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Abstract: Gangliosides are sialylated glycosphingolipids
whose biosynthesis is catalyzed by a series of endoplasmic
reticulum (ER)- and Golgi-resident glycosyltransferases.
Protein expression, processing, and subcellular localization
of the key regulatory enzymes for ganglioside biosynthesis,
sialyltransferase II (ST-II) and N-acetylgalactosaminyltrans-
ferase I (GalNAcT), were analyzed upon transient expres-
sion of the two enzymes in the neuroblastoma cell lines
NG108-15 and F-11. The enzymes were endowed with a
C-terminal epitope tag peptide (FLAG) for immunostaining
and immunoaffinity purification using a FLAG-specific anti-
body. Mature ST-II–FLAG and GalNAcT–FLAG were ex-
pressed as N-glycoproteins with noncomplex oligosaccha-
rides. ST-II–FLAG was distributed to the Golgi apparatus,
whereas GalNAcT–FLAG was found in the ER and Golgi.
Inhibition of early N-glycoprotein processing with castano-
spermine resulted in a distribution of ST-II–FLAG to the ER,
whereas that of GalNAcT–FLAG remained unaltered. In
contrast to GalNAcT, the activity of ST-II and the amount of
immunostained enzyme were reduced concomitantly by
75% upon incubation with castanospermine. This was due
to a fourfold increased turnover of ST-II–FLAG, which was
not found with GalNAcT–FLAG. The ER retention and in-
creased turnover of ST-II–FLAG were most likely due to its
inability to bind to calnexin upon inhibition of early N-glyco-
protein processing. Calnexin binding was not observed for
GalNAcT–FLAG, indicating a differential effect of N-glyco-
sylation on the turnover and subcellular localization of the
two glycosyltransferases. Key Words: Gangliosides—
Glycosyltransferases—Posttranslational modification—
Subcellular localization—N-Glycosylation—Chaperones.
J. Neurochem. 74, 2359–2364 (2000).

Gangliosides are sialic acid-containing glycosphingo-
lipids synthesized by a sequence of glycosyltransferases
acting in parallel biosynthetic pathways. The composi-
tion of gangliosides is correlated with distinct stages
of neuronal cell development, indicating that the tempo-
ral and spatial expression of biosynthetic enzymes is
tightly regulated (Yu, 1994). Recently, it has been shown
that N-glycosylation of sialyltransferase II (ST-II) or
N-acetylgalactosaminyltransferase I (GalNAcT) may af-
fect their activity or subcellular localization (Haraguchi

et al., 1995; Martina et al., 1998). Elimination of N-
linked oligosaccharides reduced the activity of the two
enzymes to,10% of the activity as determined with
cells expressing the fully glycosylated enzyme (Haragu-
chi et al., 1995; Martina et al., 1998). It remained to be
elucidated, however, whether this phenomenon was due
to a reduction of the substrate affinity or catalytic activity
of the enzymes or to a decrease of the amount of enzyme
by enhanced intracellular turnover. In this investigation,
we analyzed the significance ofN-glycosylation for the
specific activity, intracellular stability, and subcellular
localization of GalNAcT and ST-II. Intracellular turn-
over and localization were monitored by pulse chase exper-
iments and immunofluorescence studies with neuronal cells
expressing the respective enzymes endowed with a C-ter-
minal tag epitope for immunoaffinity purification and de-
tection. The enzyme activity of theN-glycosylated expres-
sion products was compared with that of the unglycosylated
enzymes translated in vitro in a cell-free system. Optionally,
early N-glycoprotein processing in transfected cells was
blocked by incubation with castanospermine, an inhibitor of
trimming glucosidases I and II (Kornfeld and Kornfeld,
1985; Kalz-Fu¨ller et al., 1995).

MATERIALS AND METHODS

Materials
NG108-15 and F-11 cells were kindly provided by Drs.

Robert Ledeen (New Jersey School of Medicine, Newark, NJ,
U.S.A.) and Glyn Dawson (University of Chicago, Chicago, IL,
U.S.A.), respectively. A Superscript mouse 15.5-day embryo
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cDNA library in pCMV-Sport 2 vector and Lipofectamine
were purchased from GibcoBRL (Gaithersburg, MD, U.S.A.).
The FLAG epitope mammalian expression system, includ-
ing pFLAG-CMV-5b expression vector, anti-FLAG BioM2a
mouse monoclonal IgG antibody, and anti-FLAG M2-immu-
noaffinity gel, was purchased from Eastman Kodak Co. (New
Haven, CT, U.S.A.). Goat polyclonal anti-calnexin (C-20) IgG
and goat anti-mouse IgG–fluorescein isothiocyanate conjugate
were obtained from Santa Cruz Biotechnology (Santa Cruz,
CA, U.S.A.). Donkey polyclonal anti-mouse IgG–horseradish
peroxidase conjugate was from Jackson ImmunoResearch
(West Grove, PA, U.S.A.). Rabbit polyclonal anti-goat IgG-
horseradish peroxidase conjugate was obtained from Sigma
Chemical Co. (St. Louis, MO, U.S.A.). Glycopeptidase F
(glyco F) and endoglycosidase H (endo H) were from New
England Biolabs (Beverly, MA, U.S.A.). The TNT-coupled
reticulocyte lysate system for in vitro transcription/translation
was from Promega (Madison, WI, U.S.A.). 6-[[N-(7-Nitrobenz-
2-oxa-1,3-diazol-4-yl)amino]hexanoyl]sphingosine (NBD-C6-
ceramide) and ER-Tracker Blue-White DPX were purchased
from Molecular Probes (Eugene, OR, U.S.A.). CMP-N-[9-
3H]acetylneuraminic acid (33 Ci/mmol) and UDP-N-[1-
3H]acetylgalactosamine (50 Ci/mmol) were from New England
Nuclear (Boston, MA, U.S.A.). [35S]Methionine (1,175 Ci/
mmol) was from ICN Pharmaceuticals (Costa Mesa, CA,
U.S.A.). All other chemicals were of analytical grade or higher,
and solvents were freshly redistilled before use.

Cloning of ST-II and GalNAcT cDNAs
A 15.5-day-old mouse embryo cDNA library containing 1

3 107 independent clones inEscherichia coliDH-12 S was
amplified on 96-well plates. An aliquot (0.5ml) from each well
was screened by PCR for the cDNA of GalNAcT or ST-II
following a procedure described elsewhere (Kapitonov et al.,
1999). A cDNA encompassing the entire coding region of
mouse GalNAcT or ST-II was amplified using two sets
of oligonucleotide primers, one with primer position210
(CCATATCAGGATGCGGCTAG) and 1,730 (AAAGGATC-
CACACTCGGCGGTCATGCAC) for amplification of Gal-
NAcT-specific cDNA and the other with primer position214
(ACACCGAGCTGCGATGAG) and 1,096 (AAAGGTACCG-
GAAGTGGGCTGTGGTGACG) for amplification of ST-II-
specific cDNA. The cDNAs were inserted upstream from the
FLAG epitope sequence of the pFLAG-5a vector.

In vitro transcription and translation
Cell-free synthesis of ST-II or GalNAcT tagged with the

C-terminal FLAG epitope was performed according to the
instructions of the manufacturer of the TNT-coupled in vitro
transcription/translation kit. For radioactive labeling of the
translation product, the incubation reaction mixture was sup-
plemented with 0.5ml of [35S]methionine (2mCi). GM3 (final
concentration 500mM) was added when the translation product
was used for determination of enzyme activity. Other aliquots
of the reaction mixture were used for sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (SDS-PAGE) or immuno-
affinity isolation of the translation product.

Transient transfection and immunofluorescence
studies

Transient transfection of murine neuroblastoma F-11 or
NG108-15 cells was performed with 2mg of cDNA specific for
ST-II– or GalNAcT–FLAG following the Lipofectamine pro-
cedure described by the manufacturer. Fifteen to 35 h after
transfection, cells were used for metabolic labeling studies or
harvested by cell scraping and resuspended in 1 ml of phos-

phate-buffered saline (pH 7.4). Aliquots of the cells were
solubilized with lysis buffer for determination of enzyme ac-
tivity or immunoaffinity purification of the expression product.
For immunofluorescence studies, NG108-15 or F-11 cells were
grown on coverslips and transiently transfected with cDNA
constructs as described above. Twenty-four hours after trans-
fection, cells were fixed with 4% formaldehyde in phosphate-
buffered saline and the expression products detected by confo-
cal laser immunofluorescence microscopy following a proce-
dure described elsewhere (Bieberich and Bause, 1995). Specific
staining of the Golgi apparatus or the endoplasmic reticulum
(ER) was achieved by incubation of the cells for 10 min at 37°C
prior to fixation with 100mM NBD-C6-ceramide or 500 nM
ER-Tracker Blue White DPX according to the instructions of
the manufacturer.

Enzyme preparation and activity assay
Transfected or untransfected cells were harvested as de-

scribed above and the activities of ST-II and GalNAcT deter-
mined with detergent-solubilized cells under the condition of
substrate saturation as described elsewhere (Bieberich and Yu,
1999). Determination of the activity of the in vitro translated
enzymes was performed with one-tenth of the translation reac-
tion mixture using the same composition of assay buffer as with
solubilized cells. After the reaction, the radiolabeled glycolipid
product was separated from the substrate by gel permeation
chromatography on a Sephadex G-50 column or by high-
performance thin-layer chromatography as described (Gu et al.,
1995). The transferred radioactivity was determined by liquid
scintillation counting.

Metabolic labeling and pulse chase experiments
Approximately 2–33 106 NG108-15 or F-11 cells trans-

fected with 5mg of the plasmid containing epitope-tagged
ST-II or GalNAcT were incubated for 1 h at37°C with 250
mCi of [35S]methionine (1,175 Ci/mmol) in 2 ml of serum-
free and methionine-deficient Dulbecco’s modified Eagle’s
medium. For metabolic chase, the medium was replaced by
Dulbecco’s modified Eagle’s medium and 10% fetal calf
serum supplemented with 1 mM unlabeled methionine. Im-
munoaffinity purification of the expression products was
performed with an immobilized monoclonal antibody
against the FLAG epitope following a procedure given by
the manufacturer. The time period for labeling was extended
to 15 h for determination of the specific activity of the
expression products.

Miscellaneous procedures
The amount of protein in cell preparations was determined

according to a modification of the Folin phenol reagent assay as
described elsewhere (Wang and Smith, 1975). Protein precip-
itation was performed according to the Wessel–Flu¨gge method
(1984). SDS-PAGE, immunoblotting, and all molecular biol-
ogy procedures followed standard methods as described else-
where (Laemmli, 1970; Gershoni and Palade, 1983; Sambrook,
1989).

RESULTS AND DISCUSSION

Enzyme activity of transiently expressed and in
vitro translated enzymes

Two neuroblastoma cell lines, NG108-15 and F-11
cells, were used for the transient transfection with plas-
mid containing ST-II- or GalNAcT-specific cDNA en-
dowed with a C-terminal sequence encoding the FLAG
epitope tag. Cells were transfected with the cDNA cod-
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ing for the enzyme known to show low endogenous
activity in the respective cell line. As shown in Table 1,
expression of ST-II in NG108-15 cells resulted in an
increase of enzyme activity to 550% of that of untrans-
fected control cells (450 dpm/mg of cell protein/h). The
enzyme activity of GalNAcT was enhanced by 100% (to
5,900 dpm/mg of cell protein/h) when F-11 cells were
used for transfection. Inhibition ofN-glycoprotein pro-
cessing by preincubation of transfected cells with cas-
tanospermine (500mM) resulted in a reduction of the
specific activity of ST-II and GalNAcT to 256 5% and
75 6 15%, respectively. Cell growth was not signifi-
cantly affected by incubation with castanospermine up to
4 days prior to transfection, indicating that the level of
protein translation was not reduced by the inhibitor.

The cDNA of ST-II–FLAG or GalNAcT–FLAG was
used to synthesize in vitro the enzymes without N-linked
oligosaccharides and analyze their activity. The in vitro
synthesis was performed in the presence of the substrate
GM3 to stabilize the active protein conformation. The
enzyme activity was determined by high-performance
thin-layer chromatography analysis and liquid scintilla-
tion counting of incorporated radioactivity found in the
excised band of the product ganglioside. Based on the
staining intensity on immunoblots, the same amount of in
vitro translation and expression product was used for
determination of enzyme activity (see Fig. 2 for immu-
nostaining). As shown in Table 1, the specific activity of
in vitro translated ST-II was calculated to be 55% of the
cellular expression product. This observation is in con-
trast to the conclusion reached by a previous report on a
loss of enzyme activity by elimination of N-linked oli-
gosaccharides to,10% that was due to an impairment of
the catalytic activity of the enzyme (Martina et al., 1998).
The in vitro synthesis of ST-II in the absence of substrate
yielded a translation product that was,30% as active as
that synthesized in the presence of GM3 (Table 1). This
result indicates that the active conformation of the en-
zyme was significantly stabilized by the substrate. The
enzyme activity of the in vitro translated GalNAcT,

however, was,20% of the expression product and could
not be stabilized by incubation with GM3 (Table 1). It
should be noted that in vitro synthesis is more affected
by a variety of factors required for enzyme stabilization
than is protein translation in vivo. This effect may have
accounted for a partial loss of the ST-II activity and the
individual differences observed with the activities of in
vitro translated ST-II and GalNAcT.

Turnover and N-glycoprotein processing of enzymes
in neuroblastoma cells

The biosynthesis and turnover of ST-II–FLAG and
GalNAcT–FLAG were analyzed by metabolic pulse
chase labeling of transiently transfected NG108-15 cells
with [35S]methionine in the presence or absence of cas-
tanospermine. The expression products were isolated
by immunoaffinity chromatography, separated by SDS-
PAGE, and visualized by autoradiography. Figure 1
shows the semilogarithmic plot of incorporated [35S]me-
thionine as calculated from a densitometric analysis of
various autoradiograms and subsequent scintillation
counting of the excised bands corresponding to the la-
beled expression products. In unaffected NG108-15
cells, ST-II–FLAG was expressed as a protein of 45 kDa
that was degraded at a rate oft1/2 5 30 h, whereas the
half-life of GalNAcT–FLAG (65 kDa) was only 6 h (see
Fig. 2 for molecular masses). Incubation of transfected
and metabolically labeled cells with castanospermine
reduced the half-life of ST-II–FLAG to 8 h, whereas that
of GalNAcT remained almost unaltered. From this result,
it can be concluded that the reduction of the activity of
ST-II upon incubation with castanospermine was due
solely to a decrease of the intracellular half-life by en-
hanced turnover of the enzyme. This conclusion is in line
with the observation that neither the activity nor the
half-life of GalNAcT was significantly reduced upon
incubation with castanospermine.

The type of oligosaccharide N-linked to ST-II–
FLAG or GalNAcT–FLAG was characterized by in-
cubation of the expression products with glyco F or

TABLE 1. Expression of ST-II and GalNAcT

ST-II GalNAcT

NG108-15 F-11 Cell-free NG108-15 F-11 Cell-free

Untransfected 4506 90 1,5006 300 — 5,8006 800 2,9006 550 —
Transfected 2,5006 500 — — — 5,9006 800 —
Transfected1

castanospermine 6506 130 — — — 4,5006 700 —
1 GM3 — — 1,1306 230a — — ,200
2 GM3 — — 3406 70a — — ,200

Specific enzyme activity is expressed as dpm of transferred [3H]sugar/mg of cell protein/h. NG108-15 or F-11 cells were solubilized in enzyme
assay buffer with or without prior transfection with ST-II–FLAG or GalNAcT–FLAG and incubation with or without castanospermine. An aliquot
equivalent to 200mg of cell protein was used for determination of enzyme activity as described in Materials and Methods. ST-II–FLAG or
GalNAcT–FLAG was synthesized in a cell-free in vitro transcription / translation system with or without 500mM GM3, and an aliquot corresponding
to the amount of enzyme expressed in transfected cells was used for activity assays. The relative amount of enzyme was determined by the intensity
of staining with a FLAG epitope-specific antibody on immunoblots, as shown in Fig. 2. The specific activity of the translation product was
standardized based on the protein concentration of the expression product with identical staining intensity.

a Specific activity was calculated from the amount of cell protein yielding the intensity of FLAG-positive immunostaining equivalent to that of the
in vitro translated enzyme.
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endo H prior to SDS-PAGE and immunoblotting. Fig-
ure 2A and B shows that the two proteins of 45 kDa
(ST-II, Fig. 2A, lanes 1 and 2) and 65 kDa (GalNAcT,
Fig. 2B, lane 1) migrated with a lower molecular mass
after removal of N-linked oligosaccharides with endo
H (Fig. 2A and B, lane 4). This difference of;3 kDa
was also observed after cleavage with glyco F (Gal-
NAcT, Fig. 2B, lane 7) and can be explained by
removal of approximately two to threeN-glycans. The
molecular mass after cleavage with glyco F or endo H
corresponded to that of the unglycosylated enzymes
translated in vitro (ST-II, Fig. 2A, lane 6; GalNAcT,
Fig. 2B, lane 6). The sensitivity to endo H indicates
that the sugar chains were not converted to complex-
type oligosaccharides. Incubation with castanosper-
mine resulted in a reduction of the amount of immu-
nostained ST-II–FLAG by;75%, whereas that of
GalNAcT–FLAG was decreased to a much lesser ex-
tent (by 25%). Incubation with castanospermine con-
verted the endo H-sensitive ST-II–FLAG into a form
of higher molecular mass, most likely due to preser-
vation of the precursor oligosaccharide N-linked to the
protein (Fig. 2A, lane 3). A reduction of the amount of
unprocessed ST-II was very likely caused by a de-
crease of the half-life of the expression product upon
inhibition of early N-glycoprotein processing by cas-
tanospermine. This is corroborated by the observation
that metabolic labeling did not reveal a reduction of
the rate of protein translation (Fig. 1). The amount of
GalNAcT was not significantly reduced upon incuba-
tion with castanospermine. Due to the higher molec-

FIG. 1. Pulse chase labeling of ST-II–FLAG and GalNAcT–FLAG
in NG108-15 cells. NG108-15 cells were transfected with ST-II–
FLAG or GalNAcT–FLAG and after 24-h incubation labeled for
1 h with 250 mCi of [35S]methionine. Optionally, the medium was
supplemented with 500 mM castanospermine (Cast) 2 h prior to
transfection. After time periods of chase with 1 mM unlabeled
methionine as indicated, cells were solubilized and the labeled
expression products immunoaffinity purified and analyzed by
SDS-PAGE and autoradiography. The radioactivity incorporated
into the enzymes was determined by liquid scintillation counting
of the excised bands and analyzed as shown in the semiloga-
rithmic plot. Radioactivity as plotted for each labeling reaction
corresponds to 100 mg of solubilized protein. Results were ob-
tained from three independent pulse chase experiments for each
time course.

FIG. 2. N-Glycoprotein analysis and calnexin binding of ST-II–FLAG and GalNAcT–FLAG. NG105-15 cells transfected with ST-II–FLAG
or GalNAcT–FLAG were solubilized and the epitope-tagged enzymes analyzed by SDS-PAGE and immunoblotting, as described. A:
Immunostaining of ST-II–FLAG with anti-FLAG antibody. Lane 1, control without castanospermine or endo H incubation, 5 mg of cellular
protein; lane 2, as in lane 1 but 10 mg of cellular protein; lane 3, incubation with castanospermine but without endo H, 10 mg of cellular
protein; lane 4, control without castanospermine but with endo H incubation, 10 mg of cellular protein; lane 5, incubation with
castanospermine and endo H, 50 mg of cellular protein; lane 6, in vitro synthesized ST-II, 2 ml of the translation reaction mixture (50 ml).
B: Immunostaining of GalNAcT–FLAG with polyclonal anti-FLAG antibody. Lane 1, control without castanospermine or endo H, 20 mg
of cellular protein; lane 2, incubation with castanospermine but without endo H, 20 mg of cellular protein; lane 3, empty; lane 4, control
without castanospermine but with endo H, 20 mg of cellular protein; lane 5, incubation with castanospermine and endo H, 20 mg of
cellular protein; lane 6, in vitro synthesized GalNAcT, 1 ml of the translation reaction mixture (50 ml); lane 7, control without
castanospermine but with glyco F incubation. C: Immunostaining of calnexin co-purified as a complex with ST-II–FLAG or GalNAcT–
FLAG from 250 mg of solubilized cellular protein. Lane 1, ST-II–FLAG/calnexin without castanospermine or endo H incubation,
corresponding to 20 mg of cellular protein; lane 2, as in lane 1 with castanospermine, corresponding to 100 mg of cellular protein; lanes
3 and 4, as in lanes 1 and 2 with GalNAcT–FLAG, corresponding to 50 mg of cellular protein.
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ular mass of GalNAcT, it cannot yet be decided
whether this N-glycoprotein also undergoes partial
processing (Fig. 2B, lanes 1 and 2).

The potential binding to chaperones known to par-
ticipate in assisting folding ofN-glycoproteins was
analyzed by co-immunoaffinity chromatography of a
potential complex with ST-II–FLAG and GalNAcT–
FLAG expressed in NG108-15 cells. Up to 500mg of
solubilized protein was applied to the FLAG-specific
immunoaffinity gel and the eluate subjected to SDS-
PAGE. Immunoblots were probed with an antibody
specific for calnexin. Figure 2C shows that calnexin
was co-purified as a complex with ST-II–FLAG (lane
1) unless the transfected cells were incubated with
castanospermine (lane 2). This result indicates that
calnexin binding was dependent upon the removal of
the terminal glucose residue of oligosaccharides N-
linked to ST-II–FLAG. The lack of calnexin binding
to ST-II–FLAG endowed with precursorN-glycans is

in line with the increased turnover of the enzyme.
Recently, it has been reported for a number ofN-
glycoproteins that processing of the precursor oligo-
saccharide by glucosidase I is a prerequisite for the
chaperone activity of calnexin (Helenius, 1994; Ham-
mond et al., 1994; Chen et al., 1995; Hebert and
Helenius, 1995; Hebert et al., 1995; Bonen et al.,
1998; Cannon and Helenius, 1999). Inhibition of glu-
cosidases I and II by incubation with castanospermine
resulted in retention and enhanced degradation ofN-
glycoproteins in the ER. In this study, we demonstrate
for the first time that processing of N-linked oligosac-
charides is a prerequisite for chaperone binding to a
glycosyltransferase participating in glycolipid biosyn-
thesis. Calnexin binding, however, could not be dem-
onstrated for GalNAcT (Fig. 2C, lanes 3 and 4), sug-
gesting that its processing and intracellular transloca-
tion may follow a mechanism different from that of
ST-II.

FIG. 3. Subcellular distribution of
ST-II–FLAG and GalNAcT–FLAG in
NG108-15 cells. NG108-15 cells
were transfected with ST-II–FLAG or
GalNAcT–FLAG and immunostained
with a FLAG-specific antibody and a
secondary antibody with fluorescein
isothiocyanate or rhodamine label.
Cells were analyzed by confocal laser
immunofluorescence microscopy. A:
Staining of GalNAcT–FLAG; B: stain-
ing of ST-II–FLAG; C: staining of ST-
II–FLAG after incubation of the trans-
fected cells with castanospermine;
D: staining with ER-Tracker.

J. Neurochem., Vol. 74, No. 6, 2000

2363N-GLYCOSYLATION EFFECT ON GLYCOSYLTRANSFERASES



Subcellular distribution of ST-II and GalNAcT in
neuroblastoma cells

The subcellular distribution of ST-II–FLAG and
GalNAcT–FLAG was determined by epitope tag-specific
immunostaining combined with confocal laser fluores-
cence microscopy, as shown in Fig. 3. GalNAcT was
distributed over a wide range in the ER or ER and Golgi
(Fig. 3A), whereas the localization of ST-II was confined
to the Golgi (Fig. 3B). This result is in line with previous
reports on the subcellular localization of ST-II; however,
the distribution of GalNAcT has been reported to be
confined to the Golgi (Haraguchi et al., 1995; Martina
et al., 1998). Incubation with castanospermine resulted in
an aberrant distribution of ST-II to the ER (Fig. 3C),
whereas that of GalNAcT remained unaltered (not
shown). For co-localization, Golgi and ER were specif-
ically stained with NBD-C6-ceramide or ER-Tracker, re-
spectively (for ER staining, see Fig. 3D; Golgi staining is
not shown). The pattern of subcellular distribution was
independent of the time period after transfection, the overall
staining intensity, or the cell line used for transfection.

Conclusions
In summary, our results demonstrate that early pro-

cessing of N-linked oligosaccharides is crucial for the
intracellular stability and distribution of ST-II but not
for its catalytic activity. Retention and enhanced turn-
over of ST-II in the ER upon inhibition of early
N-glycoprotein processing were very likely correlated
with a lack of calnexin binding, resulting in incorrect
protein folding and aberrant translocation of the ex-
pression product. It was shown that this effect cannot
be generalized to all of the glycosyltransferases in
ganglioside biosynthesis as GalNAcT was not or was
only slightly affected by inhibition with castanosper-
mine. Both enzymes are type II transmembrane pro-
teins without any known ER retention signal, which
could have accounted for a different subcellular local-
ization (Ellgaard et al., 1999). However, the number of
potentialN-glycosylation sites of GalNAcT is smaller
than that of ST-II (three versus four), whereas its
molecular mass is greater by;20 kDa. It is possible
that the number or position of N-linked oligosaccha-
rides may have accounted for the individual binding
on N-glycoproteins to chaperones. This assumption is
supported by a recent study on binding of calnexin to
pancreatic ribonuclease, which was found to depend
on the number ofN-glycan chains (Rodan et al., 1995).
In future studies, we will investigate the molecular mecha-
nism underlying the distinct binding of ST-II and GalNAcT
to calnexin. In addition, we will analyze the significance of
a differential modulation of turnover and subcellular distri-
bution of these two glycosyltransferases for the expression
of specific gangliosides.
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