and the findings add additional evidence for
nuclear assembly of SRP.

INTRODUCTION

the nucleolus; in situ hybridization revealed endogenous SRP
RNA in the nucleolus as well. Similarly, Ciufo and Brown
(Ciufo and Brown, 2000) and Grosshans et al. (Grosshans et
al., 2001) detected all but one of the yeast SRP proteins to some
extent in the nucleus and nucleolus; furthermore, analysis of
mutants lacking individual SRP proteins showed that most are
required for nuclear export of SRP RNA. Thus, it appears that
SRP assembles at least in part in the nucleus and/or nucleolus.
However, the mechanisms by which SRP proteins are imported
into the nucleus and SRP is exported from the nucleus largely
remain to be determined. Ciufo and Brown (Ciufo and Brown,
2000) and Grosshans et al. (Grosshans et al., 2001) found that
nuclear export of yeast SRP RNA requires Xpo1p (CRM1 in
animal cells), a transport receptor known to have numerous
substrates (Görlich and Kutay, 1999; Nakielny and Dreyfuss,
1999; Yoneda et al., 1999); still, neither group has identified
the yeast SRP component(s) that serves as the ligand for
Xpo1p. Lastly, the genetic analysis by Grosshans et al.
(Grosshans et al., 2001) has implicated the transport receptors
Pse1p and Kap123p/Yrb4p in nuclear import of yeast SRP
proteins.
Nuclear-cytoplasmic transport is largely mediated by the
importin β family of nuclear transport receptors (Görlich and
Kutay, 1999; Nakielny and Dreyfuss, 1999). These transport
receptors bind cargo molecules (proteins, RNAs and RNAprotein complexes) in either the nucleus or cytoplasm,
translocate with their cargo through nuclear pore complexes
(NPC), release their cargo in the opposite compartment and
finally return to the original compartment. All of the importin

The signal recognition particle (SRP) is a ubiquitous
ribonucleoprotein (RNP) complex that targets nascent
secretory polypeptides from the ribosome into the endoplasmic
reticulum in eukaryotic cells and from the ribosome to the
plasma membrane in prokaryotic cells (Luirink and
Dobberstein, 1994; Lütcke, 1995). Vertebrate SRP comprises
a ~300-nucleotide RNA molecule, SRP RNA and six
polypeptides designated SRP9, SRP14, SRP19, SRP54, SRP68
and SRP72. All of the components of SRP, including SRP
RNA, participate directly in the overall protein targeting
process (Batey et al., 2000; Peluso et al., 2000). Although a
considerable amount is known about the structure and function
of SRP, the questions of how and where SRP assembles in the
cell have attracted attention only recently. As the RNA
molecule is synthesized in the nucleus and the particle
functions in the cytoplasm, it is possible that SRP proteins
either assemble with the RNA in the cytosol or that they enter
the nucleus, bind to the RNA and exit from the nucleus
complexed with SRP RNA. An early suggestion concerning the
location of SRP assembly came from RNA nuclear injection
experiments; a mutant SRP RNA deficient in binding SRP9 and
SRP14 was also impaired in export, suggesting that at least
these two SRP proteins enter the nucleus to assemble with SRP
RNA as a prerequisite for SRP RNA export (He et al., 1994).
Politz et al. (Politz et al., 2000) reported that GFP-fusions of
SRP19, SRP68 and SRP72 expressed in transiently transfected
animal cells localized to some extent within the nucleus and
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β family members possess an N-terminal domain that binds
RanGTP (Görlich et al., 1997). It is the receptor’s interaction
with Ran, a Ras-related GTPase, that controls the binding and
release of cargo. Receptors that carry cargo into the nucleus
are termed importins. Importins bind their cargo in the absence
of RanGTP in the cytoplasm and dissociate from cargo in the
presence of RanGTP in the nucleus. Exportins such as
Xpo1p/CRM1 carry cargo out of the nucleus; they have weak
affinity for their cargo in the absence of RanGTP but
simultaneous binding of RanGTP in the nucleus dramatically
increases the affinity between exportins and their respective
cargoes. The different responses to RanGTP exhibited by
importins and exportins are controlled by a RanGTP gradient
established across the nuclear envelope (Görlich and Kutay,
1999).
In this report, we examined the question of how mammalian
SRP proteins enter the nucleus, using SRP19 as an example.
SRP19 directly bound and was efficiently imported into nuclei
in vitro by two members of the importin β family of transport
receptors, importin 8 and transportin. SRP19 also bound to
several other members of the importin β family of transport
receptors. However, compared to transportin and importin 8,
these other receptors were less efficient in promoting in vitro
nuclear import of SRP19. Transportin is a well-characterized
importin β-like transport factor whose cargoes include hnRNP
proteins (Pollard et al., 1996; Fridell et al., 1997; Siomi et al.,
1997) and ribosomal proteins (Jäkel and Görlich, 1998). Prior
to this study, no cargo had been identified for importin 8
(previously known as RanBP8) (Görlich et al., 1997).
Furthermore, we found that SRP19 localizes to the nucleoli
during in vitro import assays and an anti-SRP19 antibody
revealed a considerable amount of endogenous SRP19 in the
nucleus and the nucleolus in vivo. These findings show that for
at least one mammalian SRP protein, nuclear import is an
authentic process, mediated by members of the importin β
family of transport receptors. Our results add additional
evidence for nuclear assembly of SRP.
MATERIALS AND METHODS
Antibodies
The following antibodies have been described previously: antiimportin β (Görlich et al., 1995), anti-importin 5 (RanBP5) (Jäkel and
Görlich, 1998), anti-importin 7 (RanBP7) (Görlich et al., 1997) and
anti-TRAPα (translocon-associated protein) (Görlich et al., 1990).
Antibodies against peptides derived from the C-terminus of human
importin 8 (RanBP8) and human CRM1 were raised in rabbits. The
anti-SRP19 antibody was raised against the recombinant protein
described below. All polyclonal sera were used after affinity
purification. A monoclonal antibody against fibrillarin was a gift of
T. Pederson (University of Massachusetts, Worcester, MA).
Immunocytochemistry
Endogenous SRP19 in HeLa cells was detected by indirect
immunofluorescence followed by confocal microscopy. HeLa cells
grown on coverslips were washed briefly in phosphate-buffered saline
(PBS) and fixed with 100% acetone or 4% paraformaldehyde.
Paraformaldehyde-fixed cells were permeabilized with 0.2% Triton
X-100 in PBS. After a blocking step, primary antibodies were applied
and incubated with the fixed cells for 1 hour in a humid chamber.
Following extensive washing, primary antibodies were detected using
either donkey anti-rabbit (Amersham) or sheep anti-mouse (Sigma)

fluorescently labeled secondary antibodies. All incubations were at
room temperature.
Recombinant protein expression and purification
The following proteins were expressed in E. coli BLR/Rep4 and
purified as described previously: Xenopus importin α (Görlich et al.,
1994); human importin β (Görlich et al., 1996); Ran, NTF2, RanBP1
and Rna1p (Kutay et al., 1997); RanQ69L[GTP] (Görlich et al., 1997)
and transportin (Izaurralde et al., 1997); importin 5 (RanBP5) (Jäkel
and Görlich, 1998) and importin 7 (RanBP7) (Jäkel and Görlich,
1998). Importin 8 was expressed with an N-terminal 2z-tag (IgGbinding domain from Staphylococus aureas protein A) and a Cterminal his-tag (Görlich et al., 1997) and purified on nickel-NTA
agarose (Qiagen) followed by precipitation with ammonium sulfate
(33% saturation) and chromatography on Superdex 200 (Pharmacia).
Human ribosomal protein L23a was expressed as a fusion with Nterminal z tags as previously described (Jäkel and Görlich, 1998); 2zrpL23a was used in binding assays, whereas 4z-rpL23a was used as
a substrate in import assays. Human SRP19 was expressed in E. coli
BL21(DE3) with an N-terminal his-tag (Henry et al., 1997) or as an
N-terminal his-tagged fusion to gluathione S tranferase (GST);
expression vector was obtained from Young and Gautel (Young and
Gautel, 2000). Human SRP19 was also expressed in E. coli BLR/Rep4
with N-terminal 2z tags and a C-terminal his-tag. Disruption of cells
and purification of HIS6-SRP19, GST-SRP19, and 2z-SRP19 on
nickel agarose was in the presence of 1 M lithium chloride.
Binding assays
HeLa cell extract: 2z-rpL23a and 2z-SRP19 were immobilized on
IgG-sepharose 4B (Pharmacia) at approximately 2 mg/ml in 50 mM
Tris-HCl, pH 7.5, 200 mM NaCl and 5 mM MgCl2. For each binding
reaction, 20 µl of the affinity matrix with either pre-bound rpL23 or
SRP19 was rotated for 4 hours at 4°C with 500 µl of HeLa cell extract.
The beads were recovered by gentle centrifugation and washed
extensively with binding buffer. Bound proteins were eluted with
1.5 M MgCl2, 50 mM Tris-HCl, pH 7.5, precipitated with 90%
isopropanol (final concentration), resuspended in SDS sample buffer
and analyzed by SDS PAGE.
Recombinant transport receptors: a GST-SRP19 fusion protein was
bound to glutathione-sepharose (Pharmacia) for 1 hour at 4°C in
binding buffer (50 mM Tris-HCl, pH 7.5, 0.1 M NaCl, 5 mM MgCl2),
washed twice in the same buffer containing 1.0 M NaCl, and then
equilibrated with binding buffer. Transport receptors at 1.5 µM
concentration were preincubated for 30 minutes at 4°C in binding
buffer containing 0.5 mM GTP, 0.5 mM ATP, 10 mM creatine
phosphate and 50 µg/ml creatine kinase, with or without 10 µM
RanQ69L. Transport receptor samples were then added to 20 µl of
GST-SRP19 matrix and incubated for 4 hours at 4°C in binding buffer.
The final concentration of GST-SRP19 per binding reaction was
approximately 3 µM. The resin was washed four times with binding
buffer and bound material eluted with SDS sample buffer and
analyzed by SDS-PAGE.
Preparation of labeled recombinant import substrates
The preparation of fluorescent 4z-rpL23a has been described (Jäkel
and Görlich, 1998). Fluorescent labeling of HIS6-SRP19 was with
Alexa 594 C5 malemide (Molecular Probes) in 50 mM potassium
phosphate, pH 7.2, 250 mM NaCl. Protein was separated from free
label on a Sephadex G25 column (Pharmacia) equilibrated in 50 mM
potassium phosphate, pH 7.2, 250 mM NaCl.
Nuclear import assays
Permeabilized HeLa cells, prepared essentially as described by Adam
et al. (Adam et al., 1990), were used for in vitro nuclear import assays
according to Jäkel and Görlich (Jäkel and Görlich, 1998). Import
mixtures contained an energy-regenerating system consisting of the
following components: 0.5 mM ATP, 0.5 mM GTP, 10 mM creatine

SRP19 nuclear import

3481

Fig. 1. Endogenous SRP19 is localized to the nucleus and the nucleolus. (A,B) SRP19 in HeLa cells was detected using indirect
immunofluorescence followed by confocal microscopy (see Materials and Methods). Antibodies against fibrillarin and TRAPα (Görlich et al.,
1990) were used as controls for nucleolar and rough endoplasmic reticulum subcellular staining. SRP19 was found to be prominent in the
nucleoli and in the nucleoplasm, noticeable especially in the paraformaldehyde-fixed cells. Images were collected using the 63× oil objective of
a Leica DM IRB/E microscope and analyzed with Leica TCS NT software. Bar, 10 µm. (C) A western blot showing that the anti-SRP19
antibody at 1:2000 dilution detected only SRP19 (*) in a total HeLa cell lysate.
phosphate and 50 µg/ml creatine kinase. The Ran mix constituents
were 3 µM RanGDP, 0.3 µM RanBP1, 0.2 µM Schizosaccharomyces
pombe Rna1p (Ran GTPase-activating protein) and 0.4 µM NTF2
(each final concentrations). Import buffers for HIS6-SRP19 and 4zrpL23a contained 20 mM potassium phosphate, pH 7.2, 5 mM
magnesium acetate, 0.5 mM EGTA and 250 mM sucrose with 140
mM potassium acetate for HIS6-SRP19 or 200 mM potassium acetate
for 4z-rpL23a. Import assays were performed without addition of a
cytosol extract, so that import was dependent on addition of specific
transport factors and Ran.

and staining within the nucleoplasm. In particular, the antibody
gave intense staining of nuclear patches, suggesting that SRP19
accumulates in nucleoli. As a control for nucleolar staining, we
used a monoclonal antibody against fibrillarin, an abundant
nucleolar protein associated with small nucleolar RNAs
(Maxwell and Fournier, 1995). Merging of the fibrillarin and
SRP19 images produced an exact overlap between the two
antibody stains, indicating that endogenous SRP19 is indeed
located in the nucleoli. Thus, we conclude that SRP19 is
located within the nucleoplasm and nucleolus, consistent with
nuclear assembly of SRP.

RESULTS
Subcellular localization of endogenous SRP19
Signal recognition particle protein 19 is the only SRP protein
that binds in vitro to SRP RNA independently of other SRP
proteins (Lingelbach et al., 1988; Lütcke, 1995); thus, it is
possible that SRP19 initiates assembly of the particle in vivo.
As indicated above, SRP appears to assemble in the nucleus,
making SRP19 a good candidate for examining the mechanism
of nuclear import of SRP proteins. Indeed, an SRP19-GFP
fusion localized to the nucleus in transiently transfected animal
cells (Politz et al., 2000) and Sec65p, the yeast SRP19
homologue, was also found in the nucleus (Ciufo and Brown,
2000; Grosshans et al., 2001). Therefore, we raised an antibody
against recombinant human SRP19 protein and examined the
steady-state distribution of endogenous SRP19 in HeLa cells.
Immunoblotting showed that the SRP19 antibody detected
only a single protein in a HeLa cell extract (Fig. 1C). Fig. 1A,B
shows the results for immunostaining of HeLa cells. In cells
fixed either with acetone or paraformaldehyde and stained with
the SRP19 antibody, we observed a diffuse cytoplasmic signal,
which probably represents SRP19 assembled into mature SRP,

Interactions between SRP19 and nuclear transport
receptors
Having established that endogenous SRP19 is present in the
nucleus, we next wanted to elucidate the mechanism of SRP19
nuclear import. Initial experiments (not shown) revealed that
SRP19 import into nuclei of permeabilized cells occurred in
the presence of cytosolic extracts and that this import required
RanGTP (necessary for recycling of transport receptors). This
was the expected result if SRP19 import is mediated by one or
more members of the importin β superfamily of transport
receptors. To identify candidate import receptors for SRP19,
we incubated immobilized SRP19 with a HeLa cell extract in
the presence and absence of RanQ69L[GTP]. (RanQ69L is a
Ran mutant that remains GTP-bound in the presence of the Ran
GTPase-activating protein RanGAP1 (Bischoff et al., 1994)).
As a positive control, we immobilized human ribosomal
protein L23a, whose interaction with a number of import
receptors has been described (Jäkel and Görlich, 1998).
Proteins in the extract that bound SRP19 and rpL23a were then
identified by immunoblotting. As shown in Fig. 2, SRP19
recovered importin β, transportin, importin 5, importin 7 and
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Characterization of SRP19 in vitro nuclear import
Having identified importin β, transportin and importins 5, 7
and 8 as candidate receptors, we next tested whether any of
these receptors could mediate nuclear import of SRP19. To
characterize functionally the import receptors identified
in binding assays, we carried out in vitro nuclear import
assays using digitonin-permeabilized HeLa cells (Adam et al.,
1990). The substrates for import were fluorescent-labeled
recombinant human his-tagged SRP19 and, as a control, 4ztagged human ribosomal protein L23a (the z-tag is the IgGbinding domain of protein A). When permeabilized cells were
incubated with either SRP19 or rpL23a in buffer alone, neither
protein showed any significant nuclear localization (Fig. 4A).
However, in the presence of either transportin or purified
importin 8 (Fig. 4D,G), considerable nuclear accumulation of
SRP19 occurred. The imported SRP19 was observed in both
the nucleoplasm and nucleolus; nucleolar accumulation of
SRP19 in import assays was confirmed with the anti-fibrillarin
antibody referred to above (data not shown). In the presence of
the other import factors that bound SRP19 in a HeLa cell
extract (importin β, transportin, importin 5 and importin 7),
some import also occurred. However, in these cases, import
appeared to be less efficient compared to transportin and
importin 8, as essentially all of the SRP19 that was imported
by the other factors was confined to the nucleoli and nucleolar
staining was less intense overall. Similarly, importin β,
transportin, importin 5 and importin 7 efficiently imported
rpL23a as expected from a previous study (Jäkel and Görlich,
1998), whereas importin 8 was relatively inefficient in bringing
about nuclear import of rpL23a.
DISCUSSION

Fig. 2. Interaction of SRP19 with nuclear transport receptors.
Recombinant SRP19 and rpL23a, fused to two tandem z-tags (IgGbinding domain of protein A), were immobilized on IgG-sepharose
and tested for binding of transport receptors from a HeLa cell extract.
Where indicated, 10 µM RanQ69L[GTP] was added. RanQ69L is a
GTPase-deficient Ran mutant that remains GTP-bound in the
presence of cytoplasmic Ran GTPase-activating protein (RanGAP1)
(Bischoff et al., 1994). After extensive washing, bound proteins were
eluted, precipitated, and analyzed by SDS-PAGE, followed by
immunoblotting with specific antibodies (top) or by Coomassie blue
staining (bottom). Load in the bound fractions corresponds to 15×
the starting material.

importin 8 present in the HeLa extract. Binding of SRP19 to
these transport receptors appeared to be specific, as the
interactions were abolished by the addition of RanQ69L[GTP].
Similarly, rpL23a bound importin β, transportin, importin 5
and importin 7, as demonstrated previously (Jäkel and Görlich,
1998). Additionally, rpL23a recovered importin 8 from the
extract. By contrast, in this assay neither SRP19 nor rpL23a
bound the exportin CRM1. Also, interactions between SRP19
and the candidate receptors (importin β, transportin, importin
5, importin 7 and importin 8) could be reproduced using
recombinant transport receptors (Fig. 3), suggesting that the
binding observed in HeLa extracts was direct and not mediated
by one or more additional factors present in the extracts.

In this report we have demonstrated that the 16.5 kDa protein
subunit of the mammalian signal recognition particle SRP19 is
efficiently imported into the nucleus in vitro by at least two
members of the importin β family of nuclear transport
receptors, importin 8 and transportin. Both receptors produced
both nucleoplasmic and nucleolar accumulation of SRP19. In
addition to importing SRP19 into the nucleus, importin 8 and
transportin were recovered by SRP19 from a total cell lysate;
typical of all importins, recovery was abolished by RanGTP,
confirming that binding was specific. Importin 8 (RanBP8) was
identified previously as a RanGTP-binding protein that also
bound the NPC (Görlich et al., 1997). However, although it
displayed properties of a nuclear transport receptor, no cargo
had been associated previously with importin 8. Our results
establish importin 8 as a nuclear transport receptor and identify
SRP19 as one of its substrates. In addition, SRP19 expands the
inventory of RNA-binding proteins imported by transportin,
first identified as the import receptor for the hnRNP A1 protein
and since found to import other hnRNP proteins and some
ribosomal proteins (Pollard et al., 1996; Fridell et al., 1997;
Siomi et al., 1997; Jäkel and Görlich, 1998). Also, like
ribosomal proteins and histones, SRP19 expands the list of
proteins small enough to diffuse freely through the NPC but
which nevertheless engages one or more transport receptors to
enter the nucleus.
Signal recognition particle protein 19 also bound, in a
RanGTP-sensitive manner, to importin β, 5 and 7 present in a
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Fig. 3. Transport receptors bind directly to SRP19 in a
RanGTP-regulated manner. A GST-SRP19 fusion
protein was immobilized on glutathione-sepharose and
incubated with purified nuclear transport receptors, with
and without RanQ69L[GTP] as described in Materials
and Methods. After washing, bound proteins were
eluted with SDS sample buffer and analyzed by SDSPAGE. (A) Proteins that bound to GST-SRP19 in the
presence (+) and absence (−) of RanQ69L[GTP]. Note
that binding of all receptors to SRP19 was greatly
reduced in the presence of RanQ69L[GTP]. (B) Purified
receptors, in the same order as in A, loaded as reference
samples. The asterisk indicates GST-SRP19.

HeLa cell lysate and as purified recombinant proteins;
however, these other receptors appeared to promote less
nuclear import of SRP19 compared with importin 8 and
transportin, as only weak nucleolar fluorescence was observed
in the presence of these other receptors. Similarly, ribosomal

Fig. 4. SRP19 is imported into the
nucleus by importin 8 and
transportin. Recombinant human
rpL23a or human SRP19 were
purified, labeled with fluorophores
and used as substrates (2 µM final
concentration) for import into the
nuclei of permeabilized HeLa
cells. Import receptors were also
used at 2 µM, except importin α
(impα) and importin 8 (imp 8),
which were both at 4 µM.
Reactions were stopped by fixation
after 10 minutes for SRP19 and 25
minutes for rpL23a and analyzed
by confocal microscopy. As
previously reported, rpL23a could
be imported by any of four
transport receptors: importin β
(impβ; C), transportin (trn; D),
importin 5 (imp5; E), and importin
7 (imp7; F) (Jäkel and Görlich,
1998). SRP19 import was most
efficient with importin 8 (imp8;
G); however, transportin also
mediated nuclear import of SRP19
(D). All images were collected and
analyzed as described in Fig. 1.
Bar, 10 µm.

protein L23a recovered importin 8 from the cell lysate, in a
RanGTP-sensitive manner, yet importin 8 was considerably
less efficient in importing rpL23a compared with other
transport receptors. In yeast some ribosomal proteins are
preferentially transported by one receptor but will associate
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with a second receptor of lower affinity when the primary
receptor is absent (Rout et al., 1997). Clearly our results do not
establish which transport receptor or receptors represent the
principal import pathway of SRP19 in vivo. Although importin
8 and/or transportin would appear to be the most likely
candidates based on efficiency, by analogy to yeast ribosomal
proteins, importin β, 5 and/or 7 may constitute backup
pathways for SRP19 import. Grosshans et al. (Grosshans et al.,
2001) reported that nuclear localization of Sec65p, the yeast
homolog of SRP19, was greatly reduced in a mutant defective
in importin α, an adapter that bridges importin β and cargo
having so-called classical nuclear localization sequences.
However, inclusion of importin α with importin β in our in
vitro import assays did not produce any increased nuclear
import of SRP19 beyond the minimal import seen with
importin β alone. Grosshans et al. (Grosshans et al., 2001) also
reported that nuclear localization of Sec65p was affected to
some degree in mutants defective in several other import
receptors, including Pse1p and Kap123p/Yrb4p, which are
related to mammalian importin 5.
Signal recognition particle protein 19 is one of many
proteins imported into the nucleus by more than one member
of the importin receptor family. Most yeast SRP proteins, as
well as ribosomal protein L25, are imported by Pse1p and
Kap123p/Yrb4p (Grosshans et al., 2001; Rout et al., 1997;
Schlenstedt et al., 1997). Kap114p, Kap121p and Kap123p are
involved in import of the yeast TATA-binding protein
(Pemberton et al., 1999) and these same three importins, along
with Kap95p (yeast importin β), are involved in histone H2A
and H2B nuclear import (Mosammaparast et al., 2001;
Mühlhäusser et al., 2001). Similarly, human rpL23a, the
homologue of yeast L25, as well as human rpS7, can be
imported by importin β, transportin, importin 7 and importin
5; human rpL5 is also imported by several receptors (Jäkel and
Görlich, 1998). Having multiple receptors, it will be interesting
to determine which portion of SRP19 interacts with importin
8 and transportin. Although importin 8 and transportin do not
share any significant similarity other than their N-terminal
RanGTP-binding domains, this lack of homology does not
necessarily mean that the two receptors bind different regions
of SRP19. The four receptors that bind rpL23a share <15%
sequence identity yet all four interact with the same segment
of rpL23a, the BIB domain (residues 32-74) (Jäkel and
Görlich, 1998). Also, transportin has at least two distinct,
nonoverlapping cargo binding sites, one for M9-containing
substrates and another for those that contain the BIB domain
(Pollard et al., 1996; Jäkel and Görlich, 1998). Sequence
comparisons have not revealed any significant similarity
between SRP19 and either M9 or BIB although, given that
SRP19 and BIB are highly basic, it seems more likely that
SRP19 interacts with the BIB-binding site of transportin.
Finally, immunostaining of fixed HeLa cells revealed
endogenous SRP19 not only in the cytoplasm, where mature
SRP resides, but also in the nucleoplasm and the nucleolus. A
previous study using another polyclonal SRP19 antibody
detected SRP19 only in the cytoplasm (Bovia et al., 1995). The
basis for this difference is not known, although a different
fixative was used in the previous study. Our results clearly
demonstrate that SRP19 is a nuclear protein in animal cells and
support a model in which mammalian SRP assembles in the
nucleus, as is the case for yeast (Ciufo and Brown, 2000;

Grosshans et al., 2001). Politz et al. (Politz et al., 2000) also
provided evidence for nuclear assembly of SRP, as they
observed both nucleoplasmic and nucleolar localization of
GFP fusions of SRP19, SRP68 and SRP72 in transiently
transfected cells. Importantly, our immunolocalization results
confirm the observations of Politz et al. in a way that is
not subject to potential mislocalization arising from
overexpression of proteins with high affinities for RNA. The
nucleolar localization of SRP proteins is especially interesting.
Using in situ hybridization, Politz et al. have reported that SRP
RNA is found in the nucleolus. This observation, coupled with
the nucleolar localization of SRP proteins, suggests that at least
one stage in SRP assembly occurs in the nucleolus, a structure
previously assumed to be host to only ribosome assembly.
Precursor tRNAs, the RNA and protein subunits of RNase P,
and tRNA base modification enzymes have also been recently
localized in the nucleolus (Carmo-Fonseca et al., 2000;
Pederson and Politz, 2000). This, in combination with our
results, suggests that the nucleolus is not only the assembly site
for ribosomes but is involved in assembly and processing of
other RNAs and ribonucleoproteins.
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