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Abstract The arsenite-stimulated human ATPase (hASNA-I) protein is a distinct human ATPase whose cDNA was
cloned by sequence homology to the Escherichia coli ATPase arsA. Its subcellular localization in human malignant
melanoma T289 cells was examined to gain insight into the role of hASNA-I in the physiology of human cells.
Immunocytochemical staining using the specific anti-hASNA-I monoclonal antibody 5G8 showed a cytoplasmic,
perinuclear, and nucleolar distribution. Subcellular fractionation indicated that the cytoplasmic hASNA-I was soluble
and that the perinuclear distribution was due to association with the nuclear membrane rather than with the
endoplasmic reticulum. Its presence in the nucleolus was confirmed by showing colocalization with an antibody of
known nucleolar specificity. Further immunocytochemical analysis showed that the hASNA-I at the nuclear membrane
was associated with invaginations into the nucleus in interphase cells. These results indicate that hASNA-I is a paralogue
of the bacterial ArsA protein and suggest that it plays a role in the nucleocytoplasmic transport of a nucleolar component.
J. Cell. Biochem. 71:1–10, 1998. r 1998 Wiley-Liss, Inc.
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Resistance to metal salts in bacteria is medi-
ated by specific plasmid-borne multicomponent
ATP-dependent efflux systems [Kaur and Rosen,
1992b; Silver and Ji, 1994]. In Escherichia coli,
resistance to arsenite, arsenate, and antimo-
nite is mediated by the well-characterized ars
operon [Rosen et al., 1990] that contains two
regulatory (arsR and arsD) and three struc-
tural (arsA, B, and C) genes [Broer et al., 1993;
Kauer and Rosen, 1992a]. The arsA gene codes
for an oxyanion-dependent ATPase that associ-
ates with the product of the arsB gene, which is
a putative channel-forming transmembrane
protein. The ATP-binding cassette of arsA iden-
tifies it as belonging to a superfamily of genes
with a modified nucleotide binding motif that is

distinct from that present in other ATPases
including the cation-translocating transporters
[Koonin, 1883; Silver et al., 1993]. The arsA
gene codes for a 583-amino-acid catalytic sub-
unit with two ATP-binding domains, whereas
the arsB gene codes for a 429-amino-acid inner
membrane protein with 12 transmembrane
spanning domains that is postulated to serve as
the anion channel and as an anchor for the arsA
protein [Rosen et al., 1993]. Together these two
proteins transport arsenite and antimonite out
of the cell.

We previously reported the cloning of the
arsenite-stimulated human ATPase (hASNA-I)
cDNA on the basis of its DNA sequence homol-
ogy to the arsA gene of E. coli [Kurdi-Haidar et
al., 1996]. We documented that, like the bacte-
rial ArsA, the human hASNA-I protein also has
ATPase activity, although its biochemical char-
acteristics point to it being functionally differ-
ent from that of the arsA protein [Kurdi-Haidar
et al., 1996; unpublished results]. By analogy to
the role of ArsA in bacteria, we have hypoth-
esized that hASNA-I may be part of a trans-
porter. Owing to the vast evolutionary distance,
we examined the role this distinct arsenite-
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stimulated ATPase plays in the physiology of
human cells by analyzing the hASNA-I subcel-
lular location, its tissue-specific distribution,
and correlation of its expression with a disease
state. In the present study, we describe the
generation of a specific anti-hASNA-I mouse
monoclonal antibody and the hASNA-I subcel-
lular localization by using immnocytochemical
staining and Western blot analysis of subcellu-
lar fractions.

MATERIALS AND METHODS
Cell Line

The human malignant melanoma T-289 cell
line [Taetle et al., 1987] was chosen for this
study based on the fact that its drug-selected
derivative subline [McClay et al., 1993] showed
resistance to arsenite. In addition, when ana-
lyzed by Western blotting using a rabbit anti-
hASNA-I polyclonal antibody, it was found to
overproduce hASNA-I (Kurdi-Haidar and How-
ell, unpublished results). T289 cells were main-
tained in RPMI 1640 (Irvine Scientific, Santa
Ana, CA) supplemented with 10% fetal bovine
serum, 2 mM L-glutamine, 10 nM hydrocorti-
sone, 5 µg/ml insulin, 5 µg/ml human transfer-
rin, 10 nM estradiol, and 5 ng/ml selenium
(Sigma Chemical Co., St. Louis, MO).

Recombinant hASNA-I-Containing Proteins

Two recombinant hASNA-I-containing pro-
teins were used in the course of this study: a
previously described glutathione-S-transferase
(GST)-hASNA-I fusion protein [Kurdi-Haidar
et al., 1996] and a new 6xHis-tagged hASNA-I
(6xHis-hASNA-I) protein. The latter was gener-
ated by using the pPRO EX HT prokaryotic
expression system (Life Technologies, Bethesda,
MD). The fragment B26/B8a, generated by poly-
merase chain reaction, that includes the coding
region of the full-length cDNA of hASNA-I
[Kurdi-Haidar et al., 1996] was amplified by
using primers B26 and B8a synthesized by us-
ing the published sequence of hASNA-I [Kurdi-
Haidar et al., 1996]. B26 (58-TTACAGAATCA-
GAGCGAAGATGTTGTTGGATGT-38) extends
from position 29 to 114, spanning the initiation
codon, and is preceded by an EcoRI recognition
site. B8a (58-GCATCTCGAGTGGAGGGTGAG-
TGTGAAATG-38) extends from position 11044
to 11024, lies downstream of the stop codon,
and is preceded by an XhoI recognition site.
Fragment B26/B8a was digested with EcoRI

and XhoI and subcloned in frame into EcoRI/
XhoI-digested pPRO EX HTa plasmid. The cod-
ing frame in the resulting plasmid HT-hASNA-I
was verified by sequencing with primer B6, a
previously described antisense hASNA-I-spe-
cific primer [Kurdi-Haidar et al., 1996]. Plas-
mid HT-hASNA-I was electroporated into DH5a
cells, and the 6xHis-tagged hASNA-I was in-
duced and purified by using the nickel-nitrilo-
tri-acetic acid (Ni-NTA) affinity resin, as recom-
mended by the manufacturer (QIAGEN,
Chatsworth, CA).

Generation of Anti-hASNA-I Monoclonal
Antibody

Five female Balb/c mice were immunized with
GST-hASNA-I protein emulsified in Freund’s
adjuvant. Sera from immunized mice were
screened by enzyme-linked immunosorbent as-
say (ELISA) by using the GST-hASNA-I pro-
tein. Two mice with high serum titers were
selected and splenectomized. Lymphocytes were
isolated and fused with Balb/s-derived
P3X63AgA.53 myeloma cells by using polyeth-
ylene glycol. Hybridomas were selected in HAT
medium, and individual colonies were isolated.
Because the GST-hASNA-I used for the immu-
nization and serum screening steps contains a
GST portion, hybridomas producing specific
anti-hASNA-I antibodies were identified by in-
direct ELISA in plates coated with the 6xHis-
hASNA-I protein. Positive hybridoma clones
were subcloned by using two series of limited
dilution, and individual clones were obtained.
Mouse immunizations, serum screening, fu-
sions with myeloma cells, screening of hybrido-
mas, and subcloning of anti-hASNA-I-produc-
ing hybridomas were carried out by using the
customized monoclonal services of Berkeley An-
tibody Company (Richmond, CA).

Antibodies

Anti-glutathione-S-transferase rabbit IgG
was purchased form Molecular Probes (Eugene,
OR). Anti-His-tag mouse monoclonal IgG was
purchased from Oncogene Research Products/
Calbiochem (Cambridge, MA). Calnexin-N rab-
bit polyclonal antibody, purchased from Stress-
Gen Biotechnologies Corp. (Victoria, BC,
Canada), was raised against a synthetic pep-
tide from the amino terminus of canine caln-
exin. The cross reactivity of the rabbit serum to
human calnexin had been documented [Wada
et al., 1991; Le et al., 1994]. Mouse monoclonal
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1277 antibody against human nucleoli was pur-
chased from Chemicon International (Tem-
ecula, CA). Texas Red-conjugated sheep anti-
mouse Ig, whole antibody, and fluorescein
isothiocyanate (FITC)-conjugated donkey anti-
rabbit Ig, whole antibody, were obtained from
Amersham (Arlington Heights, IL). FITC-conju-
gated donkey anti-mouse IgM, µ-chain specific,
and Texas Red-conjugated goat anti-mouse IgG,
Fcg fragment specific, were purchased from
Jackson ImmunoResearch Laboratories (West
Grove, PA).

Western Blot Analysis of Bacterial and Human
Cellular Lysates

Analysis of cellular lysates and recombinant
proteins were performed as previously de-
scribed [Kurdi-Haidar et al., 1996] by using
anti-His-tag mouse monoclonal and anti-gluta-
thione-S-transferase rabbit antibody in addi-
tion to the anti-hASNA-I mouse monoclonal
5G8 produced in the course of this study. Peroxi-
dase-linked sheep anti-mouse Ig and peroxi-
dase-linked donkey anti-rabbit Ig (Amersham)
were used as appropriate, and Western blots
were developed by using the enhanced Chemilu-
minescence signal detection system (Amer-
sham).

Indirect Antibody and Lectin Labeling of Cells

Cells on coverslips were washed with Ca21-
and Mg21-free phosphate buffered saline (PBS)
at room temperature and then fixed in cold
methanol at 220°C for 5 min. Coverslips were
briefly washed and stored in PHEM buffer (60
mM Pipes, 25 mM Hepes, 10 mM EGTA, 2 mM
MgCl2, pH 6.9) [Sobue et al., 1988]. All immuno-
cytochemical manipulations were performed at
room temperature. Blocking was carried out for
1.5 h in 2.5% normal sheep, donkey, or goat
serum in PHEM buffer before the primary anti-
body was added for 1 h, followed by three 15-
min washes in PHEM buffer. Incubation in the
appropriate secondary antibody was carried out
for 45 min, followed by three 30-min washes
with PHEM buffer. Coverslips were mounted in
90% glycerol in PBS containing 1 mg/ml
p-phenylenediamine (Sigma). For lectin label-
ing, cell-coated coverslips were incubated for 30
min at room temperature in PHEM buffer con-
taining FITC-conjugated concanavalinA(FITC-
Con A) purchased from Vector Laboratories
(Burlingame, CA) at a concentration of 5 µg/ml
[Fricker et al., 1997]. Coverslips were washed

three times with PHEM and mounted for visu-
alization, as described above.

Confocal Microscopy

A Bio-Rad MRC 1000 confocal microscope
equipped with a krypton-argon laser and
coupled to a ZeissAxiovert 135 M microscope
was used to examine fluorochrome-labeled cells.
Images were collected by using BioRad 1024
and Comos software. Composites were as-
sembled by using Adobe Photoshop 4.0 and
printed on a Tektronix Phaser IISDX.

Preparation of Subcellular Fractions Enriched for
Smooth and Rough Microsomes

Enrichment for smooth and rough micro-
somal fractions was carried out by using the
subcellular fractionation scheme previously de-
scribed [Graham, 1984]. Cells were disrupted
by using a Dounce homogenizer, and the homog-
enate was centrifuged at 10,000g to obtain the
postmitochondrial P10. The rough microsomal
fraction (rough endoplasmic reticulum; RER)
was separated from the smooth microsomal frac-
tion (smooth endoplasmic reticulum; SER) by
using a discontinuous sucrose-Tris-CsCl gradi-
ent.

Preparation and Analysis of Membrane Fractions

T289 cells were harvested by scraping into
ice-cold PBS containing protease inhibitors (10
µg/ml aprotinin, 10 µg/ml pepstatin, 20 µg/ml
leupeptin, and 5 mM EDTA). Cells were lysed
and processed essentially as described else-
where [De Vries et al., 1996]. Lysis was carried
out by 10 passages through a 30-gauge needle,
and the postnuclear supernatant (PN) was re-
covered after centrifugation at 600g for 3 min
at 4°C in a microcentrifuge. The soluble cyto-
solic fraction (S) was separated from the crude
membrane fraction (P) by centrifugation of the
postnuclear supernatant at 100,000g for 25 min
in a Beckman TL100 rotor. The crude mem-
brane fraction was resuspended in a volume of
protease inhibitor-containing ice-cold PBS
matching that of the soluble fraction (S). Equal
volumes of the PN, P, and S fractions were
analyzed by Western blotting by using the anti-
hASNA-I mouse monoclonal antibody 5G8.

RESULTS
Antibody Specificity

The IgM monoclonal antibody 5G8 was raised
against the GST-hASNA-I fusion protein and
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identified by ELISA screening by using purified
6xHis-hASNA-I protein. The specificity of hA-
SNA-I was established by Western blot analy-
sis by using two purified recombinant hASNA-I
proteins produced in prokaryotic cells, the GST-
hASNA-I fusion protein and the 6xHis-tagged
hASNA-I. Figure 1A shows that the GST-
hASNA-I was detected by using both an anti-
GST-antibody (lane 1) and the 5G8 antibody
(lane 3). Similarly, the 6xHis-hASNA-I protein
was detected by using both an anti-His-tag
(Ab-1) antibody (lane 2) and 5G8 (lane 4). Cellu-
lar lysates from T289 cells were analyzed by
the same technique. The 5G8 antibody detected
a single 37-kDa protein, consistent with the
estimated size of the protein encoded for by the
hASNA-I cDNA (Fig. 1B). These results estab-
lished that the 5G8 was a hASNA-I-specific
antibody that detected a single protein in cellu-
lar lysates.

Immunocytochemical Distribution of hASNA-I

The subcellular location of hASNA-I in hu-
man T289 cells was visualized by indirect immu-
nofluorescence by using the 5G8 monoclonal
antibody and a Texas Red-linked sheep anti-
mouse Ig. Figure 2A shows that staining was
observed in three subcellular locations: the cy-
toplasm, the perinuclear region, and the nucleo-
lus. The same pattern of staining was also

obtained for two breast cell lines, MCF7 [Zugma-
ier et al., 1991] and MCF10A (data not shown)
[Soule et al., 1990]. No staining was obtained
when 5G8 was omitted (data not shown). With
the exception of the condensed subnuclear stain-
ing, the dual cytoplasmic and perinuclear stain-
ing was reminiscent of proteins localized to the
ER. The subcellular location of ER proteins in
these cells was determined by using lectin stain-
ing with FITC-Con A. Figure 2B shows that the
FITC-Con A produced distinct perinuclear and
a diffuse cytoplasmic staining with no intra-
nuclear fluorescence. Concanavalin A binds to
mannose-terminated oligosaccharides and has
been shown to label the endoplasmic reticulum
and the nuclear envelope [Fricker et al., 1997].
Thus, outside the nucleus, hASNA-I was distrib-
uted in a pattern similar to that of ER proteins.
However, this double immunocytochemical
staining did not clearly distinguish whether the
hASNA-I was associated with the perinuclear
ER versus the nuclear membrane, or whether
the cytoplasmic hASNA-I was actually bound
to the ER.

Lack of Association With the Endoplasmic
Reticulum

The amino acid sequence of the hASNA-I
protein [Kurdi-Haidar et al., 1996] does not

Fig. 1. Western blot analysis of purified recombinant hASNA-I
and total cellular lysates from T289 cells. A: Purified GST-
hASNA-I (lanes 1 and 3) and 6xHis-hASNA-I (lanes 2 and 4)
proteins were analyzed by using the primary antibody depicted
above the lanes. B: Cellular lysates from T289 cells were

analyzed by using anti-hASNA-I mouse monoclonal 5G8 anti-
body. The numbers on the side indicate the size (in kilodaltons)
of the molecular weight markers (prestained sodium dodecylsul-
fate–polyacrylamide gel electrophoresis standard; Bio-Rad, Rich-
mond, CA).
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possess the carboxy-terminal motif (KDEL) or
the double-lysine peptide (KKXX or KXKX)
characteristic of proteins retained in the lumen
of the ER [Jackson et al., 1990; Pelham, 1990].
This suggested that hASNA-I was not a resi-
dent ER protein but did not exclude the possibil-
ity that it could be bound to the ER membrane.
This issue was addressed by fractionating the
human T289 cells to remove the nuclei and
examining the distribution of hASNA-I by West-
ern blot analysis of the crude membrane and
the soluble fractions (100,000g pellet and super-
natant, respectively). The results presented in
Figure 3A show that hASNA-I was present in
the soluble fraction (lane S) but not in the
membrane fraction (lane P). As a control, the
fractions were examined for the distribution of
calnexin, known to be an integral ER mem-

brane protein [Wada et al., 1991]. Calnexin was
found in the membrane (lane P) but not in the
soluble fraction (lane S). To further establish
that hASNA-I is not bound to the ER mem-
branes, ER microsomal fractions enriched for
smooth (SER) and rough (RER) microsomes
were analyzed for enrichment of hASNA-I and
calnexin by Western blotting. Figure 3B shows
that no enrichment of hASNA-I was obtained in
either fraction when compared with the total
cellular lysate (lanes 1, 2, and 3, respectively).
However, the RER was clearly enriched for
calnexin (lane 3). These results support the
conclusion that hASNA-I does not associate
selectively with either the SER or the RER.
Therefore, the observed cytoplasmic staining
seen in Figure 2A represents a soluble pool of
hASNA-I, and the perinuclear staining results

Fig. 2. Immunolocalization of hASNA-I. Human T289 cells
were doubly stained with anti-hASNA-I monoclonal antibody
5G8 and FITC-Con A to visualize the ER. Coverslips were
incubated with mouse monoclonal antibody 5G8 (1/100), fol-
lowed by Texas Red-linked sheep anti-mouse (1/200) antibody
and FITC-Con A (5 µg/ml) conjugate. A: Texas Red visualization

of hASNA-I in the cytoplasm, at the perinucleus, and within the
nucleolus. B: FITC visualization of ER staining that is limited to
the cytoplasm and the perinucleus. Both A and B were visual-
ized at the same confocal optical plane close to the nuclear
equator. Scale Bar 5 10 µm.
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from association with the nuclear membrane
rather than the ER.

Nucleolar Localization

Immunocytochemical staining of T289 cells
showed that in the nucleus hASNA-I localized
primarily within multiple subnuclear struc-
tures. Although the size of the subnuclear struc-
tures suggested that it was the nucleolus, other
subnuclear structures known as speckles that
represent spliceosomes have been described
[Spector et al., 1991; Bregman et al., 1994;
Fabrizio et al., 1997]. Therefore, double immu-
nofluorescent staining was carried out by using
both the 5G8 monoclonal anti-hASNA-I anti-
body and the 1277 monoclonal antibody specific
for human nucleoli. Although both are mouse
antibodies, we were able to detect 5G8 and
1277 independently during colocalization stud-
ies by making use of the fact that the two
monoclonal antibodies belong to different classes

of immunoglobulins. The 5G8 is an IgM and the
1277 is an IgG1. An FITC-conjugated donkey
anti-mouse IgM, µ-chain specific, was used to
detect 5G8, and a Texas Red-conjugated goat
anti-mouse IgG, Fcg fragment specific, was used
to detect 1277. Figure 4 shows that 1277 stained
only the nucleolus and that the signal from 5G8
colocalized with that of 1277 in the nucleolus.
Thus, hASNA-I is clearly present in the nucleo-
lus and apparently is bound in such a way that
it is unable to diffuse freely throughout the
nucleoplasm.

Association of hASNA-I With Invaginations of the
Nuclear Envelope

It has been demonstrated that interphase
nuclei contain dynamic nuclear envelope invagi-
nations into the nucleoplasm presumed to play
a role in the nucleocytoplasmic transport [Bour-
geois et al., 1979; Fricker et al., 1997]. Some of
these have been identified as ‘‘nucleolar canals’’
because they connect the nuclear envelope di-
rectly to the nucleolus in different cell types
[Bourgeois et al., 1979]. In addition, a second
type of dynamic cell type-specific nuclear chan-
nel has been described, only a subset of which
connect to the nucleolus [Fricker et al., 1997].
The latter channels have been shown to be
derived from the ER and to include both mem-
branes of the nuclear envelope. As shown in
Figure 5, confocal examination of T289 cells
doubly immunolabeled with 5G8 and the anti-
calnexin antibody demonstrated an irregular
pattern of nuclear staining at the level coincid-
ing with the top of the nucleus. Furrows extend-
ing the length of the nucleus were observed,
whose sides stained with both antibodies. The
fact that the central portion of these furrows
was devoid of calnexin staining was consistent
with the interpretation that these furrows are
invaginations that involve the two components
of the nuclear envelope, the ER and the under-
lying nuclear membranes and the ER mem-
branes. Thus, hASNA-I is found in nuclear in-
vaginations in T289 cells that may be related to
channels of either the type that connects di-
rectly to the nucleolus [Bourgeois et al., 1979]
or other intranuclear structures [Fricker et al.,
1997].

DISCUSSION

We previously cloned the cDNA of the hA-
SNA-I and determined that the hASNA-I pro-
tein is a distinct arsenite-stimulated ATPase

Fig. 3. Immunoblot analysis of subcellular fractions. A: A
postnuclear supernatant (PN; lane 1) from T289 cells was
centrifuged at 100,00g to seperate the crude membrane fraction
(P; lane 2) from the soluble fraction (S; lane 3). B: Immunoblot-
ting of subcellular fractions from T289 cells enriched for smooth
(SER) and rough (RER) microsomes. Whole cell lysate (CL; lane
1), SER (lane 2), and RER (lane 3). Fractions were analyzed by
immunoblotting using 5G8 and anti-calnexin rabbit polyclonal
antibody detected by enhanced chemiluminesence. The num-
bers on the sides indicate the molecular weight markers.
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[Kurdi-Haidar et al., 1996; unpublished re-
sults]. Because cloning of hASNA-I was based
on DNA sequence homology between distantly
related species, the human protein could repre-
sent either an orthologue of the bacterial ArsA
that carries out a similar plasma membrane
transport function or a paralogue with an inde-
pendent cellular function. As a first step toward
elucidating the physiologic role of hASNA-I in
human cells, we raised an anti-hASNA-I-spe-
cific monoclonal antibody and used it to deter-
mine the subcellular localization of hASNA-I.

Immunocytochemical analysis of indepen-
dent cell lines showed hASNA-I to be localized
to two subcellular compartments: the cyto-
plasm and the nucleus. Subfractionation of the
cytoplasm into the soluble and membrane-
bound fractions established that hASNA-I is a
soluble cytosolic protein. In the nucleus, how-

ever, both the nuclear membrane and the
nucleolus were clearly enriched for hASNA-I,
with no detectable protein in the nucleoplasm.
Such a distribution suggested that the nuclear
hASNA-I is bound and does not diffuse freely.
Therefore, we deduced that human cells con-
tained two pools of hASNA-I, one soluble in the
cytoplasm and another bound at the nuclear
membrane and within the nucleolus.

Analysis of the amino acid sequence of hA-
SNA-I indicated that it does not have a se-
quence that matches any of the known nuclear
localization signal motifs [reviewed in Gorlich
and Mattaj, 1996] or sequences extremely rich
in basic amino acids such as those that have
been identified as nucleolar localization signals
for some viral proteins [Siomi et al., 1988; Dang
and Lee, 1989; Cochrane et al., 1990]. As such,
we concluded that the distinct perinuclear and

Fig. 4. Immunolocalization of hASNA-I within the nucleus to
the nucleolus. Human T289 cells were doubly stained with
anti-hASNA-I 5G8 and 1277 antibodies. Coverslips were incu-
bated with anti-hASNA-I IgM mouse monoclonal 5G8 antibody
(1/100) and the anti-human nucleolus IgG mouse monoclonal
1277 antibody (1/50), followed by FITC-linked donkey anti-
mouse IgM, µ-chain specific (1/200), and Texas Red-linked goat

anti-mouse IgG, Fcg fragment specific (1/200), secondary anti-
bodies. A: The hASNA-I staining with 5G8 is the same as that
described in Figure 2. B: Staining with 1277 is limited to the
nucleolar condensations. Both A and B were visualized at the
same confocal optical plane close to the nuclear equator.
Bar 5 10 µm.
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nucleolar localization of hASNA-I is not signal
dependent and most likely results from stable
binding to constituents of the nuclear mem-
brane and nucleolus, as has been suggested for
other proteins [Maeda et al., 1992; Schmidt-
Zachmann and Nigg, 1993; Yan and Melese,
1993]. The steady-state distribution between
the two subcellular compartments is probably
governed by the rate of nuclear export, import
of hASNA-I, and its relative affinities for cyto-
plasmic and nuclear binding partners [Kam-
bach and Mattaj, 1992; Schmidt-Zachmann et
al., 1993]. Some caution about the conclusion
that hASNA-I localization is not signal depen-
dent is appropriate because three yeast ribo-
somal proteins have been reported to have non-
classical nuclear localization signal motifs
composed of clusters of basic amino acids includ-
ing Pro, Arg, and Lys [Moreland et al., 1985;
Underwwod and Fried, 1990; Schaap et al.,

1991], and although hASNA-I does not contain
such clusters, we cannot exclude the possibility
that it may contain an undefined signal se-
quence that awaits future elucidation.

The distinctive localization of hASNA-I to the
nucleolus strongly suggested its association with
a constituent of this subnuclear compartment.
In addition, its presence at the nuclear mem-
brane and in the cytoplasm suggests that it
shuttles between the nucleus and the cyto-
plasm. Several such shuttle proteins have been
reported, including three other nucleolar pro-
teins, nucleolin, NO38 [Borer et al., 1989], and
Nopp140 [Meier and Blobel, 1992], members of
the 70-kDa heat shock proteins [Mandell and
Feldherr, 1990], the heterogeneous nuclear
RNA-packaging protein A1 [Pinol-Roma and
Dreyfuss, 1992], the U1 snRNP-specific protein
U1A [Kambach and Mattaj, 1992], and the pro-
gesterone receptor [Guiochon-Mantel et al.,

Fig. 5. Immunocytochemical localization of hASNA-I to
nuclear invaginations in interphase cells. Human T289 cells
were doubly stained with mouse anti-hASNA-I 5G8 (1/100; A)
and rabbit anti-calnexin (1/200; B) antibodies, followed by

Texas Red-linked sheep anti-mouse (1/200) and FITC-linked
donkey anti-rabbit (1/200) secondary antibodies. Both A and B
were visualized at the same confocal optical plane close to the
top of the nucleus. Scale Bar 5 10 µm.
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1991]. The movement of these proteins between
the nucleus and the cytoplasm is believed to be
part of the bidirectional energy-requiring pro-
cess of nucleocytoplasmic transport [Laskey and
Dingwall, 1993; Schmidt-Zachmann et al.,
1993], which in turn affects the regulation of
cytoplasmic and nuclear activities [Schmidt-
Zachmann et al., 1993]. The presence of
hASNA-I in a soluble-free form in the cyto-
plasm, at the nuclear membrane, and in the
nucleolus is consistent with the interpretation
that it plays a role in a transport process such
as the nucleocytoplasmic movement of a nucleo-
lar or ribosomal constituent, as is the fact that
it is an ATPase [Kurdi-Haidar et al., 1996;
unpublished results]. This notion is fortified by
the presence of hASNA-I at invaginations of the
nuclear envelope, which are also believed to
function in nucleocytoplasmic transport.

Recent immunohistochemical analysis of a
variety of human tissues has shown detectable
expression of hASNA-I in select cells within
certain tissues excluding breast epithelium
[Kurdi-Haidar et al., 1998]. In addition, unlike
normal breast epithelium, elevated levels of
hASNA-I expression were found in a number of
tested breast adenomas and carcinomas, point-
ing to its potential role in breast cancer [Kurdi-
Haidar et al., 1998]. Taken together, our results
indicate that hASNA-I is a paralogue rather
than an orthologue of the bacterial ArsA that in
human cells may play a role in nucleocytoplas-
mic transport rather than in the transport of
oxyanions across the plasma cell membrane.
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