
Rapid Communication J. Biochem. 122, 691-695 (1997)

Expression of the Human UDP-Galactose Transporter in the Golgi
Membranes of Murine Had-1 Cells That Lack the Endogenous
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In our previous study, we demonstrated that UDP-galactose transporter cDNAs (hUGTl
and hUGT2) were able to complement the genetic defect of murine Had-1 cells that were
deficient in the UDP-galactose transporter, and that the microsomal vesicles isolated from
Had-1-transformants, which were obtained through transfection with these cDNAs, had
recovered the ability to uptake UDP-galactose [Ishida, N. et al. (1996) J. Biochem. 120,
1074-1078]. In this report, we describe the preparation of peptide antibodies that recognize
the hUGT isozymes, and the detection of hUGT proteins expressed in the transformants. The
occurrence of the endogenous hUGTl protein in HeLa cells was also detected. Using the
hUGTl-specific antibodies, the subcellular localization of hUGTl in the Golgi membrane
was demonstrated by immunofluorescence microscopy and subcellular fractionation.
These studies led us to develop a simple procedure, based on Percoll density gradient
centrifugation, for preparing functional Golgi vesicles from the hUGTl-transformed Had-1
cells, that will facilitate future biochemical analyses of the UDP-galactose transporter for
the elucidation of its structure-function relationship.

Key words: Golgi apparatus, immunofluorescence microscopy, nucleotide-sugar transpor-
ter, peptide antibody, UDP-galactose transporter.

Nucleotide sugar transporters are localized in the mem-
branes of the Golgi complex, and deliver the substrates for
glycoconjugate biosynthesis from the cytosol to the intra-
Golgi compartments (1). Several groups including ours
recently identified cDNA clones that encode putative
nucleotide sugar transporters of man (2, 3) and other
mammals (4, 3), protozoa (5), and yeast (6, 7), based on
their ability to complement the genetic defects of nucleo-
tide sugar transporter-deficient mutant cells and on their
structural similarity. The cDNAs code for hydrophobic
proteins that are predicted to be intrinsic membrane
proteins with multiple membrane-spanning domains with
varying degrees of similarity to each other (3). Further-
more, in some of these cases, pertinent nucleotide sugar
transporting activity was detected in Golgi-enriched mem-
brane vesicles (3, 5-7), while in some the products tagged
with a hemagglutinin epitope were immunocytochemically
detected in the Golgi complex region (4, 5), in parallel with
the expression of a cDNA product in transporter-deficient
cells.
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As to the human UDP-Gal transporter (hUGT) isoforms
(hUGTl and hUGT2), which we described in our recent
publications, we showed that the microsome fraction
obtained from Had-1-derived cells, that had recovered a
lectin-sensitivity spectrum similar to that of the parental
FM3A cells as the result of transfection with hUGTl and
hUGT2 cDNAs, had acquired the UDP-Gal transporting
activity that was lacking in the microsomes similarly
isolated from Had-1 cells (2, 3). To establish further that
these cDNAs indeed code for the transporter proteins per
se and also to better characterize the proteins produced
from the cDNAs, we have now attempted to show that the
products of these cDNAs are located exclusively in the
Golgi membranes recovered from UGT-positive transfor-
mant cells.

To detect the products of hUGTl and hUGT2 cDNAs,
peptide antibodies were raised in rabbits. Specifically, two
peptides representing the C-terminal portions of hUGTl
and hUGT2 with sequences of 377RGDLITEPFLPKSVL-
VK393 (hUGTl peptide) and 381LITEPFLPKLLTKVK-
GS396 (hUGT2 peptide), respectively, were utilized. An
extra Cys residue was added at the N-terminus of each
peptide in order to couple it to keyhole limpet hemocyanin
(Sigma, St. Louis, MO, USA) via 4-(maleimidobenzoyl)-
iV-hydroxysuccinimide (Pierce, Rockford, IL, USA). The
resulting conjugates were used to immunize New Zealand
White rabbits. The IgG fraction was prepared from crude
antisera using an immobilized protein A column (Ampure
PA; Amersham, Buckinghamshire, UK). Specific anti-
bodies were enriched from the IgG fraction using affinity
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columns, namely ones of AF-Amino Toyopearl (Tosoh,
Tokyo) coupled with the antigen peptides, according to the
procedure described previously (8).

The specificity of the purified antibodies was assessed by
means of an enzyme-linked immunosorbent assay using the
hUGTl and hUGT2 peptides as solid-phase antigens (Table
I). The antibody against the hUGTl peptide (anti-hUGTl
antibody) reacted exclusively with the hUGTl peptide,
with practically no cross-reaction with the hUGT2 peptide,
although a part of the amino acid sequence is shared by the
hUGTl and hUGT2 peptides. The antibody against the
hUGT2 peptide (anti-hUGT2 antibody) showed significant
cross-reaction with the hUGTl peptide due to the common
sequence in the two peptides.

The specificities of the anti-hUGTl and anti-hUGT2
antibodies thus being defined, we next prepared micro-
somal vesicles from FM3A, Had-1, Had-l-hUGTl-GS-II-3
(Had-1/hUGTl), and Had-l-hUGT2-GS-II-G5 (Had-1/
hUGT2) cells (2, 3), and examined whether the products of

TABLE I. Determination of the relative preference of the
peptide antibodies for the peptide antigens. An enzyme-linked
immunosorbent assay was carried out to compare the relative
affinities of the peptide antibodies for the peptides used to raise the
antibodies, as follows: the wells of microtiter plates (Corning #25801)
were coated with 0.1 ml of the hUGTl peptide or hUGT2 peptide (10
/jg/m\) in phosphate-buffered saline (PBS) for 1 h at room tempera-
ture. The wells were blocked with 0.2 ml of 5% skimmed milk and
0.02% Tween 20 in Tris-buffered saline (TBS), consisting of 20 mM
Tris-HCl (pH 7.6) and 0.14 M NaCl, for 90 min at room temperature,
and then washed three times with 0.2 ml of 0.02% Tween 20 in TBS.
A serial dilution of anti-hUGTl or anti-hUGT2 antibodies in PBS
containing 1% BSA was added to each well, and then the plate was
incubated at room temperature for 1 h. The antibodies were removed,
and the wells were washed as before. To each well was added 0.1 ml
of HRP-labeled protein A (Amersham) in PBS containing 1% BSA at
1:2,500 dilution, and then the plate was kept at room temperature for
1 h. The wells were washed 3 times as above, and then 0.1 ml of a
H202-2,2'-azino-di[3-ethyl-benzothiazoline sulfonate(6)] (ABTS)
solution (KPL, Gaithersburg, MD, USA) was added to each well.
After keeping the plate for 30 min at room temperature, the absor-
bance at 405 nm was measured. The highest dilution factors at which
the absorbance exceeded 0.7 are indicated for each antibody and
peptide set.

hUGTl peptide hUGT2 peptide
Anti-hUGTl
Anti-hUGT2

1:8,000
1:4,000

< 1:500
1:8,000

the hUGT cDNAs were detected in these vesicles. Figure 1
shows that the anti-hUGTl antibody detected a 36 kDa
protein on immunoblots of Had-1/hUGTl microsomal
proteins. The anti-hUGT2 antibody detected a specific band
on those of Had-l/hUGT2 microsomal proteins. While the
anti-hUGT2 antibody preferentially detected a 36 kDa
protein in Had-l/hUGT2 cells, it also reacted with that
observed in Had-1/hUGTl cells, indicating that the anti-
body cross-reacted with the hUGTl protein. The binding of
these proteins with the antibodies was effectively quenched
by an appropriate antigen-peptide, verifying the specificity
of the detection. Neither peptide antibody gave a positive
signal with immunoblots of FM3A or Had-1 microsomes,
which indicates that the murine UGT protein is not recog-
nized by anti-hUGT antibodies. These results definitely
indicate that the products of hUGTl and hUGT2 cDNAs
are expressed in the microsomal membranes obtained from
the respective transformant cells.

The hUGTl protein, which is recognized by the anti-
hUGTl antibody, was clearly discernible in the microsomal
membranes of HeLa cells (Fig. IE). Although the anti-
hUGT2 antibody also detected specific protein(s) with the
same mobility (data not shown), we can not determine at
present whether hUGT2 is expressed in HeLa cells or not,
since the anti-hUGT2 antibody cross-reacts with the
hUGTl protein. The mobility of the hUGTl and hUGT2
proteins expressed in the transformant cells on SDS-PAGE
was identical with that of the intrinsic hUGTl protein in
HeLa cells, but was considerably greater than that expect-
ed from their calculated molecular weights (2, 3). While
the reason for this is unclear at present, Kanamori et al.
made a similar observation for the acetyl-CoA transporter
(9), and the murine CMP-sialic acid transporter expressed
in Saccharomyces cerevisiae also behaved similarly (10).

To investigate the subcellular localization of the trans-
porter, immunocytochemical analysis of the hUGTl iso-
form was carried out, utilizing the anti-hUGTl antibody.
Had-1/hUGTl cells were double-stained with the anti-
hUGTl antibody and monoclonal antibody 58K-9, an anti-
Golgi 58-kDa protein antibody (Sigma) (11, 12). The Golgi
region was distinctly identified on immunofluorescent
staining using monoclonal antibody 58K-9 (Fig. 2C), and
the same organelle were recognized by the anti-hUGTl
antibody (Fig. 2B), indicating that the hUGTl protein
expressed in Had-1 cells is localized in the Golgi apparatus.

anti-hUGT1 anti-hUGT2 anti-hUGT1

kDa

97 —
66 —

45 —

31 —

21 —

1 2 3 4
+pep.

5 6 1 2 3 4
+pep.

5 6 7 8 9

Fig. 1. Expression of hUGTl and hUGT2
in microsomes obtained from the trans-
formants and HeLa cells. The samples were
fractionated on a 12% SDS-PAGE gel, and
then electrotransferred to a polyvinylidene
difluoride membrane. After blocking with TBS
containing 5% skimmed milk and 0.5% Tween
20, the membrane was incubated with anti-
hUGTl (A, E) or anti-hUGT2 (C) antibodies
(1:2,000). For peptide competition, the anti-
hUGTl and anti-hUGT2 antibodies were pre-
incubated with 0.2 mg/ml hUGTl peptide (B)
and hUGT2 peptide (D), respectively, at room
temperature for 2 h. Binding of the antibodies A H r* n c
was detected through chemiluminescence
using HRP-conjugated protein A (Amersham) and an ECL detection kit (Amersham). The post-mitochondrial supernatant (Lanes 7 and 8) and
microsomal vesicles (Lanes 1-6, and 9) were prepared from FM3A (Lane 1), Had-1 (Lane 2), Had-1/hUGTl (Lanes 3, 5, and 7), Had-l/hUGT2
(Lanes 4, 6, and 8), and HeLa (Lane 9) cells, respectively, as described previously (3).
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The immunofluorescence observed for HeLa cells also
revealed the colocalization of the hUGTl protein and the
Golgi 58-kDa protein (Fig. 2, E and F). It is particularly
significant that the hUGTl protein naturally occurring in
cells was demonstrated to be localized in the Golgi mem-
branes.

The Golgi-localization of the hUGTl protein was also
examined by subcellular fractionation of Had-1/hUGTl
cells. A post-mitochondrial supernatant prepared from
Had-1/hUGTl cells was layered on top of 20% Percoll,
followed by centrifugation at 27,000 rpm for 50 min in a
Beckman 60Ti rotor. The fractions were assayed for
NADPH-cytochrome c reductase (13), an ER marker,
/?-l,4-galactosyltransferase (14), a trans-Golgi marker,
and UDP-Gal transporting (3) activities. The amount of the
hUGTl protein was estimated by immunoblot analysis
using the anti-hUGTl antibody. Figure 3 shows that the
occurrence of the hUGTl protein was closely correlated
with the presence of the UDP-Gal transporting activity in
individual fractions. It is also obvious that the distribution

of the UDP-Gal transporting activity over the fractions was
coincident with that of /3-1,4-galactosyltransferase activ-
ity. In contrast, NADPH-cytochrome c reductase activity
is distributed separately from these ones.

These results indicate that the products of hUGTl and
hUGT2 cDNAs, the hUGT proteins, are localized in the
Golgi membranes. In previous studies, we already demon-
strated that their occurrence in the microsomal vesicle's
recovered from Had-1 or its hUGT transformants deter-
mines whether the vesicles are competent in transporting
UDP-Gal or not (3). We may thus conclude that the hUGT
proteins represent the major, if not all, part of the Golgi
UDP-Gal transporter molecule. At least, the proteins
determine the substrate specificity of the transport appara-
tus. The results presented above also provide direct evi-
dence of the subcellular localization of the transporter in
the Golgi membrane, which has been suggested based
mainly on the results of experiments involving Golgi-
enriched microsomal fractions (15).

Fraction 6 in Fig. 3 was enriched in /?-l,4-galactosyl-

Fig. 2. Localization of hUGTl with a Golgi marker 58-kDa
protein by immunofluorescence microscopy. Had-1/hUGTl (A-
C) and HeLa (D-F) cells were fixed in methanol at — 20'C, and then
doubly labeled with affinity-purified rabbit anti-hUGTl (B, E) and
mouse anti-Golgi 58-kDa protein (C, F) antibodies according to the
procedure described previously (11). Primary antibodies were used at
1:50 dilution in PBS containing 0.2% gelatin. FITC-conjugated anti-

rabbit IgG and Cy3-conjugated anti-mouse IgG antibodies were
obtained from Vector Laboratories (Barlingame, CA, USA), and
Jackson Immuno Research Laboratories (West Grove, PA, USA),
respectively. The preparation was mounted and viewed by laser
scanning confocal microscopy (model MRC-600; BioRad Labs, Her-
cules, CA). AandD: Nomarski images. Bar, 10 ftm (A-C); 20//m(D-
F).
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Fig. 3. Fractionation of post-mitochondrial membrane vesi-
cles derived from Had-1/hUGTl cells by Percoll density gradi-
ent centrifugation. A post-mitochondrial supernatant was prepared
from 4 x 108 Had-1/hUGTl cells as described in Fig. 1. A 3-ml aliquot
of the supernatant was layered on top of 32 ml 20% Percoll containing
10 mM HEPES-Tris (pH 7.4), 0.25 M sucrose, and 1 //g/ml each of
leupeptin, aprotinin, and pepstatin A, followed by centrifugation at
27,000 rpm for 50 min in a Beckman 60Ti rotor. After the centrifuga-
tion, 1.2-ml fractions were collected from the top of the tube. A: The
NADPH-cytochrome creductase (O) and/?-l,4-galactosyltransferase
(•) activities were assayed in 5- and 20-//1 aliquots of each fraction,
respectively, as described (13, 14). B: The UDP-Gal transporting
activity was assayed as described before with slight modification (3).
Briefly, the transport reaction was started by mixing 50//I of each
fraction with an equal volume of a 2-times concentrated reaction
medium to obtain a 100 fi\ reaction mixture containing 0.25 M
sucrose, 10 mM HEPES-Tris (pH 7.4), 1 mM MgCl2; 0.5 mM dimer-
captopropanol, and 1 //M UDP- [3H]Gal (6,400 Ci/mol). The samples
were incubated for 1 min at 30*C, and then the reaction was stopped
by 10-fold dilution with an ice-cold stop solution comprising 0.25 M
sucrose, 10 mM HEPES-Tris (pH 7.4), 1 mM MgCl2, and 1 //M non-
radioactive UDP-Gal. The entire reaction mixture was poured onto an
Advantec Toyo A045A025A nitrocellulose filter (Advantec Toyo,
Tokyo). The filter was washed 3 times with 1 ml of the ice-cold stop
buffer, and then dried. The radioactivity remaining on the filter was
determined. C: Immunoblot analysis of the hUGTl protein was
carried out as in Fig. 1 on a 10-//1 aliquot of each fraction, using the
anti-hUGTl antibody.

transferase activity by approximately 2- and 3-fold, as
compared to the crude microsomal membranes and the
post-mitochondrial supernatant, respectively. The Golgi-
enriched membrane fraction is very well preserved, since
the activity of/3-1,4-galactosyltransferase, whose catalytic
site is on the lumenal side of the membrane, was only
detectable in the presence of Triton X-100, as shown in Fig.
4. This indicates that the membrane vesicles retained the
correct sidedness as was found in the intact Golgi appara-

-det. +det.

•3 400

300

CD
(/I

2 200

>- 100

O
-det. +det.

Fig. 4. Effects of Triton X-100 on the UDP-Gal transport and
the /9-1,4-galactosyltransferase activities of isolated Golgi
vesicles. Fraction 6 in Fig. 3 was saved, and 50- and 20-//1 aliquots
of it were used to measure the UDP-Gal transport (A) and yfl-1,4-
galactosyltransferase (B) activities, respectively. The reaction was
performed as in Fig. 3 with or without 0.2% Triton X-100 ( + / -
det.).

tus. Figure 4 also shows that the uptake of UDP-Gal was not
observed in the presence of detergents such as Triton
X-100. Thus, the uptake of UDP-Gal by the Golgi mem-
brane fractions represents the net transport of the sub-
strate into sealed vesicles across the membranes. We have
thus developed a simple procedure for preparing function-
ally well preserved Golgi membranes using hUGTl-trans-
formants of Had-1 cells. This will significantly facilitate
future biochemical analyses for elucidation of the struc-
ture-function relationships of nucleotide sugar transport-
ers including the UDP-Gal transporter.

We are grateful to Dr. Hiroyuki Aizawa, The Tokyo Metropolitan
Institute of Medical Science, for his helpful advice on confocal
microscopy.
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