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Abstract The subcellular plurilocalization of some lectins (galectin-1, galectin-3, galectin-10, calreticulin, etc.)
is an intriguing problem, implying different partners according to their localization, and involvement in a variety of
cellular activities. For example, the well-known lectin, galectin-3, a lactose-binding protein, can act inside the nucleus
in splicing events, and at the plasma membrane in adhesion, and it was demonstrated that galectin-3 interacts in the
cytoplasm with Bcl-2, an antiapoptotic protein. Some years ago, our group isolated a nuclear lectin CBP70, capable of
recognizing N-acetylglucosamine residues. This lectin, first isolated from the nucleus of HL60 cells, was also localized
in the cytoplasm. It has been demonstrated that CBP70 is a glycosylated lectin, with different types of glycosylation,
comparing cytoplasmic and nuclear forms. In this article, we have studied the localization of CBP70 in undifferentiated
HL60 cells by electron microscopy, immunofluorescence analysis, and subcellular fractionation. The results obtained
clearly demonstrated that CBP70 is a plurilocalized lectin that is found in the nucleus, at the endoplasmic reticulum,
the Golgi apparatus, and mitochondria, but not at the plasma membrane. Because CBP70, a nuclear glycoprotein, was
found to be associated also with the endoplasmic reticulum and the Golgi apparatus where the glycosylation take
place, it raised the question: where does the glycosylation of nuclear proteins occur? J. Cell. Biochem. 78:638–649,
2000. © 2000 Wiley-Liss, Inc.
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Lectins are ubiquitous proteins that are bona
fide elements of mammalian, reptilian, sponge,

and protozoan cells [Drickamer and Taylor,
1993]. There is great interest in these proteins
because of their ability to recognize sugars
linked to glycoproteins. The glycoprotein–
lectin interactions are labile. Lectins can also
interact with proteins via protein–protein in-
teractions. Data strongly suggest that these
protein–protein interactions can be modulated,
when the lectin interacts with glycosidic moi-
eties of a glycoconjugate [Hinek et al., 1988,
Sève et al., 1993, 1994, Yang et al., 1996]. This
phenomenon opens a new field of investigation
for exploring the mechanisms involved in the
cascade of formation and disruption of protein
complexes that constitute essential steps in
many biological processes.

In animals cells, lectins were first described
at the plasma membrane level [Ashwell and
Harford, 1982]. Since this discovery, the pres-
ence of lectins has been reported in many sub-
cellular compartments of animals cells, such
as: the ER, the Golgi apparatus, the cytosol,
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and the nucleus [Roche and Monsigny, 1996].
Among all the animal lectins characterized to
date, some are especially interesting, because
they: 1) are plurilocalized, and 2) have differ-
ent partners, according to their localization.
Consequently, such lectins are also plurifunc-
tional. An increasing number of plurilocalized
lectins have been described so far: galectin-1
[Perillo et al., 1995; Cooper, 1997; Lutomski et
al., 1997; Vyakarnam et al., 1997]; galectin-3
[Liu et al., 1995; Ochieng and Warfield, 1995;
Van den Brûle et al., 1995; Wang et al., 1995;
Akahani et al., 1997; Cooper, 1997; Huflejt et
al., 1997]; galectin-10 [Dvorak et al., 1996];
calreticulin [Krause and Michalak, 1997]; and
CBP70 [Hadj-Sahraoui et al., 1996; Felin et al.,
1997]. Galectin-3, the most well-known pluri-
localized lectin, has been described 1) in the
nucleus, where it plays a role in the splicing of
RNA [Dagher et al., 1995, Vyakarnam et al.,
1997]; 2) in the cytosol, where it inhibits apo-
ptosis by interacting with Bcl-2 [Yang et al.,
1996; Akahani et al., 1997]; and 3) at the
plasma membrane level, where it plays a role
in cell–cell [Inohara and Raz, 1994, 1995; Bre-
salier et al., 1996; Inohara et al., 1996] or ex-
tracellular matrix–cell interactions [Hughes,
1994; Van den Brûle et al., 1995].

CBP70 was first isolated from HL60 cell nu-
clei [Sève et al., 1993]. In this cellular compart-
ment, CBP70 interacts with galectin-3 via a
protein–protein interaction, mediated by the
addition of lactose, probably resulting in mod-
ification of the galectin-3 conformational struc-
ture [Sève et al., 1993]. This result was also
corroborated by in vitro experiments [Sève et
al., 1994]. In keeping with these findings, we
proposed a possible involvement of such inter-
actions in nuclear physiology [Hubert et al.,
1989]. The presence of CBP70 in the cytoplasm
has also been described [Hadj-Sahraoui et al.,
1996; Felin et al., 1997]. Recent data strongly
suggest that there is a correlation between the
presence of CBP70 at the membrane and the
capacity of the differentiated cells to adhere.

Another interesting point is the capacity of
these isoforms of CBP70 lectins to recognize
N-acetyl-glucosamine (GlcNAc) [Felin et al.,
1994]. Because most of the nuclear and many
of the cytosolic glycoproteins are modified with
O-GlcNAc residues [Hart et al., 1996; Halti-
wanger et al., 1997], these glycoproteins are
good candidates for interacting with CBP70. In
this context, it is noteworthy that an 82-kDa
nuclear ligand for CBP70, containing GlcNAc

residues has been characterized [Felin et al.,
1997].

In addition, it has been demonstrated that
CBP70 is a glycosylated lectin [Rousseau et al.,
1997], with different types of glycosylation,
comparing cytoplasmic and nuclear forms.
Both nuclear and cytoplasmic forms of CBP70
are N- and O-glycosylated. However, only the
nuclear CBP70 contains terminal N- or
O-linked GlcNAc, as well as a-L-fucose [Rous-
seau et al., 1997]. Although numerous nuclear
glycoproteins have been described [Stein et al.,
1975, 1981; Hubert et al., 1985; Ferraro et al.,
1991; Codogno et al., 1992], the cellular loca-
tion of their glycosylation remains an intrigu-
ing issue.

This study focuses interest on the localiza-
tion of CBP70 at the ultrastructural level to
determine precisely its nuclear and cytoplas-
mic localization, and to determine whether
CBP70 could be observed in the ER and/or in
the Golgi where classic glycosylation takes
place. Using a combination of immunoelectron
microscopy, immunofluorescence localization,
and subcellular fractionation of HL60 cells, it
was concluded that CBP70 is present in both
the nucleus and the cytoplasm, but not at the
plasma membrane. Within the cytoplasm,
CBP70 was observed associated with the mito-
chondria, and the ER, and the Golgi apparatus,
where the glycosylation takes place.

MATERIALS AND METHODS

Cell Culture

HL60 cells were grown in suspension in
RPMI 1640 medium supplemented with 10%
heat-inactivated fetal calf serum (Gibco, Cergy-
Pontoise, France), 2 mmol/l L-glutamine, 50
IU/ml of penicillin, and 50 mg/ml of streptomy-
cin. Cells were incubated at 37°C in a humidi-
fied 5% CO2 atmosphere and maintained at a
density of 2 3 105 to 1 3 106 cells/ml, by resus-
pending the cells in fresh culture medium ev-
ery 3 days.

Antibodies

Anti-CBP70 polyclonal antibody were ob-
tained as previously reported [Sève et al.,
1993]. Swine anti-rabbit Ig conjugated to FITC
were purchased from Dako A/S (Glostrup, Den-
mark). Monoclonal mouse anti-human mito-
chondria antibody was from Calbiochem-
Novabiochem Corporation (La Jolla, CA,
U.S.A.). Cy5-conjugated goat anti-mouse Ig

639CBP70, Endoplasmic Reticulum, Golgi Apparatus



and peroxidase-conjugated goat anti-mouse
polyclonal antibody were furnished by Jackson
ImmunoResearch Laboratories (West Grove,
PA). Monoclonal mouse anti-Golgi-b Cop anti-
body (clone M3A5), monoclonal mouse anti-
Golgi 58K protein antibody (clone 58K-9),
polyclonal rabbit anti-glucose-6-phosphate de-
hydrogenase antibody, peroxidase-conjugated
goat anti-rabbit polyclonal antibody, and
mouse anti-splicing factor SC-35 antibody
(clone SC-35) were purchased from Sigma (St.
Louis, MO). Monoclonal mouse anti-PDI anti-
body was from StressGen Biotechnologies (Vic-
toria, B.C., Canada). Gold-conjugated goat
anti-rabbit Ig (15-nm-diameter gold particles)
was from Bio Cell (Cardiff, U.K.).

Fixation and Embedding Procedures

HL60 cells were pelleted at low-speed cen-
trifugation and fixed in 2.5% glutaraldehyde in
0.1 mol/l cacodylate buffer (pH 7.4) for 21⁄2 h at
room temperature, postfixed with 1% osmium
tetroxide in the same buffer, dehydrated in
ethanol, and embedded in Epon 812. In a sec-
ond approach, pelleted cells were fixed in 4%
paraformaldehyde in 0.1 mol/l cacodylate
buffer (pH 7.4) for 2 1⁄2 h at room temperature.
After fixation, cells were quickly rinsed with
cacodylate buffer containing 0.1 mol/l of su-
crose, washed 30 min in cacodylate buffer con-
taining 0.1 mol/l of sucrose and 0.1 mol/l of
glycine and finally, rinsed with cacodylate
buffer containing 0.1 mol/l of sucrose. To elim-
inate free aldehyde groups, the specimens were
treated with 0.5 mol/l NH4Cl in the buffer for
20 min and washed again. Specimens were
then partially dehydrated in ethanol series up
to 95% ethanol, infiltrated with a London Resin
(LR) White-ethanol mixture (1/2, 1/1, 2/1) 10
min for every change, followed by two changes
of undiluted LR White for 15 min. After an
additional change of undiluted resin, cells were
embedded in gelatin capsules, sealed, and po-
lymerized at 4°C for 24 h.

Immunoelectron Microscopy

Ultrathin sections were either 1) contrasted
with uranyl acetate and lead citrate, or 2) col-
lected on gold grids, floated for 10 min on Tris-
buffered saline (TBS: 20 mmol/l Tris-HCl, 0.15
mol/l NaCl pH 7.5) containing 0.5% BSA and 3%
of heat-inactivated normal goat serum (TBS1).

The gold grids were transferred onto 25 ml of
a 1:25 dilution of antiserum against CBP70 in

TBS1. Incubation was allowed to proceed for
24 h at 4°C. Grids were successively washed on
five 25-ml droplets of TBS1 (5 min on each), and
a final jet of TBS1, before incubation for 1 h
with gold-conjugated goat anti-rabbit Ig di-
luted 1:10 in TBS1, containing 0.2% of fish gel-
atin from cold-water fish skin. Sections were
then washed on three 50-ml droplets (5 min on
each), followed by staining with aqueous ura-
nyl acetate for 15 min. All steps were carried
out at room temperature.

Two controls were performed: 1) replacing
the primary antibody with preimmune serum,
at the same dilution as the rabbit anti-CBP70
serum; and 2) omitting the primary antibody.

Immunohistochemical Labeling and
Confocal Analyses

Cells were pelleted onto glass slides in a
cytocentrifuge at 400 rpm for 5 min, fixed and
permeabilized in acetone at 4°C for 10 min, and
then air dried. Slides were incubated with anti-
CBP70 Ab (1:200, [Sève et al., 1993]), monoclo-
nal mouse anti-human mitochondria Ab (1/
100), monoclonal mouse anti-Golgi-b Cop Ab
(clone M3A5, 1/20), monoclonal mouse anti-
splicing factor SC-35 Ab (clone SC-35, 1/1,000),
or monoclonal mouse anti-protein disulfide
isomerase Ab (1/20) for 1 h at room tempera-
ture. After five washes in Ca21- and Mg21-
containing PBS1 supplemented with 1% BSA,
the cells were incubated for 30 min at room
temperature with FITC-conjugated swine anti-
rabbit Ig (1:20) and Cy5-conjugated goat anti-
mouse Ig (1:100). Finally, slides were washed
five times in PBS1 supplemented with 1%
BSA, followed by two washes in PBS1. All in-
cubations were performed in a humidified
chamber at room temperature.

Samples were examined by confocal laser
scanning microscopy using a Bio-Rad MRC-
1024 confocal imaging system (Bio-Rad Micro-
science Ltd., Hertfordshire, U.K.) and an in-
verted Diaphot 300 Nikon microscope. Images
were collected using an oil immersion lens
(603, NA I.4 plan Apochromat). For FITC and
Cy5 excitation, a krypton/argon ion laser (Ion
Laser Technology Inc., Salt Lake City, UT,
U.S.A.) operating with the 488 nm line was
used. For DAPI excitation, an enterprise ion
laser (Coherent Laser Group, Santa Clara, CA,
U.S.A.) operating with a 353-nm nonline was
used. FITC, Cy5, and DAPI images were digi-
talized to obtain pseudocolored green for FITC,
red for Cy5, and blue for DAPI; yellow colora-
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tion results from the overlapping of green and
red. Each image represents a single section for
which the confocal system was adjusted to al-
low a field depth of ;0.8 mm.

Subcellular Fractionation

Subcellular fractionation of HL60 cells was
performed with modifications from a previ-
ously described method [Tang et al., 1998].
Briefly, HL60 cells were harvested by centrif-
ugation at 800g for 10 min at 4°C. The cell
pellets were washed twice with ice-cold
10 mmol/l Tris-HCl pH 7.4, 20 mmol/l KCl,
2 mmol/l CaCl2, 2 mmol/l MgCl2, 1 mmol/l
EDTA, 1 mmol/l EGTA, 0.25 mol/l sucrose, 10
mg/ml leupeptin, 10 mg/ml aprotinin, and 1
mmol/l phenylmethylsulfonyl fluoride. The cell
suspension was homogenized in the same
buffer with a glass Pyrex homogenizer using a
type B pestle, and the resultant crude homog-
enate was subjected to sequential centrifuga-
tions. Each successive supernatant was used
for the next centrifugation. The first centrifu-
gation was at 200g for 5 min at 4°C to remove
unbroken cells as a pellet. Nuclei pellet was
obtained by centrifugation at 1,000g for 10
min. The mitochondrial pellet was obtained af-
ter centrifugation at 10,000g for 15 min at 4°C.
The resulting supernatant was then centri-
fuged at 100,000g for 1 h at 4°C. The pellet
obtained was considered as the microsomal
fraction and the resulting supernatant was
considered as the cytosolic fraction. The pro-
tein concentration of all the fractions obtained
was determined using the Micro BCA protein
Assay Reagent Kit (Pierce Chemical Co., Rock-
ford, IL, U.S.A.).

Electrophoresis and Immunoblotting Analysis

Subcellular fractions (10 mg of each) were
resolved by sodium dodecyl sulfate–poly-
acrylamide gel electrophoresis (gel 12%), ac-
cording to Laemmli’s procedure [Laemmli,
1970]. The resolved polypeptides were electro-
transferred onto Immobilon-P (60 V at 4°C for
1 h) in 10 mmol/l (cyclohexylamino)-1-propane
sulfonic acid, pH 10.7 (Caps buffer). The blots
were incubated overnight in saturating TBS
buffer (20 mmol/l Tris-HCl [pH 7.4], 0.5 mol/l
NaCl) containing 5% BSA, and then were
washed three times in TBS containing 0.5%
Tween 20 (TBS-Tween) and incubated for 2 h
with one of the following Ab: anti-CBP70 Ab
(1:300 in TBS-Tween), monoclonal mouse anti-

splicing factor SC-35 Ab (1:500), monoclonal
mouse anti-human mitochondria Ab (1:100),
monoclonal mouse anti-Golgi 58K protein Ab
(1:500), monoclonal mouse anti-protein disul-
fide isomerase Ab (1:250), or polyclonal rabbit
anti-glucose-6-phosphate dehydrogenase Ab (1:
2,000). After incubation, the immunoblots were
washed three times in TBS-Tween, incubated
for 1 h at room temperature with the appropri-
ate second Ab: peroxidase-conjugated poly-
clonal goat anti-mouse Ig or peroxidase-
conjugated polyclonal goat anti-rabbit Ig, each
diluted 1:10,000 in TBS-Tween, then washed
three times in TBS-Tween, and finally devel-
oped using the Enhance Chemiluminescence
(ECL) reagents (Amersham, Les Ulis, France).

RESULTS AND DISCUSSION

As previously described by affinity chroma-
tography and immunofluorescence analysis,
CBP70 is a plurilocalized lectin [Hadj-
Sahraoui et al., 1996; Felin et al., 1997]. To
achieve higher resolution localization, ultra-
structural analysis of the intracellular distri-
bution of CBP70 was performed. Figure 1
shows that undifferentiated HL60 cells possess
a large nucleus containing a slightly condensed
chromatin network and one to three nucleoli.
In the cytoplasm, endoplasmic reticulum, mi-
tochondria, and free ribosomes are readily ob-
served (Fig. 1). Compared to the control sec-
tions incubated with preimmune serum (Fig.
2A,B), the immunogold labeling of anti-CBP70
reveals localization of the protein both in the
nucleus and the cytoplasm (Fig. 3 and Fig. 4
A–C).

Within the nucleus, gold particles were local-
ized throughout the interchromatin spaces, as
well as in the nucleolus (Fig. 3). Such observa-
tions of random sections through the nucleus
allow us to conclude that there is an accumu-
lation of gold particles inside some nuclear ar-
eas that did not seem to correspond to the
perichromatin fibrils and interchromatin gran-
ules [Puvion-Dutilleul and Puvion, 1995; Pu-
vion and Puvion-Dutilleul, 1996]. The nuclear
envelope is also labeled (Fig. 3). In the nucleo-
lus, the dense fibrillar and granular parts are
labeled with the anti-CBP70 (Fig. 3).

Some years ago, CBP70 was isolated from
the nucleus of HL60 cells [Sève et al., 1993].
During affinity chromatography, this lectin
was coisolated with galectin-3 (previously
named CBP35) via protein–protein interac-
tions. We demonstrated that this interaction
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was disrupted by the addition of lactose [Sève
et al., 1993, 1994]. Galectin-3 has been de-
scribed in various nuclear territories [Hubert
et al., 1995]. Because galectin-3 was demon-
strated to be colocalized with spliceosome as-
sembly and especially with the splicing compo-
nent SC35 [Dagher et al., 1995; Hubert et al.,
1995], an exploration of the colocalization of
CBP70 and the splicing component SC35 was
performed. The binding of anti-CBP70 was re-
vealed with FITC anti-rabbit Ig (Fig. 5D). The
binding of anti-SC35 was revealed with Cy5-
conjugated goat anti-mouse Ig (Fig. 5E). In the
composite of double-immunofluorescence pat-
terns, the yellow areas represent regions of
coincidence of the green (FITC) and red (Cy5)
stains. Using confocal analysis, no yellow fluo-
rescence was observed (Fig. 5F,G), implying no
colocalization between CBP70 and SC35 in the
spliceosome assembly. These data strongly

suggest that the interaction between the two
partners (CBP70 and galectin-3), previously
detected by affinity chromatography [Sève et
al., 1993], probably takes place in the dense
fibrillar component of nucleoli [Hubert et al.,
1995].

Gold conjugated anti-CBP70 does not label
the plasma membrane (Fig. 4A). This observa-
tion corroborates the fluorescence data of in-
tact HL60 cells labeled with FITC-anti-CBP70
(data not shown). Within the cytoplasm, it was
possible to observe a low labeling of CBP70 in
the ER (Fig. 4B). However, probably because of
the technique used, it was difficult to detect
any association between CBP70 and the Golgi
apparatus (Fig. 4). More gold particles were
associated with the mitochondria (Fig. 4C). To
explore the possible presence of CBP70 associ-
ated with the ER, Golgi, and mitochondria (as
observed by electron microscopy), a double la-

Fig. 1. Ultrastructure of an undifferentiated HL60 cell. Undifferentiated HL60 cell exhibiting a large nucleus
containing some condensed chromatin (CC) and nucleoli (Nu). In the cytoplasm, endoplasmic reticulum (ER),
mitochondria (M), and free ribosomes (R) are readily observed (315,000).
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beling with specific antibodies of these cyto-
plasmic compartments was performed. Anti-
CBP70 was still observed by FITC fluorescence
(Fig. 5H,L,P). In all cases, the monoclonal
mouse anti-PDI antibody, mouse anti-Golgi-b
Cop (clone M3A5), and mouse anti-human mi-

tochondria were revealed with Cy5-conjugated
goat anti-mouse Ig (Fig. 5I,M,Q, respectively).
Colocalization of anti-PDI and anti-CBP70 was
visualized by an intense yellow fluorescence in
the cytoplasmic area near the nucleus, allow-
ing us to conclude that CBP70 is localized in

Fig. 2. Electron micrographs of sections of undifferentiated HL60 cells. Thin sections were reacted with (A) the
preimmune serum of the rabbit anti-CBP70 (1:25) and gold-conjugated goat anti-rabbit Ig (1/10); or (B) the
gold-conjugated goat anti-rabbit Ig alone (1:10). Note the specificity of gold particles in the nucleus and the
cytoplasm. N, nucleus; Nu, nucleolus; Cy, cytoplasm (355,000).
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the ER (Fig. 5J,K). Similar results were ob-
tained during immunostaining of the Golgi ap-
paratus (Fig. 5N,O) and mitochondria (Fig.
5R,S). All these data argue for an association of
CBP70 with the different cellular compartment
(endoplasmic reticulum, Golgi apparatus, and
mitochondria). However, it cannot be ruled out
that a diffuse cytosolic location may lead to
apparent colocalization with the other mark-
ers. The ultrastructural localization of CBP70
in mitochondria confirms previous results ob-
tained with antibodies raised against Bcl-2 and
anti-CBP70, strongly suggesting that these
two proteins interact at the mitochondria
membrane (unpublished observations). Non-
specific staining was not observed with FITC
anti-rabbit Ig alone (Fig. 5A) and/or Cy5-
conjugated goat anti-mouse Ig (Fig. 5B,C).

According to the results reported above, sub-
cellular fractionation experiments confirm the
presence of CBP70 in the 1) nuclear (Fig. 6A,
lane 1); 2) cytosolic (Fig 6A, lane 2); 3) mito-
chondria (Fig. 6A, lane 3); and 4) microsomal
fractions (Fig. 6A, lane 4). The verification of
the purity of each subcellular fraction obtained
was done by using the antibodies raised
against different specific marker proteins pre-
viously described such as: monoclonal mouse
anti-splicing factor SC-35 Ab for the nuclear
fraction (Fig. 6B), polyclonal rabbit anti-
glucose-6-phosphate dehydrogenase Ab for the
cytosolic fraction (Fig. 6C), monoclonal mouse
anti-human mitochondria Ab for the mitochon-
drial fraction (Fig. 6D), monoclonal mouse anti-
Golgi 58K Ab (Fig. 6E), and monoclonal mouse
anti-protein disulfide isomerase Ab (Fig. 6F)

Fig. 3. Electron micrograph of undifferentiated HL60 cells illustrating specific localization of CBP70. Thin sections
were reacted with rabbit anti-CBP70 (1:25) and gold-conjugated goat anti-rabbit Ig (1:10). Nu, nucleolus; Fc, fibrillar
center; DF, dense fibrillar region; G, granular region; NM, nuclear membrane; PM, plasma membrane; thick arrows,
interchromatin space; thin arrow, nuclear area with accumulation of gold particles (355,000).
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for the microsomal fraction. It can be noted
that a labeling is also detected in the nuclear
and the cytosolic fraction with the monoclonal
mouse anti-protein disulfide isomerase Ab (Fig.
6F, lanes 1 and 2). This is because the mono-
clonal mouse anti-protein disulfide isomerase
Ab also recognized calreticulin as reported by
Vaux and collaborators [Vaux et al., 1990] (Fig.
6F, upper band in lanes 1, 2, and 4) calreticulin
is a plurilocalized protein that is found in the
nuclear, the cytosolic, and the endoplasmic re-
ticulum [Hammond and Helenius, 1995;
Krause and Michalak, 1997]. Altogether, the
confocal analyses and these data did not allow
confirmation of whether the CBP70 is located
either inside or at the surface of the compart-
ments.

We reported previously that the nuclear and
cytoplasmic forms of CBP70 were glycosylated
by the addition of N- and O-linked oligosaccha-
rides chains [Rousseau et al., 1997]. Despite
the growing number of nuclear glycoproteins

described [Stein et al., 1975, 1981; Hubert et
al., 1985; Ferraro et al., 1991; Codogno et al.,
1992], the mechanism of glycosylation of nu-
clear proteins remains unknown. It is gener-
ally admitted that these nuclear glycoproteins
do not pass through the endoplasmic reticulum
and the Golgi apparatus, the two compart-
ments where classic N- and O-glycosylation oc-
cur. In this context, two hypotheses were pre-
sented in our previous article, to explain the
glycosylation of CBP70: 1) CBP70 could be gly-
cosylated by glycosyltransferases present in
the cytosol; or 2) CBP70 could enter in the ER
and the Golgi apparatus, despite the absence of
a signal peptide, become glycosylated and
emerge into the cytosol, targeted toward differ-
ent localizations (e.g., nucleus, mitochondria,
etc.). Interestingly, the results obtained in this
article with anti-ER and anti-Golgi might sup-
port the second hypothesis [Rousseau et al.,
1997]. Because of the association of CBP70
found with the ER and the Golgi apparatus, it

Fig. 4. Electron micrograph of cytoplasmic details in undifferentiated HL60 cells. Thin sections were labeled with
rabbit anti-CBP70 (1:25) and gold-conjugated goat anti-rabbit Ig (1:10). A: Plasma membrane (arrows). B: Endo-
plasmic reticulum (arrows). C: Mitochondria (arrows). (355,000.)
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Fig. 5. Immunofluorescent subcellular localization of CBP70
in permeabilized HL60 cells. Undifferentiated HL60 cells were
permeabilized with acetone, labeled with: 1) anti-CBP70 (1/
200) and FITC-conjugated swine anti-rabbit Ig (1/20) (green
fluorescence; D,H L,P); 2) anti-splicing factor SC-35 (1/1,000)
and Cy5-conjugated goat anti-mouse Ig (1/100) (red fluores-
cence; E); 3) antiprotein disulfide isomerase (1/20) (I); 4) anti-
Golgi-b Cop (1/20) (M) and 5) anti-human mitochondria (1/
100), revealed with Cy5-conjugated goat anti-mouse Ig (1/100)
(Q); 6) simultaneously, with anti-CBP70 and antisplicing factor
SC-35 (F,G); 7) anti-CBP70 and antiprotein disulfide isomerase

(J,K); 8) anti-CBP70 and anti-Golgi-b Cop (N,O); 9) anti-CBP70
and anti-human mitochondria (R,S). Note that in panel J or K, N
or O, and R or S, green (CBP70) and red (protein disulfide
isomerase, Golgi-b Cop or mitochondria) overlap in some area
of the cytoplasm to form yellow, indicating that these proteins
are colocalized. Cell nuclei were labeled with DAPI and rep-
resented in blue (C, G, K, O, and S). Controls were performed
with: (A) FITC-conjugated swine anti-rabbit Ig alone (1/20); (B)
Cy5-conjugated goat anti-mouse Ig alone (1/100); (C) FITC-
conjugated swine anti-rabbit Ig, in presence of Cy5-conjugated
goat anti-mouse Ig (1/100) and DAPI.
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is now reasonable to postulate that after
emerging from the ER and the Golgi apparatus
into the cytosol, CBP70 might be directed to-
ward its final subcellular localization by the
addition of posttranslational modifications. At
the present time, our study only shows a
CBP70 distribution at a steady state. A molec-
ular biology approach with the cloning of

CBP70 cDNA and ectopic expression of CBP70
protein will be necessary for a precise analysis
of posttranslational modifications involved in
the intracellular traffic of CBP70. O-GlcNAc
modification is a good candidate for this post-
translational signal, because 1) CBP70 glyco-
sylation is different for the cytoplasmic form,
compared to the nuclear form; 2) only the nu-
clear CBP70 contains terminal N- or O-linked
GlcNAc, as well as a-L-fucose [Rousseau et al.,
1997]; and 3) O-GlcNAc allows the targeting of
neoglycoproteins inside the nucleus [Duverger
et al., 1993, 1995, 1996].

In light of the results presented here with
the CBP70, experiments are in progress to de-
termine whether other nuclear glycoproteins
exhibit the process of glycosylation as postu-
lated for the CBP70.
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