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The Sd*/Cad antigen reported on glycoconjugates of human tissues has an
increasingly recognized wide impact on the physio-pathology of different
biological systems. The last step of its biosynthesis relies on the enzymatic
activity of the [1,4-N-acetylgalactosaminyltransferase-II (B4GALNT?2),
which shows the highest expression level in healthy colon. Previous studies
reported the occurrence in human colonic cells of two B4AGALNT?2 protein
isoforms that differ in the length of their cytoplasmic tail, the long isoform
showing an extended 66-amino acid tail. We examined here, the subcellular
distribution of the two B4GALNT2 protein isoforms in stably transfected
colonic LS174T cells and in transiently transfected HeLa cells using fluo-
rescence microscopy. While a similar subcellular distribution at the trans-
Golgi cisternae level was observed for the two isoforms, our study pointed
to an atypical subcellular localization of the long BAGALNT?2 isoform into
dynamic vesicles. We demonstrated a critical role of its extended cytoplas-
mic tail for its Golgi targeting and post-Golgi sorting and highlighted the
existence of a newly described post-Golgi sorting signal as well as a previ-
ously undescribed fate of a Golgi glycosyltransferase.

Database

The proteins B1,4GalNACT II, B1,4-GalTl, FucT I, FucT VI and ST3Gal IV are noted
B4GALNT2, B4GALTI, FUTI, FUT6 and ST3GAL4, whereas the corresponding human genes
are noted B4GALNT?2, B4GALTI, FUTI, FUT6 and ST3GAL4 according to the HUGO nomen-
clature.

Introduction

Glycosylation takes place along the secretory pathway
and is one of the most important and complex co- and
post-translational modification of proteins described in
eukaryotic cells. In the Golgi apparatus, terminal

Abbreviations

glycosylation reactions (i.e., sialylation, fucosylation,
N-acetylgalactosaminylation) generate a huge panel of
glycans that confer a variety of structural and func-
tional roles to the glycoproteins exposed at the cell

CT, cytoplasmic tail; CTS, cytoplasmic/transmembrane/stem domain; eGFP, Green fluorescent protein; Fuc, Fucose; Gal, Galactose; GalNAc,
N-acetylgalactosamine; GIcNAc, N-acetylglucosamine; LF-B4GALNT2, Long BAGALNT2 protein isoform; mCy, mCherry; NeubAc, N-
acetylneuraminic acid; PBS, Phosphate buffer saline; SDS/PAGE, sodium dodecylsulfate polyacrylamide gel electrophoresis; SF-B4GALNT2,

Short B4GALNT2 protein isoform.
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surface. Besides, altered terminal glycosylation is a
common feature of cancer cells conferring new pheno-
typic properties to the cells. Among sialylated glycans
of interest, the Sd*/Cad histo-blood group antigen
(NeuS5Aca2,3[GalNAcB1,4]GalP1,3/4GlcNAc/GalNAc)
has been reported on glycoproteins and glycolipids in
various biological systems [I1-3]. Several studies
reported this sialylated glycotope mainly in the healthy
digestive tract and its disappearance in the cancerous
colonic cells to the benefit of sialyl Lewis x antigen
(Neu5Aca2,3Galpl,4[Fucal,3]GIcNAc), a  selectin
ligand serving as a cell adhesion molecule [4,5]. The
last biosynthetic step of the Sd*/Cad antigen is ensured
by a glycosyltransferase named B4GALNT2 (alias
B1,4GaINACT-II or GALGT?2) that was cloned from
human colonic Caco-2 cells [6,7]. Interestingly, we
have shown that the human B4GALNT2 gene pos-
sesses two alternative first exons giving rise to two
transcripts and two potential protein isoforms one of
which displaying an unusual extended cytoplasmic tail
(CT) of 66 amino acid residues. The two predicted
B4GALNT?2 protein isoforms possess identical trans-
membrane, stem, and catalytic domains, but different N
termini. As a first step to decipher the regulatory mech-
anisms underpinning Sd*/Cad expression in the human
colon, a seminal and comprehensive study was carried
out in human cultured cells and biopsies. We recently
showed that transcriptional regulation of B4GALNT?2
was the main regulatory mechanisms underlying Sd?*/
Cad expression in the digestive tract [§]. The major
transcript variant was found to be the short transcript,
largely expressed in embryonic colonic cells
CcD841CoN, healthy colon, and stomach, and down-
regulated in these tumor tissues. Using western blotting
approaches and a commercial polyclonal antibody
directed against the common stem region of the two
isoforms, this previous study also established the pres-
ence of the two predicted B4AGALNT?2 protein isoforms
in healthy colon samples and colonic cells designated
short protein isoform (SF-B4GALNT2) and long pro-
tein isoform (LF-B4GALNT?2) and the predominantly
expressed protein was found to be the short isoform [8].

Most of the Golgi glycosyltransferases share a com-
mon topology and domain structure in eukaryotic
cells: they are type II transmembrane proteins exhibit-
ing a short CT, a unique transmembrane domain, a
stem and a catalytic domain located within the Golgi
lumen [9]. It has long been appreciated that correct
final glycosylation depends on correct localization and
organization of glycosyltransferases within the Golgi
apparatus [10-12]. Although extensively studied,
molecular mechanisms orchestrating spatial and func-
tional organization of Golgi glycosyltransferases

LF-B4GALNT2 isoform localization

remain poorly understood. It is currently accepted that
the N-terminal region encompassing the CT, the trans-
membrane, and the stem domains is responsible for
their appropriate Golgi retention [13—15] although this
region represents a highly divergent domain of glyco-
syltransferases across vertebrate evolution [16]. A few
studies have reported a potential role of glycosyltrans-
ferase CT for their specific localization to the Golgi
[17-21], intracellular trafficking dynamics [22], or to
atypical cellular localization [23].

Using confocal fluorescence microscopy approaches,
we examined the subcellular distribution of each of the
two B4GALNT?2 protein isoforms in stably transfected
LS174T colonic cells established previously [24] and
observed distinct distribution of the two isoforms. To
tackle this issue, we followed the expression of fluores-
cent protein (eGFP/mCy)-tagged isoforms of the
B4GALNT2 in transiently transfected HeLa cells,
which are cells commonly used in studies to map Golgi
enzymes distribution [25]. We report here a similar
subcellular localization of the two B4GALNT2 iso-
forms into the Golgi cisternae and most intriguingly,
an unusual subcellular distribution of the LF-
B4GALNT?2 isoform localizing to vesicle-like struc-
tures by virtue of its extended CT. Molecular deletion
analysis conducted as a first step to decipher the mech-
anism by which the LF-B4GALNT?2 is targeted to
these vesicles indicated that it is signal mediated. Our
study points to the existence of a dibasic signal essen-
tial for ER exit and of a crucial and dominant signal
for post-Golgi targeting present within the first 22
amino acid residues of the LF-B4AGALNT2 CT.

Results

Differential B4GALNT2 isoforms localization and
trafficking in LS174T colonic cells

We previously reported that the human B4GALNT?2
gene produces two protein isoforms with the same cat-
alytic domain, one of which shows an unusual
extended CT of 66 amino acid residues [7,8]. As an ini-
tial step to assess the subcellular distribution of the
two B4GALNT?2 protein isoforms, we used confocal
microscopy and an anti-B4GALNT?2 polyclonal anti-
body directed against a common domain of the stem
region in the stably transfected colon cancer LS174T
cells, expressing either the short isoform (LS174T-S2)
or the long isoform (LS174T-L21) previously estab-
lished by Malagolini et al. [24]. We previously noticed
that each stably transfected cell line drives the expres-
sion of similar levels of the two B4GALNT?2 isoform,
although the LS174T-S2 produce higher levels of Sd*
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antigen on glycoproteins compared to the LS174T-L21
[8], which could be partly due to the previously docu-
mented higher enzymatic activity of the short isoform
[24]. We show here that the two isoforms localized to
a GQGolgi-like perinuclear region in LS174T-S2 and
LS174T-L21 cells and partially colocalized with
GM130, a widely used Cis-Golgi marker [26], whereas
no B4GALNT2 isoform could be detected in the
LS174T-mock cells (Fig. 1A). Interestingly, in addition
to this Golgi-like distribution, we observed also an
unusual punctuated cytoplasmic distribution in
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LS174T-L21 suggesting the existence of an additional
localization of this long isoform (Fig. 1A). Similar dis-
tribution of the LF-B4GALNT2 was observed in the
LS174T-L20 cell line (data not shown) expressing
lower levels of the long isoform [24]. To check the
enzymatic activity of both B4GALNT?2 isoforms, we
also analyzed the production of Sd* antigen in
LS174T-S2 and LS174T-L21 cells using the anti-Sd*
monoclonal antibody KM694. Completely absent in
the LS174T-mock cells, Sd* synthesis is observed for
both B4GALNT?2 isoforms, although it appears to be

Zoom

Fig. 1. Localization of the two B4GALNT2
protein isoforms and Sd? in stably
transfected colon cancer LS174T cells. (A)
LS174T-S2, LS174T-L21, and LS174T-mock
cells [24] were fixed and labeled with rabbit
anti-B4GALNT2 antibody (green). Mouse
anti-GM130 antibody was used to mark the
Golgi complex (red). Cells were
counterstained with Alexa 488-labeled goat
anti-(rabbit 1gG) and Alexa 568-labeled goat
anti-(mouse IgG). Coverslips were analyzed
by confocal fluorescence microscopy. DAPI
was used for nuclei staining (blue). Merged
images are shown and areas of overlapping
distribution in the same optical section
appear as yellow. Zoomed pictures are
shown and white arrows highlight the
punctate distribution of LF-B4GALNT2
(green) only observed in LS174T-L21 cells.
(B) LS174T-S2, LS174T-L21, and LS174T-
mock cells were fixed and labeled with
rabbit anti-B4GALNT2 antibody (green). The
mouse anti-Sd® antibody KM694 was used
to visualize the activity of B4GALNT?2 (i.e.,
Sd? antigen) in the different cells (red). Cells
were counterstained with Alexa 488-labeled
goat anti-(rabbit IgG) and Alexa 568-labeled
goat anti-(mouse IgM) antibodies.
Coverslips were analyzed by confocal
fluorescence microscopy. DAPI was used
for nuclei staining (blue). Merged and
zoomed images are shown and areas of
overlapping distributions in the same optical
section appear as yellow. White arrows
highlight the punctate distribution of LF-
B4GALNT2 (green) in LS174T-L21 cells.
Images in both panels are representative of
two independent experiments. Scale bars:
10 um (zoom: 1 um).
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less abundant in LS174T-L21 cells than in LS174T-S2
(Fig. 1B), as previously reported [8,24].

We also conducted antibody uptake experiments to
assess the possible intracellular traffic of the
B4GALNT?2 isoforms in LS174T cells. Both types of
stably transfected LS174T cells were incubated at
37 °C for 3 h with the anti-B4GALNT2 antibody.
Cells were then washed, fixed, and permeabilized.
Antibody tracking in the various LS174T cells using
confocal microscopy and an anti-rabbit IgG Alexa 488
staining showed no anti-B4GALNT2 antibody staining
in LS174T-S2, whereas anti-BAGALNT2 antibody
staining could be detected in LS174T-L21 (Fig. 2A).
Furthermore, we observed strong colocalization at the

LF-B4GALNT2 isoform localization

LS174T-L21 cell surface of the LF-BAGALNT2 with
the B4GALNT2 product Sd* (Zoom/Merge in
Fig. 2A). We confirmed transient cell surface exposure
of the LF-B4AGALNT?2 performing cell surface biotiny-
lation. Biotin-labeled cell surface proteins were affinity
purified with streptavidin and run on SDS/PAGE.
Western blotting carried out with the anti-B4GALNT2
indicated the presence of a faint band of the expected
molecular weight for the LS174T-L21 cells, whereas
no band could be detected in the LS174T-S2 and
LS174T-mock cells (Fig. 2B). Altogether, these obser-
vations further suggest an exposure of the LF-
B4GALNT2 at the cell surface, whereas the SF-
B4GALNT?2 is retained in the Golgi apparatus.

SF-B4GALNT2

LS174T-S2 »

LF-B4AGALNT2

LS174T-L21

B Input Biotinylated prot.

Fig. 2. Trafficking of the two B4GALNT2 isoforms in stably transfected colon cancer LS174T cells. (A) Anti-BAGALNT2 antibody uptake in
LS174T-S2, LS174T-L21, and LS174T-Mock. LS174T-S2, LS174T-L21, and LS174T-mock were grown on coverslips and incubated 3 h with
the anti-B4GALNT2 antibody, fixed and processed for immunofluorescence using Alexa 488-labeled goat anti-(rabbit IgG) antibody (green). In
parallel, staining of the Sd® antigen was performed as a control, using anti-Sd® antibody KM694, followed by Alexa 568-labeled goat anti-
(mouse IgM) antibody (red). No staining for the anti-B4AGALNT2 antibody could be observed in LS174T-S2, whereas LS174T-L21 exhibited
vesicular and plasma membrane staining. Coverslips were analyzed by confocal fluorescence microscopy using the inverted Leica SP5.
Scale bars: 20 um. (B) Cell surface biotinylation experiments in LS174T-S2, LS174T-L21, and LS174T-mock. Seventy percent confluent
LS174T-mock, LS174T-S2 and LS174T-L21 cells were incubated 3 h at 37°C to allow subcellular trafficking and potential transient exposure
of the B4GALNT2 isoforms at the cell surface. Cell surface biotinylation was achieved using Sulfo-NHS-SS-Biotin as described in material
and methods. One milligram of extracted proteins was incubated overnight at 4°C with Streptavidin beads and purified proteins were run on
8% SDS/PAGE. Total BAGALNT2 (input) and cell surface B4AGALNT2 (biotinylated proteins) was visualized by western blotting using the anti-
B4GALNT2 antibody. No staining for BAGALNT2 was observed in the biotinylated fraction obtained from LS174T-S2, whereas the long
B4GALNT2 isoform was detected in the biotinylated fraction obtained from LS174T-L21
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B4GALNT2-tagged isoforms localization in HelLa
cells

To define more precisely the differential subcellular
localization of the two B4GALNT?2 isoforms, DNA
constructs were made for the production of full-length
B4GALNT2 C-terminal tagged fluorescent proteins
(Table 1). The SF-B4GALNT2 was coupled with
green fluorescent protein (eGFP), whereas the LF-
B4GALNT2 was linked to red fluorescent protein
(mCy) (Fig. 3A). HeLa cells previously shown to be
devoid of B4GALNT?2 [8], were chosen for transient
transfection of the various B4GALNT?2 constructs and
confocal microscopy observations. Each tagged full-
length B4AGALNT2 isoform was individually trans-
fected in HeLa cells. As observed in LS174T cells, a
compact perinuclear Golgi-like distribution of both
isoforms was observed and the LF-B4GALNT?2
showed an additional atypical punctate distribution
suggesting vesicle-like structures (White arrows in
Fig. 3B). Cotransfection of the two tagged
B4GALNT?2 isoforms in HeLa cells showed an almost
perfect overlap in the Golgi complex and the presence
of additional red vesicles widely distributed in the
cytoplasm containing the LF-B4GALNT2 (Fig. 30).
We also aimed to give a more quantitative evaluation
of the atypical distribution of the LF-BAGALNT2
since the Golgi morphology of LF-B4GALNT2-trans-
fected cells could appear slightly fragmented [27].
Toward this aim, we counted the total number of red
or green vesicles distinct from the Golgi region per
cell from LF-B4AGALNT2- and SF-B4GALNT2-
transfected cells from several independent experiments
and plotted in whiskers plot (Fig. 3D), as described in
the material and methods section. Further statistical
analysis revealed a highly significant (P < 0.001) differ-
ence of vesicles number in the LF-B4GALNT2- and
SF-B4GALNT?2-transfected cells (Fig. 3D).

To assess intracellular trafficking of both
B4GALNT2 isoforms, HelLa cells transiently
cotransfected with LF-B4GALNT2-mCy and SF-
B4GALNT2-eGFP were monitored by confocal
video microscopy (Videos S1 and S2). Our data
highlighted very distinct recorded vesicle numbers
(on average, 62 vesicles per LF-B4GALNT2-trans-
fected cell and 0.5 wvesicles per SF-B4GALNT2-
transfected cell) and remarkable motilities of the
LF-B4AGALNT2-mCy vesicles with an average track
length of 9 pm +8.8 and velocity of 4.1 pm-s~'. An
example of the trajectories of these vesicles, with
apparently high mobility back and forth from the
trans-Golgi toward the periphery of the cell, is illus-
trated in Fig. 4.

LF-B4GALNT2 isoform localization

Fine subcellular localization of both BAGALNT2
isoforms in transfected Hela cells

To gain insight into SF-B4AGALNT2 and LF-
B4GALNT?2 fine Golgi localization and into the nature
of the vesicles containing LF-B4GALNT2, we con-
ducted colocalization of confocal microscopy experi-
ments in transiently transfected HelLa cells using
well-described markers of the secretory pathway.
Firstly, we showed that the tagged full-length SF-
B4GALNT2 and LF-B4AGALNT2 did not colocalize
with the endoplasmic reticulum marker calnexin
(Figs 5 and 6) nor did the red LF-B4GALNT?2 vesicles
colocalize with the ER-Golgi intermediate compart-
ment (ERGIC) marker ERGIC-53 (data not shown).
We then used giantin, a cis/medial-Golgi marker local-
ized to tubular cisternal Golgi elements potentially rep-
resenting fenestrated connections between cisternal
stacks [28]. As observed previously with GM130 in
LS174T cells, both SF-B4GALNT2 and LF-
B4GALNT?2 exhibited a low degree of colocalization
with giantin further suggesting a late Golgi localization
of the two isoforms. We observed partial overlap (yel-
low arrows) of the tagged SF-B4AGALNT2 and LF-
BAGALNT?2 with the trans-Golgi marker BAGALTI
and the trans-Golgi network markers TGN46 and
TMEMI165, a recently described cation transporter
[29]. Besides its trans-Golgi localization and compared
to the SF-B4GALNT?2, the LF-B4GALNT2 showed
an obvious and distinct vesicle-like pattern (white
arrows in Fig. 6) that we aimed to further characterize.
We detected no colocalization of the LF-B4GALNT2-
containing vesicles with the endosomal marker Rabl11A
(data not shown) and very partial overlap with the early
endosomal antigen-1 marker (EEA1) and the lysosome-
associated membrane protein 2 marker (LAMP2)
(yellow arrows, Fig. 6) as assessed by analysis of the
distribution of fluorescence in vesicles using the RGB
profiler plugin (ImageJ), whereas no colocalization
could be detected for the SF-B4GALNT2 (Fig. 5).
Altogether, these data suggested that besides its pre-
dominant Golgi localization, the LF-B4GALNT?2 iso-
form also exhibits an atypical subcellular localization to
vesicles mostly distinct from Golgi apparatus, endoso-
mal, or lysosomal compartments.

The extended cytoplasmic tail of the LF-
BAGALNT2 isoform contains Golgi/vesicle-
targeting signals

We next wanted to gain insight into the mechanisms
involved into the vesicles targeting of the LF-
B4GALNT?2. Since the presence of the extended CT is
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Fig. 3. Localization of the two fluorescently tagged full-length B4GALNT2 isoforms in transfected Hela cells. (A) Schematic of the SF-
B4GALNT2-eGFP and LF-B4GALNT2-mCy reporter constructs. The full-length SF-B4GALNT2 (506 amino acids) was tagged with eGFP and
the full length LF-B4AGALNT2 (566 amino acids) was tagged with mCherry (mCy). Cytoplasmic (C), transmembrane (TM), and luminal
catalytic domains are represented giving a sense of the topology of the enzyme in the Golgi apparatus. The numbers indicate amino acids
of the CT, TM, stem, and catalytic domain of each BAGALNT2 isoform. (B) Individual transfections in Hela cells. Each tagged full-length
B4GALNT2 isoform (SF-B4GALNT2-eGFP and LF-B4GALNT2-mCy) was transfected individually in Hela cells. Analysis of their subcellular
localization by confocal microscopy as described in material and methods showed a Golgi-like distribution. Besides the compact perinuclear
localization of both isoforms, the LF-B4GALNT2 showed an atypical punctate distribution as underlined by white arrows. Images are
representative of two independent experiments. Scale bars: 10 um. (C) Cotranfections. Cotransfection of the two tagged B4GALNT2
isoforms (SF-B4GALNT2-eGFP and LF-B4GALNT2-mCy) in Hela cells showed overlap in the Golgi area, and the presence of additional red
vesicle-like structures indicated by white arrows that contain the LF-B4AGALNT2. Images are representative of two independent
experiments. Scale bars: 10 pm. (D) Quantitative assessment of the vesicles. The total number of red or green vesicles distinct from the
Golgi region was counted per cell line from 19 LF-BAGALNT2 and 17 SF-B4GALNT2 transfected Hela cells from two independent
experiments. The icy software (http://icy.bioimageanalysis.org) was used for vesicle quantitation. Numbers of vesicles were plotted in
whiskers plots where means and SEMs are depicted and statistical analysis using ANOVA test (Kruskal-Wallis nonparametric test with
selected comparison using Dunn’s post hoc test (GraPPAD PRISM 5.0 software) revealed a highly significant («««: P < 0.001) difference of

vesicles number in FL-BAGALNT2-mCy and SF-B4GALNT2-eGFP transfected cells (rappAD PRISM 5.0 software).

the only structural difference between the two iso-
forms, we used two fluorescent truncated B4GALNT2
proteins, with their entire common catalytic domain
deleted, but containing their respective CT (LF-A139-
566-B4GALNT2-mCy and SF-A79-506-B4GALNT
2-eGFP, Fig. 7A), and studied their subcellular local-
ization. HelLa cells were first transiently transfected
with each truncated protein. Figure 7B shows essen-
tially the same subcellular distribution as described for
the full-length B4AGALNT2 isoforms, in the Golgi
apparatus for both isoforms and in vesicles for the
LF-B4GALNT?2 (white arrows). Similarly, cotransfec-
tion of the two tagged LF-A139-566-B4GALNT2 and
SF-A79-506-B4AGALNT2 isoforms showed an almost
perfect overlap in the Golgi complex and the presence
of additional red wvesicles containing the LF-
B4GALNT?2 (Fig. 7C).

Next, we conducted colocalization confocal micro-
scopy experiments in transiently transfected HeLa cells
using markers of the secretory pathway, that is, cal-
nexin, giantin, TMEM165, EEA1l, and LAMP2. As
previously described for the full-length, tagged
B4GALNT?2 isoforms, the truncated isoforms showed
predominantly Golgi localization and the LF-A139-
566-B4GALNT?2 showed an additional vesicular distri-
bution distinct from Golgi, endosomes, or lysosomes
(Fig. 8A,B). Taken together, these data strongly sug-
gested a critical role of the CT of the LF-B4AGALNT2
for targeting this isoform in intracellular vesicles.

Mechanistic insights into the role of the
cytoplasmic tail of LF-B4AGALNT2

To tackle this issue, we made additional constructs
using the full-length cDNA of the human «2,3-sialyl-
transferase-1V (ST3GAL4) obtained previously [30]

fused with eGFP (ST3GAL4-eGFP) or with the
mCherry (ST3GAL4-mCy) protein at the C terminus
as illustrated in Fig. 9A (Table 1). Each construct
transiently transfected in HeLa cells had the expected
Golgi distribution and did not display any vesicle
staining (data not shown). Another construct was
made fusing the first 66 amino acid residues of the CT
of the LF-B4AGALNT?2 to the ST3GAL4 deleted of its
first eight amino acids leading to the chimeric protein
CT-B4GALNT2-ST3GAL4-mCy (Fig. 9A). The
ST3GAL4-eGFP and CT-B4GALNT2-ST3GAL4-
mCy were cotransfected in HeLa cells. Confocal
microscopy analysis not only indicated a Golgi-like
colocalization of the two chimeric proteins but also
an additional vesicular distribution of the CT-
B4GALNT2-ST3GAL4-mCy (Fig. 9B). These data
demonstrated the critical role played by the extended
CT sequence on the observed post-Golgi localization
of the LF-B4GALNT2 and strongly suggested the
presence of a molecular signal embedded in the
extended CT.

To determine which region of the CT could be
implicated and refine the amino acid sequence signal,
four deletion mutants of the full-length LF-
B4GALNT?2 coupled wiht mCherry at the C terminus
were constructed that were devoid of the first 2-22, or
23-43, or 44-64 or 23-64 amino acid residues (LF-A2-
22, LF-A23-43, LF-A44-64, LF-A23-64, Fig. 10A)
(Table 1). These constructs were then transiently trans-
fected in HeLa cells and their subcellular localization
examined using confocal fluorescence microscopy. As
shown in Fig. 10B, the subcellular localization of the
LF-A23-43, LF-A44-64, LF-A23-64 constructs is simi-
lar to the one observed for the full length LF-
B4GALNT?2 (Fig. 6). Remarkably, the LF-A2-22 con-
struct showed a diffuse distribution within the cell
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indicating that this 2-22 region is essential for Golgi
and post-Golgi targeting. Furthermore, we carried out
quantitation of the red vesicles distribution in each ser-
ies of transfected cells and observed a slight and not
significant decrease in the number of vesicles in the
LF-A23-43-, LF-A44-64-, LF-A23-64-B4AGALNT2-
transfected cells, whereas it was significantly
(P <0.001) decreased in the LF-A2-22-B4GALNT?2-
transfected cells (Fig. 10C).

Zoom

In an attempt to distinguish the ER-export signal
from the vesicle-targeting signal of the LF-
B4GALNT?2, we further dissected this amino acid
sequence contained within amino acids 2-22. Three
additional constructs were made using the full-length
LF-B4GALNT2-mCy, with deletion of the first 2-8,
9-15 or 16-22 amino acid residues (LF-A2-8, LF-A9-
15, LF-A16-22 depicted in Fig. 11A). After transfec-
tion in HelLa cells, immunofluorescence assays using
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Fig. 4. Live cell trafficking of LF-B4GALNT2-mCy in transiently transfected Hela cells. Transiently cotransfected Hela cells with LF-
B4GALNT2-mCy and SF-B4GALNT2-eGFP were monitored by confocal video-microscopy (spinning-disk confocal). To illustrate the complex
LF-B4GALNT2 trajectories, this figure shows 12 images extracted at several times from the Video S1, between t=0 s and t = 20.4 s. The
arrow indicates the same vesicle over time in each image. This vesicle leaves the trans-Golgi and goes toward the periphery of the cell,
takes contact with other immobile vesicles. This vesicle comes back toward the trans-Golgi, but does not merge. The speed of
displacement of this vesicle is nonconstant (~ 2.8 pm-s~'). The images were viewed using a thermo look-up table (LUT) highlighting
vesicles without specific thresholding.

either the ER marker anti-calnexin or the trans-Golgi
marker anti-TMEM165 demonstrated the Golgi and
vesicle localization (white arrows) of the LF-A2-8 and
LF-A16-22 constructs, whereas a perfect colocalization
of LF-A2-22 was observed with the ER marker
(Fig. 11B). However, the LF-A9-15 construct localized
to the Golgi compartment and showed no vesicular
distribution compared to the other constructs
(Fig. 11B). The total number of vesicles was counted
per cell from LF-A2-8-, LF-A9-15-, and LF-A16-22-
B4GALNT2-mCy-transfected cells and plotted in
whiskers plots and statistical analyses revealed a highly
significant (P < 0.001) reduction in vesicles number
in the LF-A9-15-B4GALNT2-mCy-transfected cells
(Fig. 11C).

Altogether, these data demonstrated that the first 22
amino acids of the CT are crucial for both ER exit
and post-Golgi  subcellular  localization. More

interestingly, our results highlight the importance of
the 9-15 heptapeptide (GKFHVEV) of the
B4GALNT?2 CT as a vesicular targeting signal.

Discussion

We have shown previously that the human
B4GALNT?2 gene is expressed primarily in the healthy
digestive tract and drives the expression of two major
transcripts encoding two protein isoforms, the so-
called short and long B4AGALNT?2 isoforms responsi-
ble for the synthesis of Sd*/Cad antigen [1,6-8]. Pre-
liminary human evolutionary genomics analysis
indicated the occurrence of a human-specific genetic
change in the B4GALNT2 gene that gave rise to the
long transcript variant as a result of the use of a new
alternative first exon. The very unusual feature of the
resulting long B4GALNT2 protein isoform is its

Fig. 5. Intracellular colocalization of full-length SF-BAGALNT2-eGFP with subcellular markers calnexin, giantin, TGN46, TMEM165, B4GALT1,
EEA1, and LAMP2, in transiently transfected Hela cells. Subcellular localization of short B4GALNT2 isoform (green) was examined and
compared to the pattern of the different markers (red) by confocal microscopy. SF-BAGALNT2-eGFP mostly colocalized with trans-Golgi
markers. Right panels show the intensity profiles of SF-B4AGALNT2 (green) and of the each marker (red) in selected vesicles using the RGB
profiler plugin (Image J). Images are representative of two independent experiments. Scale bars: 10 um.
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Fig. 6. Intracellular colocalization of full length LF-B4GALNT2-mCy with subcellular markers calnexin, giantin, TGN46, TMEM165, B4GALT1,
EEA1, and LAMP2 in transiently transfected Hela cells. Subcellular localization of the long BAGALNT2 isoform (red) was examined and
compared to the pattern of the different markers (green) by confocal microscopy. LF-B4GALNT2-mCy mostly colocalized with trans-Golgi
markers and showed a vesicle-like distribution indicated by white arrows in the zoomed picture. In addition, LF-B4AGALNT2-mCy showed
also a very partial overlap with the different TGN/endosomal/lysosomal markers used (yellow arrows). Right panels show the intensity
profiles of LF-B4GALNT2 (red) and of the each marker (green) in selected vesicles using the RGB profiler plugin (Image J). Images are
representative of two independent experiments. Scale bars: 10 um.

3452 The FEBS Journal 285 (2018) 3442-3463 © 2018 The Authors. The FEBS Journal published by John Wiley & Sons Ltd on behalf of
Federation of European Biochemical Societies.



S. Groux-Degroote et al. LF-B4GALNT2 isoform localization

A Cytoplasmic Luminal Domain
1630 79 .
' |:| SF-A79-506 B4GALNT2-eGFP
‘m\ | mCy LF-A139-566 BAGALNT2-mCy
1 86 90 139 !

B SF-A79-506
B4GALNT2-eGFP

LF-A139-566

c SF-A79-506
B4GALNT2-eGFP

LF-A139-566

B4GALNT2-m CI

Fig. 7. Localization of the two fluorescently tagged truncated BAGALNT2 isoforms in transfected Hela cells. (A) Schematic of the truncated
SF-BAGALNT2-eGFP and LF-BAGALNT2-mCy reporter constructs. The SF-A79-506-B4GALNT2 (79 amino acids) was tagged with eGFP and
the LF-A139-666-B4GALNT2 (139 amino acids) was tagged with mCherry (mCy). The numbers indicate amino acids of the cytoplasmic,
transmembrane, and stem domains (black numbers) and of the deleted catalytic domain (gray numbers) of each B4AGALNT2 isoform. (B)
Individual transfections. Each tagged truncated BAGALNT2 isoform deleted of the catalytic domain (SF-A79-506-B4GALNT2-eGFP and LF-
A139-566-B4GALNT2-mCy) was transfected individually in Hela cells. Analysis of their subcellular localization by confocal microscopy
showed a Golgi-like distribution. Besides the compact perinuclear localization of both isoforms, the LF-A139-566-B4GALNT2 showed an
atypical punctate distribution as described for the full-length LF-B4AGALNT2 as underlined by white arrows in the zoomed picture. (C)
Cotranfections of the two tagged truncated BAGALNT2 isoforms (SF-A79-506-B4GALNT2-eGFP and LF-A139-566-B4GALNT2-mCy) in Hela
cells showed overlap in the Golgi area, and the presence of additional red vesicle-like structures that contain the LF-B4GALNT?2 indicated by
white arrows in the zoomed picture. Images are representative of two independent experiments. Scale bars: 10 pm.

extraordinarily long CT of 66 amino acid residues,
whereas the short BAGALNT?2 isoform presents a six-
amino acid CT comparable to that of the previously
described mouse ortholog [31]. The transmembrane
and catalytic domains remain identical for the two iso-
forms. Using confocal fluorescence microscopy
approaches, we examined the subcellular distribution
of the two B4GALNT2 isoforms in the stably

transfected LS174T [24] and of eGFP/mCherry-tagged
isoforms of B4GALNT2 in transiently transfected
HeLa cells. This analysis of the subcellular localization
demonstrated a similar subcellular distribution of the
two isoforms in the Golgi apparatus. The two
B4GALNT?2 isoforms are found across the trans-Golgi
cisternae of the Golgi apparatus to the TGN (Figs 5
and 6), similarly to the previously described late acting
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isoforms deleted of their catalytic domain using

immunofluorescence. Constructions of the short and long B4GALNT2 isoforms deleted of the catalytic domain, that is, SF-A79-506-
B4GALNT2 and LF-A139-5666-B4GALNT2 were tagged with eGFP or mCy at the C terminus, respectively. Intracellular colocalization studies
of SF-A79-506-B4GALNT2 (A) and LF-A139-566-B4GALNT2 (B) with subcellular markers calnexin, giantin, TGN46, TMEM165, B4GALT1,
EEA1, LAMP2 were conducted in transiently transfected Hela cells. Zoomed pictures of the merged images: SF-A79-506-B4GALNT2-eGFP

(green)/marker (red) (A), and LF-A139-566-B4GALNT2-mCy (red)/marker (green) (B), are presented. Images are representative of two

independent experiments. Scale bars: 10 um.

B4GALTI and ST6Gal I enzymes [32,33]. Intriguingly,
in addition to this Golgi distribution, the long isoform
localizes to vesicles distributed in the cytoplasm.

The eukaryotic glycosyltransferases located in the
Golgi are type II proteins with a usually short cyto-
plasmic (C) tail, a unique transmembrane (T) domain,
a stem (S) region highly variable in length, and a large
catalytic domain oriented within the Golgi lumen. To
date, molecular mechanisms and signals underpinning
the subcellular distribution and Golgi

3454

compartmentalization of glycosyltransferases appear to
be multifactorial and are still poorly understood
[12,34,35]. As reviewed previously [36], numerous stud-
ies have highlighted the crucial role of the CTS
domain for the correct orchestration of Golgi glycosy-
lation steps. In the nineties, two models have been pro-
posed to explain Golgi localization and retention of
glycosyltransferases, although none of them is entirely
satisfactory: (a) the lipid bilayer thickness model
depending on the length and hydrophobicity of the
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Fig. 9. Fluorescence microscopy with chimeric ST3GAL4/CT-BAGALNT2. (A) Schematic illustration of various constructs. Constructs were
made with mCherry at the C terminus of the full-length BAGALNT2 (LF-B4GALNT2-mCy) and of the B4GALNT2 cytoplasmic tail/CT-deleted
ST3GAL4 (CT-B4GALNT2-ST3GAL4-mCy) chimeric protein and eGFP was added at the C terminus of the full-length ST3GAL4 (ST3GAL4-
eGFP). (B) Distribution of chimeric constructs within transfected Hela cells. Fluorescently tagged constructs ST3GAL4-eGFP and CT-
B4GALNT2-ST3GAL4-mCy were transiently cotransfected in Hela cells. Subcellular localization of the various isoforms was examined by
confocal microscopy. White arrows in the zoomed image indicate the vesicle distribution of the chimeric CT-B4GALNT2-ST3GAL4-mCy
construct. Images are representative of two independent experiments. Scale bars: 10 um.

transmembrane domain and the thickness of the Golgi
membrane [37,38] and (b) the oligomerization or kin
recognition model that assumes the formation of gly-
cosyltransferase homo- or hetero-oligomers through
disulfide bridges when they reach the correct Golgi
compartment [39,40]. Our data in Fig. 7, using both
B4GALNT?2 isoforms deleted of their entire catalytic
domain (SF A79-506-eGFP and LF A139-566-mCy)
clearly indicate that the catalytic domain is not an
important parameter for the Golgi localization of the
two B4GALNT?2 isoforms, as previously reported for
the bovine B4AGALT] [41]. These observations are con-
sistent with a model in which the bilayer thickness
plays a major role. However, hydropathy analysis of
the human B4GALNT?2 potential membrane spanning
region and conservation analysis reveals that this 23-
amino acid hydrophobic domain is not highly con-
served in other B4GALNT2 orthologs (data not
shown). This sequence heterogeneity further suggests
that physical properties like length and hydrophobicity
and/or additional features functioning in a combinato-
rial manner could be involved in the frans-Golgi tar-
geting of the two human isoforms. Interestingly, our
data shown in Figs 10 and 11 evidenced the existence
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of additional strong signals in the long BAGALNT?2
isoform CT, since deletion of the first 2-22 amino acid
residues abrogates Golgi targeting. Similar observa-
tions have been made in the past that the CT of the
Golgi resident enzymes ol,3-galactosyltransferase and
al,2-fucosyltransferase could be sufficient to confer
their specific Golgi localization [17,18].

Our confocal microscopy studies conducted with
cells expressing each B4GALNT?2 isoform and tran-
siently transfected cells provided compelling evidences
of an atypical subcellular localization of the long
B4GALNT?2 isoform. Beside its expected rans-Golgi
and TGN targeting, the long isoform localizes in a
vesicle population distinct from Golgi, endosomal, or
lysosomal compartments that was not reported previ-
ously for a glycosyltransferase (Fig. 6). Such an unu-
sual cellular localization of glycosyltransferases at
post-Golgi sites including the plasma membrane has
been rarely described before and remains a controver-
sial issue. A few examples include the B1,4-galactosyl-
transferase 1 (B4GALT1), which also exists in short
and long isoforms diverging in their N-terminal region
with a cell surface expression and no vesicles localiza-
tion [42,43], an oal,2-fucosyltransferase (FUT1) [23]
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Fig. 10. Fluorescence microscopy with large deletion mutants of the long BAGALNT2 cytoplasmic tail. (A) Schematic illustration of various
cytoplasmic tail deletion mutants. Chimeric constructs were made with mCherry (mCy) at the C terminus of the full-length BAGALNT2. LF-
B4GALNT2 was deleted of the first third of its cytoplasmic tail (LF-A2-22), or second third (LF-A23-43), or of the third third (LF-A44-64), or of
the two last thirds of its cytoplasmic tail (LF-A23-64). (B) Subcellular localization of cytoplasmic tail deletion mutants of the long B4GALNT2
isoform. Fluorescently tagged deletion constructs of the long BAGALNT2-mCy isoform LF-A2-22, LF-A23-43, LF-A44-64, and LF-A23-64 were
transiently expressed in Hela cells. Subcellular localization of the various isoforms was examined by confocal microscopy. A zoom is
inserted where white arrows indicate the vesicle distribution of the construct. Images are representative of three independent experiments.
Scale bars: 10 um. (C) Quantification of vesicles in Hela cells transiently transfected with the cytoplasmic tail deletion mutants (LF-A2-22,
LF-A23-43, LF-A44-64, and LF-A23-64) of the long B4GALNT2 isoform. The total number of red vesicles distinct from the Golgi region was
counted per cell from 19 LF-B4GALNT2-mCy cells, 17 FL-A2-22-B4GALNT2-mCy cells, 17 FL-A23-43-BAGALNT2-mCy cells, 16 FL-A44-64-
B4GALNT2-mCy cells, and in 11 FL-A23-64-B4GALNT2-mCy cells from two independent experiments. The icy software (http://icy.bioimagea
nalysis.org) was used for vesicle quantitation. The number of vesicles was plotted in whiskers plots where means and SEMs are depicted.
No significant variations (ns) in the number of vesicles was observed for the various mutants, except the FL-A2-22-B4AGALNT2-mCy mutant
(P < 0.001), as assessed by the Kruskal-Wallis nonparametric test with selected comparison using Dunn’s post hoc test (GrRaPPAD PRISM 5.0
software).

and an al,3-fucosyltransferase (FUT6) localizing in
Weibel-Palade bodies of human endothelial cells [44].
In this study, we also examined the dynamic intracellu-
lar transport of both B4GALNT2 isoforms using
video-microscopy (Videos S1 and S2). The trajectory
of the same vesicle containing LF-B4GALNT2 was
followed overtime in living cells and indicated that this

vesicle originated from the Golgi apparatus, went
toward the periphery of the cell and came very close
to another immobile vesicle (Fig. 4). This vesicle
appeared to come back toward the Golgi apparatus,
but did not merge further, supporting previous
observations made in LS174T-L21. Our data also
demonstrated specific kinetics and fate for the LF-
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Fig. 11. Fluorescence microscopy with small deletion mutants in the 2-22 region of the long B4AGALNT2 cytoplasmic tail. (A) Schematic
illustration of various cytoplasmic tail deletion mutants. Three additional constructs deleted in the 2-22 region of the LF-A2-22 (full-length C-
terminal mCy-tagged B4GALNT2 deleted of the first third of its cytoplasmic tail) were made: the LF-A2-8, LF-A9-15, and the LF-A16-22. (B)
Subcellular localization of cytoplasmic tail deletion mutants of the long B4GALNT2 isoform. Fluorescent tagged deletion constructs of the
long B4GALNT2-mCy isoform, that is, LF-A2-22, LF-A2-8, LF-A9-15, and LF-A16-22 were transiently expressed in Hela cells and
immunolocalized by confocal microscopy. Cells were colabeled with anti-TMEM165 (trans-Golgi marker, red) or with anti-calnexin antibody
(ER marker, green), and zoomed merged images are presented. Images are representative of two independent experiments. Scale bars:
10 um. (C) Quantification of vesicles in Hela cells transiently transfected with the cytoplasmic tail deletion mutants LF-A2-22, LF-A2-8, LF-
A9-15, and LF-A16-22 of the long BAGALNT2-mCy isoform. The total number of red vesicles distinct from the Golgi region was counted per
cell from 21 FL-A2-8-B4GALNT2-mCy cells, 19 FL-A9-15-B4GALNT2-mCy cells, and 16 FL-A16-22-B4AGALNT2-mCy cells from two
independent experiments. The icy software (http://icy.bioimageanalysis.org) was used for vesicles quantitation. The number of vesicles were
plotted in whiskers plots where means and SEMs are depicted. No significant variations (ns) in the number of vesicles was observed for
the various mutants, except the FL-A9-15-B4GALNT2-mCy mutant (P < 0.001), as assessed by the Kruskal-Wallis nonparametric test with
selected comparison using Dunn’s post hoc test (GrRapPAD PRISM 5.0 software).

B4GALNT?2 isoform containing vesicles indicating that surface. Furthermore, antibody uptake experiment evi-
their trafficking within the cell is not the result of sim- denced a particular traffic of the long isoform with
ple bulk flow of Golgi-derived vesicles to the cell transient exposure at the cell surface strongly
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suggesting that the long isoform follows a novel Golgi
to plasma membrane transport pathway in living cells.
Biotinylation of cell surface proteins and subsequent
WB analysis of streptavidin purified proteins corrobo-
rated these findings. Indeed, to our knowledge, this is
the first report of a post-Golgi localization of terminal
glycosyltransferase in dynamic vesicles. In the light of
these data, it is tempting to speculate that the long
B4GALNT?2 isoform could be implicated in the traf-
ficking of cell surface proteins and plays a determinant
role in the regulation of terminal glycosylation steps,
which remains to be established.

Our study provides also essential mechanistic
insights into the targeting process of the long
B4GALNT?2 isoform to the trans-Golgi and post-Golgi
vesicles. While the CTS domain of most glycosyltrans-
ferases (including SF-B4GALNT?2) is sufficient for
their Golgi targeting, our deletion studies in the CT of
the LF-B4GALNT?2 isoform indicate the presence in
the 2-22 region of strong and critical signals that are
determinant for Golgi and vesicles localization
(Figs 10 and 11), although no binding motif for adap-
tor proteins could be detected [45]. Deletion of the
23-64 region of the CT does not perturb the Golgi/
vesicles targeting indicating low impact of other
requirements such as context or distance from the TM.
However, further dissection of the amino acid
sequence contained within the 2-22 peptide of the LF-
B4GALNT2 CT lead us to distinguish the ER-export
signal from the vesicle targeting signal. Previous
studies have reported the existence of a dibasic motif
[K/R] X [K/R] in the CT of some Golgi glycosyl-
transferases that facilitates ER exit to Golgi through
direct interaction with the small GTPase Sarl [46—
49]. Interestingly, we noted the presence of an RGR
motif at positions 18-20 in the LF-B4GALNT2 CT
that is absent in the LF-A2-22-B4GALNT?2, which
could explain ER retention of this construct. Fur-
thermore, we highlighted the existence of a major
signal at position 9-15 in the CT of the LF-
B4GALNT?2 that is critical for vesicles targeting and
post-Golgi trafficking. This signal is strong enough
to override the absence of the ER exit signal in the
LF-A16-22-BAGALNT?2 and directs this construct to
the Golgi and post-Golgi compartments. In sum-
mary, we describe in this study an unusual post-
Golgi targeting of a human Golgi glycosyltransferase
and determine the essential signals involved. This
further suggests additional function (s) of the LF-
B4GALNT?2 and likely another level of regulation of
Sd*/Cad expression in human tissues that remains to
be determined.
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Materials and methods

Plasmids of human long and short B4AGALNT2
isoforms for the expression of chimeric
fluorescent proteins

Full-length BAGALNT2 constructs (GenBank accession
numbers AJ517770 and AJ517771) were obtained in our
laboratory from plasmids described previously [7]. The
GFP expression vector pFx was a kind gift of Dr Jack
Rohrer (University of Ziirich) and expression vectors
pEGFP-N1 and pmCherry-N1 were from Clontech. For
GFP fusion, full-length or truncated SF-B4AGALNT2 PCR
products were amplified using oligonucleotide primers con-
taining Nhel-Bg/ll restriction sites for directed ligation in
Nhel-Bglll digested pFx vector (Table 1). Similarly, for
mCherry and GFP fusions, full-length or truncated LF-
B4GALNT2 were constructed using PCR in pmCherry-N1
or pEGFP-NI1 vectors using Nhel-BamH] restriction sites
(Table 1). To obtain all the combination of fusion con-
structs, SF and LF exchange fragments were carried out
using Nhel and the internal BAGALNT2 BspEl restriction
sites [located at 1078 bp in AJ517770 (LF) and at 860 bp
in AJ517771 (SF)]. Full-length cDNA of the human o2,3-
sialyltransferase-1V (ST3GAL4) was obtained previously
[30] and fused with eGFP (ST3GAL4-eGFP) or mCherry
(ST3GAL4-mCy) sequence. Deletion mutations A2-22,
A23-43, Ad4-64, A23-64, A2-8, A9-15, and A16-22 were
introduced in the CT of the pmCherry-LF-B4AGALNT2
plasmid using two PCR reactions with primer pairs con-
taining a Bsal site and PCR products (PCR1 and PCR2 in
Table 1) were recombined by Bsal digestion/Ligation.
Finally, each fragment was digested with Nhel and BsmBI
and the wild-type Nhel- BsmBI fragment in pmCherry-LF-
B4GALNT2 was exchanged with the deleted Nhel-BsmBI
fragment. The BsmBI restriction site is located at 426 bp in
AJ517770 (LF-BAGALNT?2) and at 208 bp in AJ517771
(SF-B4GALNT?2). To construct fusion of the first 66 amino
acid residues of the CT of the LF-B4GALNT2 (CT-
B4GALNT2) to the ST3GAL4 deleted of its first eight
amino acids leading to the chimeric protein CT-
B4GALNT2-ST3GAL4-mCy, a similar strategy of deletion
mutation construction was used (PCR1 and PCR2 joined
by Bsal/ligation reaction (Table 1), the exchanged frag-
ment in pmCherry-ST3GAL4 was Ndel-BsmBI. All con-
entirely sequenced (GATC Biotech,
Konstanz, Germany).

structions were

Cell culture, transfections and western blotting

Cell lines were from ATCC (LGC Standards SARL, Mol-
sheim, France), and stably transfected LS174T (LS174T-S2
expressing the short B4GALNT2 isoform, LS174T-L21
expressing the long B4GALNT2 isoform, LS174T-mock
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transfected with empty pcDNA3 vector) were previously
described [24]. Human colon carcinoma cells LS174T were
cultured in Eagle’s minimal essential medium (EMEM)
with 2 mm L-glutamine supplemented with 10% or 20%
FBS. HeLa cells were cultured in Dulbecco’s modified
eagle’s medium (DMEM) supplemented with 10% FBS
(Life technologies, Carlsbad, CA, USA) and 20 mm
L-glutamine. The cells were maintained at 37 °C under
humid atmosphere and 5% CO..

HeLa cells grown on Petri dishes were transiently trans-
fected with the different constructs (Table 1) using Lipofec-
tamine 2000 (Thermo Fisher Scientific Bioscience, Villebon-
sur-Yvette, France). We set up transfection conditions
using various amount of plasmids ranging from 0.5 to 5 ug
and finally choose to use the lowest amount of plasmid as
possible (i.e., 0.5 pg). Proteins extraction from LS174T-
mock cells, LS174T-S2, LS174T-L21, or transiently trans-
fected HeLa cells was achieved as previously described [8].
Protein concentration was determined with the Micro BCA
Protein Assay Reagent kit (Biorad, Marnes-la-coquette,
France). Four to 25 ug of total protein extract were boiled
for 5 min in Laemmli sample buffer with 2.5% f-2-mercap-
toethanol (Sigma Aldrich, Saint Louis, MO, USA) and
resolved by 8% SDS/PAGE. Proteins were transferred onto
a nitrocellulose membrane (200 mA, 2 h). Detection of
B4GALNT2 was achieved with anti-B4GALNT2 (rabbit
polyclonal antibody, Cat. HPAO015721-100ul, lot#A74836,
Sigma Aldrich) as already described [8].

Indirect Immunofluorescences and antibodies

Twenty-four hours after seeding on glass coverslips, HeLa
cells were transiently transfected with the different con-
structs (Table 1) using Lipofectamine 2000 (Thermo Fisher
Scientific Bioscience). Similarly, LS174T-S2, LS174T-L21,
and LS174T-mock cells were grown on glass coverslips,
fixed and processed for fluorescence microscopy. Twenty-
four hours after transfection, cells were washed twice with
PBS, fixed either with 4% paraformaldehyde (PAF) in PBS
for 20 min at room temperature (RT) or with ice cold
methanol for 10 min. Coverslips were washed three times
with PBS. After a permeabilization step of 30 min at RT in
PBS containing 0.5% of Triton X100, cells were washed
two times with PBS and incubated in blocking solution
(PBS containing 0.2% (w/v) BSA) during 1 h. Cells were
incubated overnight at 4 °C in humid chambers with pri-
mary antibodies diluted in blocking solution. After three
washing steps, cells were incubated 1 h in dark at RT with
secondary antibodies diluted in blocking solution. Finally,
cells were washed three times in PBS and coverslips were
mounted using Dako fluorescent mounting medium for
observation using fluorescent confocal microscopy.

For immunofluorescence assays, primary antibodies anti-
B4GALT1 (mAb GT2/36/118, Enzo Life Sciences, Villeur-
banne, France), anti-TGN46 (rabbit pAb, Cat AHP1586,

LF-B4GALNT2 isoform localization

lot#170114, Biorad AbD serotech GmbH, Bio-Rad AbD
Serotec Ltd., Oxon, UK), anti-EEA1 (mAb Cat. 610456,
1ot#4087703, Becton Dickinson, Le Pont-de-Claix, France),
anti-LAMP2 (mAbD, cat. Sc-18822, clone H4B4, lot#C2613,
Santa Cruz Biotechnologies Inc., Heidelberg, Germany),
anti-TMEM165 (pAb, Cat. HPA038299, lot#A 78664, Sigma
Aldrich), anti-GM130 (mAb, Cat. 610822, lot#5072921,
Becton Dickinson), anti-Rabl11 (rabbit mAb clone 3H18L5,
700184, lot #756772B, Thermo Fisher Scientific Bioscience),
and anti-ERGIC-53 (mouse mAb, ref ALX-804-602-C100,
clone G1/93, Enzo-lot : 1L26372) were diluted at 1/100°, anti-
giantin (rabbit pAb, Cat PRB144C, Covance, Rucil-Malmai-
son, France) was diluted at 1/150° and anti-calnexin (pAb,
Cat. ADI-SPA-860-F, lot#12301304, ENZO Life Sciences)
was diluted at 1/250°. Secondary antibodies, Alexafluor® 488
and Alexafluor® 568 anti-mouse or -rabbit IgG (H+L) were
from Life Technologies/Molecular Probes and diluted at 1/
600° in blocking buffer. After three washing with PBS, cover-
slips were mounted on glass slides with Mowiol.

Confocal microscopy, quantitation and
trajectories of vesicles analyses

Sublocalization’s studies of the fluorescent proteins and
immunostaining were achieved either with an inverted
Leica SP5 (Mannheim, Germany), or an inverted Zeiss
LSM780 (Oberkochen, Germany) or an inverted Zeiss
LSM700 confocal microscope with a 40x or 63x oil
immersion objectives. The eGFP protein and the Alexaflu-
or® 488 were visualized using the argon laser with an exci-
tation at 488 nm and an emission range between 500 and
560 nm. The red fluorophores were visualized using the
supercontinuum laser source (NKT, Cologne, Germany)
with two different settings, the mCherry was excited at
590 nm and the Alexafluor® 568 was excited at 568 nm,
the emission ranges were respectively between 610-700 nm
and 578-700 nm. Data were collected using LAS AF LITE
software (Leica) or using zEN PrO 2.1 software (Zeiss) and
analyzed with Fui1-win32 [50] and 1cY FREE software.

For quantitation of vesicles, the 1cy software (http://icy.b
ioimageanalysis.org) was used. First, the entire cells were
individually delimited by drawing polygonal area and
masking the perinuclear Golgi region (Golgi and Golgi-
associated vesicles defined by colocalization data) by
regions of interest (ROIs) to keep only the region of inter-
est containing distinct vesicles. Then, the vesicles per cell
were detected using the plugin ‘spot detector’ with three
scales to determine the spot’s size and the sensitivity of
detection for each size: scale 2 corresponding to an object
size of 3 pixels at 25% of sensitivity, scale 3 (7 pixels) at
90%, and scale 4 (13 pixels) at 90% of sensitivity. Parame-
ters of ROIs detection were adapted to the stably trans-
fected LS174T cells (LS174T-L21) and to the transiently
transfected HeLa cells. For these latter, 10-20 cells were
counted to establish the average number of vesicles per cell
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and for each construct. Since no Golgi compartment could
be detected in the FL-A2-22-B4GALNT2-mCy transfected
HeLa cells (Figs 9 and 10), we considered the whole cell
for vesicle counting. Data were plotted as whiskers plots
and statistical analyses were performed using GRAPHPAD
prisM 5.0 software, GraphPad Software Inc., La Jolla, CA,
USA) and were compared using a nonparametric Kruskal—
Wallis test followed by Dunn’s comparison post-test.
Values were considered significantly different (*) with
P < 0.05 (+++: P <0.001). The 1cy software with spot detec-
tor and spottracking modules (A. Dufour, Institut Pasteur
Paris) was used for the analysis of LF-B4AGALNT?2 vesicles
trajectories.

Antibody uptake and cell surface biotinylation
experiments

LS174T-mock cells, LS174T-S2 and LS174T-L21 cells were
grown until 70% of confluence on glass coverslips and
washed four times with PBS. Cells were incubated for 3 h
at 37 °C with 20 pg-mL™" anti-B4GALNT2 antibody or
anti-HA  antibody in containing
10 pgmL ™! leupeptin. Cells were washed five times with
ice-cold PBS, and fixed with ice-cold methanol for 10 min.
Cells on coverslips were then incubated overnight at 4 °C
in humid chambers with anti-Sd* primary antibody diluted
1 : 500 in blocking solution. Coverslips were then washed
three times with PBS and labeled at RT in dark for 1 h
with Alexafluor® 488-conjugated goat anti-(rabbit IgG)
and Alexafluor® 568-conjugated goat anti-(mouse IgM)
antibody diluted 1 : 600 in blocking solution. After three
washings with PBS, coverslips were mounted on glass
slides with Mowiol, and both B4GALNT?2 antibody signal
and Sd® antigen expression were studied by confocal
microscopy.

Seventy % confluent LS174T-mock cells, LS174T-S2
and LS174T-L21 cells were plated and washed four times
with Dulbecco PBS (DPBS, pHS8). Biotinylation was
achieved essentially as described before [51] using Sulfo-
NHS-SS-Biotin (Biotin: EZ link, Life Technologies). Cells
were incubated 3 h at 37 °C to allow subcellular traffick-
ing and potential transient exposure of the B4GALNT2
isoforms at the cell surface and then washed three times
in DPBS. One milligram of extracted proteins was incu-
bated overnight at 4 °C with streptavidin beads (EMD
Milipore Corp, Billerica, MA, USA). Purified proteins
were run on 8% SDS/PAGE as mentioned above.

control medium

Video-microscopy and dynamics analyses

Confocal acquisitions were performed with spinning-disk
confocal system (Yokogawa CSU-X1, Tokyo, Japan)
adapted on a Leica DMI6000B inverted microscope with
diode laser source emitting at a wavelength of 488 nm and
514 nm and EM-CCD camera (Li?*CAM MD) with pixel

S. Groux-Degroote et al.

size of 10.3 um?. Cells were imaged using a 63X oil immer-
sion objective (Leica HCX Plan Apo NA 1.4). Emitted flu-
orescence was then successively routed by a dichroic mirror
(Semrock Di01-T405/488/568/647) and spectrally filtered
(Chroma, HQ545/306). Final size of pixel image 0.21 pm x
0.21 pm was obtained. We have made acquisitions for
transfected cells either with LF-BAGALNT2-mCy or with
two transfections, SF-B4GALNT2-eGFP and LF-
B4GALNT2-mCy. The time acquisition per image was
25 ms. Stacks of four optical sections, with 100 ms by stack
were made. For acquisition with two channels, we alter-
nated the stack by channel. Videos are constituted by 601
images for a total of 30 seconds.
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LF-B4GALNT2 isoform localization

Video S1. Dynamics of vesicles containing the long
and the short isoforms, respectively.
Video S2. Dynamics of vesicles containing the long
and the short isoforms, respectively.
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