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BRIEF REPORT

Calcium-binding Cab45 regulates the polarized
apical secretion of soluble proteins in epithelial

cells

Dandan Liu®*t, Simona Paladino®®, Chiara Zurzolo®2+*, and Stéphanie Lebreton®2+*

aUnité de Trafic Membranaire et Pathogeneése, Institut Pasteur, 75015 Paris, France; bDepar‘cment of Molecular

Medicine and Medical Biotechnology, University of Naples Federico Il, 80131 Naples, Italy

ABSTRACT Protein secretion is essential for epithelial tissue homoeostasis and therefore has
to be tightly regulated. However, while the mechanisms regulating polarized protein sorting
and trafficking have been widely studied in the past decade, those governing polarized se-
cretion remain elusive. The calcium manganese pump SPCA1 and the calcium-binding protein
Cab45 were recently shown to regulate the secretion of a subset of soluble cargoes in non-
polarized Hela cells. Interestingly, we demonstrated that in polarized epithelial cells calcium
levels in the trans-Golgi network (TGN), controlled by SPCA1, and Cab45 are critical for the
apical sorting of glycosylphosphatidylinositol-anchored proteins (GPI-APs), a class of integral
membrane proteins containing a soluble protein attached to the membrane by the GPI an-
chor, prompting us to investigate the mechanism regulating the polarized secretion of solu-
ble cargoes. By reducing Cab45 expression level or overexpressing an inactive mutant of
SPCA1, we found that Cab45 and calcium levels in the TGN drive the polarized apical secre-
tion of a secretory form of placental alkaline phosphatase, exogenously expressed, and the
endogenous soluble protein clusterin/Gp80 in Madin-Darby canine kidney (MDCK) cells.
These data highlight the critical role of a calcium-dependent Cab45 mechanism regulating
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apical exocytosis in polarized MDCK cells.

INTRODUCTION

Polarity of epithelial cells is essential for proper cellular functions
and is often challenged in human diseases (Wilson, 1997; Mellman
and Nelson, 2008). Polarized epithelial cells constitute a protective
barrier but also serve as exchange interfaces. This paradigm results
from their asymmetrical plasma membrane, which is physically sepa-
rated by the apical junctional complexes into apical and basolateral
domains that differ in protein and lipid composition and in functions

(Yeaman et al., 1999; Mostov et al., 2003; Mostov, 2003; Rodriguez-
Boulan et al., 2005; Rodriguez-Boulan and Macara, 2014; Mellman
and Nelson, 2008; Eaton and Martin-Belmonte, 2014). Therefore,
with respect to other cell types, epithelial cells need to properly sort
proteins and lipids to the two surface domains in order to exert their
functions. Epithelial cell polarity relies on a tight regulated polarized
intracellular protein trafficking, secretion, recycling, and endocytosis
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rescent protein; GM130, 130 kDa cis Golgi matrix protein; Gp80, glycoprotein 80/
clusterin; GPI-APs, glycosylphosphatidylinositolanchored; GPI, glycosyl phosphatidyl
inositol; HPMR, hyperphosphatasia mental retardation syndrome; IF, immunofluores-
cence; IP, immunoprecipitation proteins; KDEL, Lys-Asp-Glu-Leu; KRB, modified
Krebs-Ringer buffer; LyzC, Lysozyme C; MDCK, Madin-Darby canine kidney; mRNA,
messenger RNA; PLAP-sec, secretory form of PLAP; PLAP, placental alkaline phospha-
tase; SDS-PAGE, sodium dodecy! sulfate polyacrylamide gel electrophoresis; SDS,
sodium dodecyl sulfate; ShRNA, short hairpin RNA; SPCA1, secretory pathway Ca 2*
-ATPase pump type 1; TGN, trans Golgi network; WB, western blot; Wnt, wingless/int
conserved family of secreted proteins; Wnt11, Wnt family member 11; WT, wild-type.
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(Mostov et al., 2003; Rodriguez-Boulan et al., 2005; Mellman and
Nelson, 2008; Cao et al., 2012; Lebreton et al., 2018). Roughly one-
third of all human proteins are following the conventional secretory
pathway and are sorted at the level of the Golgi apparatus, the main
sorting hub in cells, before reaching their final destination. The
Golgi complex exhibits the capacity to handle membrane fluxes
from both the secretory and the endocytic pathways but also to sort
cargoes diverse in topology and size such as transmembrane pro-
teins, glycosylphosphatidylinositol-anchored proteins (GPI-APs),
and soluble proteins (Cao et al., 2012; Zurzolo and Simons, 2015;
Ortega and Welling, 2018; Lebreton et al., 2019).

Transmembrane protein sorting relies on the specific recognition
of signals decrypted by the cellular machinery. These signals either
can be found in the primary sequence and/or can be a posttransla-
tional modification such as glycosylation for instance (Ortega and
Welling, 2018). Regarding GPI-APs, it was shown that clustering in
Golgi relying on cholesterol levels regulates their apical sorting, and
this in turn affects their organization at the apical surface and their
biological activities (Paladino et al., 2014, Lebreton et al., 2018).
More recently, we demonstrated that calcium ions, the transmem-
brane calcium/manganese pump, secretory pathway Ca?-ATPase
pump type 1 (SPCA1), and a Golgi resident calcium-binding protein,
Cab45, are key players of the cellular machinery regulating the api-
cal sorting of GPI-APs (Lebreton et al., 2021) without affecting traf-
ficking of basolateral GPI-APs and of transmembrane proteins.

However, our knowledge regarding the mechanisms regulating
the apical sorting of soluble cargoes in polarized epithelial cells is
limited and more fragmented.

Secretion of soluble protein, depending on cell types, occurs
through the constitutive or regulated secretory pathways. In the first
case, proteins are secreted as fast as they are synthesized: after Golgi
sorting they are incorporated into secretory vesicles that through fu-
sion with the plasma membrane release their contents by exocytosis.

In secretory cells such as neurons and endocrine cells, protein
exocytosis is governed by the storage of newly synthesized proteins
in intracellular vesicles, named secretory storage granules, that re-
lease their content into the extracellular space only upon specific
extracellular stimuli (Kelly, 1985; Nickel and Rabouille, 2009; Pompa
et al., 2017). Several studies showed that a high calcium concentra-
tion and acidification are required for TGN protein aggregation,
thereby favoring the incorporation of proteins in secretory granules
(Kelly, 1985; Tooze and Huttner, 1990; Nickel and Rabouille, 2009;
Pompa et al., 2017). More recently, studies in HeLa cells pointed out
an interesting interplay between actin, calcium uptake, and sphin-
gomyelin as the driving force for protein secretion at the TGN. Spe-
cifically, cofilin has been shown to rearrange the actin cytoskeleton
that binds and favors the activation of SPCA1, allowing calcium ion
uptake in the TGN. This in turn leads to oligomerization of the Golgi
luminal calcium-binding protein Cab45, which favors the exocytosis
of a subset of soluble cargoes such as the cartilage oligomeric ma-
trix protein (COMP) or lysozyme C (LyzC) through direct interaction
with them (Scherer et al., 1996; von Blume et al., 2011; Crevenna
et al., 2016; Blank and von Blume, 2017; Pakdel and von Blume,
2018). It was further proposed that in addition to actin, sphingomy-
elin synthesis regulates SPCA1 activity into the lumen of the TGN
required for the export of some soluble cargoes (Deng et al., 2018).

Interestingly, we recently demonstrated that calcium ions,
SPCA1, and Cab45 have a major role in the apical sorting of GPI-
APs in polarized Madin-Darby canine kidney (MDCK) cells, prompt-
ing us to assess here whether a calcium-dependent mechanism in-
volving Cab45 could regulate the apical secretion of soluble cargoes
in polarized epithelial cells.
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For this purpose, we used as a model protein a truncated form of
the native GPI-AP placental alkaline phosphatase (PLAP) devoid of
its GPl-attachment signal, PLAP-sec, a physiologically relevant cargo
whose altered secretion is the main phenotypic hallmark in the hy-
perphosphatasia mental retardation syndrome (HPMR) (Murakami
et al., 2012), which was previously demonstrated to be apically se-
creted in thyroid polarized cells (Lipardi et al., 2000, 2002).

We demonstrate that Cab45 and SPCA1-regulated calcium lev-
elsin the trans-Golgi network (TGN) drive the polarized apical secre-
tion of exogenously expressed PLAP-sec and of the endogenous
soluble clusterin/Gp80 in MDCK cells.

RESULTS AND DISCUSSION

PLAP-sec is apically secreted in polarized MDCK cells

To decipher whether a calcium-dependent Cab45 mechanism
regulates the apical secretion of soluble cargoes in epithelial
cells, we monitored the secretion of the secretory form of the na-
tive GPI-AP PLAP, PLAP-sec (Figure 1A), in polarized MDCK cells.
We generated MDCK clones stably expressing high PLAP-sec
levels (Materials and Methods and Figure 1B) and analyzed by
Western blot the secreted pool of PLAP-sec in the cellular me-
dium (Figure 1B). As expected for constitutive secretory proteins,
intracellular PLAP-sec is mainly enriched in the endoplasmic re-
ticulum (ER) as evidenced by the colocalization with an ER marker
(Pearson coefficient of 0.39 £ 0.1; Supplemental Figure 1A) by
immunofluorescence.

Next, we decided to monitor the rate of PLAP-sec secretion
during epithelial polarization. We analyzed the amount of PLAP-
sec in media collected after 1 or 4 d of culture in MDCK cells,
conditions that mimic the unpolarized or polarized state, respec-
tively (Paladino et al., 2014). Comparable levels of PLAP-sec secre-
tion were observed at 1 or 4 d (Figure 1B), indicating that the rate
of PLAP-sec secretion is independent of the acquisition of polar-
ized phenotype. Next, we analyzed the polarity of secretion of
PLAP-sec in MDCK cells grown for 4 d in filters and found that
PLAP-sec protein is largely secreted (73% * 5) in the apical me-
dium (Figure 1C) as previously reported in thyroid FRT cells (Lipardi
et al., 2000, 2002). These data suggest a mechanism common to
epithelia notwithdstanding their organ origin, ensuring the apical
secretion of PLAP-sec.

Apical secretion of PLAP-sec and clusterin/Gp80 is
dependent on Cab45

To evaluate whether Cab45 plays a role in the apical secretion of
PLAP-sec, we generated stable MDCK PLAP-sec cells knocked
down for Cab45 (MDCK PLAP-sec Cab45i) (Figure 2A, left panels).
Quantification of the colocalization between PLAP-sec and an ER
marker revealed that the intracellular PLAP-sec localization is un-
changed in Cab45i cells compared with CTRLi MDCK cells (Figure
2A, right panels), suggesting that the reduction of Cab45 levels
does not modify PLAP-sec intracellular localization (Pearson coeffi-
cient 0.37 £ 0.08% in CTRLi vs. 0.33 £ 0.09% in Cab45i) along the
secretory pathway. We also found that the levels of PLAP-sec col-
lected in the media of CTRLi and Cab45i cells at 1 and 4 d in culture
are similar (Figure 2B), thus indicating that Cab45 knockdown does
not affect the PLAP-sec secretion level.

Next, we have investigated the effect of Cab45 knockdown on
the polarity of the secretion. Importantly, we have previously shown
that the polarized distribution of apical and basolateral proteins,
GP114 and E-cadherin, respectively, were unaffected in Cab45
MDCK knockdown cells (Lebreton et al., 2021), indicating that
Cab45 knockdown does not cause either polarization defects or
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secreted in Cab45i cells (Supplemental Figure
S1, B-D), further supporting the specific role
of Cab45 in the apical secretion of soluble
cargoes.
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FIGURE 1: PLAP-sec is apically secreted in polarized MDCK cells. (A) Schematic
representation of secretory PLAP-sec. (B) MDCK cells stably expressing PLAP-sec (MDCK
PLAP-sec) cultured for 1 d (1D) or 4 d (4D) were left to secrete for 4 h before cellular media
were collected to monitor PLAP-sec secretion. In parallel, intracellular tubulin levels were
monitored. On the right quantification of PLAP-sec secretion in 1D and 4D normalized to
intracellular tubulin in four different experiments is shown. No statistical differences were
revealed. (C) MDCK PLAP-sec cultured for 4 d on filters were left to secrete for 4 h before the
cellular media were collected to further monitor apical (AP) or basolateral (BL) PLAP-sec
secretion. On the right, quantification from three different experiments, ***p < 0.001.

alteration in the integrity of the epithelial monolayer. The levels of
secreted PLAP-sec in the apical and basolateral media of MDCK
cells grown on filters for 4 d were evaluated.

Similar to wild-type (WT) MDCK cells (Figure 1D), PLAP-sec was
apically secreted (75% of secretion) in CTRLi cells, while it resulted
secreted in an unpolarized manner in Cab45i cells, as it was largely
found in the basolateral medium (46% in Cab45i cells compared
with 25% in CTRLi cells; *, p < 0.05) (Figure 2C), thus highlighting the
critical role of Cab45 in apical PLAP-sec polarized secretion.

To understand whether Cab45-dependent sorting may be a gen-
eral mechanism driving the polarized trafficking of soluble cargoes,
we monitored the secretion of the endogenous soluble clusterin/
Gp80 protein in both CTRLi and Cab45i cells. While in CTRLi cells
clusterin was mostly apically secreted as previously shown (Urban
et al., 1987; Scheiffele et al., 1995), it became secreted in an unpo-
larized manner in Cab45i cells (70% apical in control cells vs. 47% in
Cab45i cells; *, p < 0.05) (Figure 2D).

Next, to test whether Cab45 had a specific role in apical secre-
tion, we analyzed the secretion of Wnt3a, a basolaterally secreted
protein (Yamamoto et al., 2013). Therefore, we generated MDCK
Wnt3a CTRLi and Cab45i and found that Wnt3a is still basolaterally
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Cab45 regulates the apical secretion of
PLAP-sec without modifying its secreted
and intracellular clustering state

Cab45 is essential for clustering of GPI-APs in
the Golgi of polarized MDCK cells to ensure
their apical sorting (Lebreton et al., 2021) but
also favors exocytosis of a subset of soluble
cargoes in Hela cells. However, in the case of
secretory proteins in nonpolarized cells, it was
shown that Cab45 directly binds to selective
soluble cargoes; whether this leads to oligo-
merization and whether oligomerization is
necessary for their secretion were not as-
sessed. We analyzed the clustering state
of secreted and intracellular PLAP-sec. Media
of MDCK PLAP-sec CTRLi and Cab45i cells
grown to confluence for 4 d on dishes were
collected, and the aggregation state of
PLAP-sec was evaluated by Native PAGE. We
found that secreted PLAP-sec migrates
around 240 kDa in both CTRLi and Cab45i
cells (Figure 3A), indicating that it is mostly or-
ganized as trimers. Alternatively, we purified
the collected media of CTRLi and Cab45i cells
on velocity sedimentation gradients (Figure
3B), a technique that allows separating the
proteins according to their molecular weight.
Consistent with the Native-PAGE data, PLAP-
sec was highly enriched in CTRLi in fractions 4,
5, and 6, corresponding to the molecular
weight of the monomer/dimer (Figure 3B). A
comparable PLAP-sec pattern on gradient
was observed in Cab45i cells (Figure 3B, com-
pare the distribution curves), thus indicating
that Cab45 silencing did not affect the cluster-
ing state of secreted PLAP-sec.

Next, we investigated whether intracellular PLAP-sec could clus-
ter and whether Cab45 could play a role in this organization. Lysates
of MDCK PLAP-sec CTRLi and Cab45i cells plated for 4 d were ana-
lyzed by velocity gradients. In both cases, about 20% of intracellular
PLAP-sec was found in high-molecular-weight complexes, indicat-
ing that intracellular PLAP-sec clustering is independent of Cab45.
Similarly, the state of clusterin/Gp80 was unaffected upon Cab45
knockdown (Figure 3D). Indeed, as previously reported (Urban
etal., 1987), it migrates as an 80 kDa band in a Native PAGE in both
CTRLi and Cab45i cells (Figure 3D), thus excluding an effect of
Cab45 on its clustering state.

Overall, these data also reinforce that Cab45 regulates the apical
sorting of GPI proteins and the apical secretion of soluble cargoes
by two distinct molecular mechanisms, dependent on and indepen-
dent of clustering, respectively.

We next wonder whether Cab45 would directly bind to PLAP-sec
as it does in Hela Cells (von Blume et al., 2012). To this end we
performed coimmunoprecipitation assays in MDCK PLAP-sec or
MDCK WT cell extracts using PLAP antibody as previously per-
formed (Paladino et al., 2014). Then, PLAP-sec immunoprecipitates
were revealed by Western blot using a specific anti-Cab45 antibody.

Cab45 drives apical protein secretion | 3
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Experiments were performed three times. No statistical significance was observed. (C, D) Apical
(AP) or basolateral (BL) media of MDCK PLAP-sec CTRLi or Cab45i plated on filters for 4 d was
considered to monitor PLAP-sec secretion (C) or clusterin/Gp80 (D). On the right, quantification
of AP and BL PLAP-sec (C) or clusterin/Gp80 (D) secretion normalized to intracellular tubulin
levels. Experiments were performed six times; in both cases statistical significance in AP/BL

secretion of PLAP-sec or clusterin/Gp80 was evaluated *, p < 0.05.

Nonetheless, PLAP-sec is enriched in the eluted immunoprecipi-
tates (Figure 3E, top gel, compare lane 3, input, with lane 4, pull
down); we could not detect coimmunoprecipitation between PLAP-
sec and endogenous Cab45 (Figure 3E, bottom gel). These data
may imply that 1) Cab45 does not interact with PLAP-sec or, alterna-
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tively, 2) their interaction is transient or
indirect.

Altogether our data indicate that Cab45 is
essential for the apical secretion of soluble
cargoes in polarized MDCK cells but its ac-
tion is not through a clustering mechanism of
the cargo.

Overexpression of SPCA1 mutant
impairing calcium uptake in the Golgi
leads to unpolarized secretion of
PLAP-sec and clusterin in polarized
MDCK cells

Because Cab45 is a calcium-binding protein,
we next asked whether calcium levels in the
Golgi would regulate the apical secretion of
PLAP-sec in polarized MDCK cells as it has
been reported earlier to be essential for the
exocytosis of some soluble cargoes in Hela
cells (von Blume et al., 2012; Crevenna et al.,
2016). In cells stably overexpressing a GFP-
SPCA1 mutant (SPCAT mut), which impairs
calcium uptake in the Golgi (Kienzle and von
Blume, 2014), intracellular localization of
PLAP-sec remained unchanged as evidenced
by similar Pearson coefficients between PLAP-
sec and ER marker or PLAP-sec and GM130
(Figure 4A) (as, respectively, 0.39 £ 1 and
0.18 £ 0.06 vs. 0.31 + 0.07 and 0.2 + 0.07).
The same cells were grown on filters for 4 d,
and then the medium from apical and baso-
lateral chambers were collected after 4 h in
serum-free medium as aforementioned. Inter-
estingly, we found that the overexpression of
the SPCA1 mutant leads to unpolarized secre-
tion of PLAP-sec and clusterin/Gp80 (Figure
4, B and C), further highlighting the critical
role of functional SPCA1 and therefore of cal-
cium in the secretion of apical soluble cargoes
in polarized MDCK cells. Of interest, basolat-
erally secreted PLAP-sec in SPCAT1 mut cells
migrates at a lower molecular weight com-
pared to control cells, suggesting a difference
of N-glycosylation state of PLAP-sec (Catino
et al., 2008).

GPI-APs are integral membrane proteins
exhibiting peculiarity in their sorting and
trafficking because they contain beside the
protein portion, the glycolipid anchor that
confers high affinity for cholesterol and sphin-
golipid membrane microdomains. Thus, al-
though the same molecular factors govern
apical sorting of GPI-APs and secretion of
soluble cargoes (Figure 4D), the underlying
mechanisms are not superimposable as evi-
denced by the regulation of clustering mech-
anisms. It is intriguing that the same mole-

cular machinery involving SPCA1 and Cab45 regulates the apical
sorting of both GPI-APs and soluble cargoes, but with different
downstream effects on the clustering state of the protein.

In Hela cells, SPCA1 or Cab45 knockdown leads to the retention
of soluble cargoes in the Golgi apparatus (von Blume et al., 2012),

Molecular Biology of the Cell
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FIGURE 3: The loss of Cab45 does not affect secreted and intracellular PLAP-sec clustering.

(A, B) Cellular media of MDCK PLAP-sec CTRLi and Cab45i cells plated for 4 d were analyzed

by (A) Native PAGE or (B) velocity gradient where fractions collected from top (fraction 1) to
bottom (fraction 9) were loaded on SDS-PAGE gel to monitor clustering of secreted PLAP-sec.
The representative molecular weight markers are indicated. Native-PAGE experiments were
performed three times and velocity gradient five times with the quantification shown on the
right. (C) Cell lysates of MDCK PLAP-sec CTRLi or Cab45i cells seeded for 4 d were collected
and run on velocity gradient (method). Fractions were collected and then trichloroacetic acid
(TCA) precipitated and analyzed by SDS-PAGE with PLAP antibody. The experiment was
repeated four times, and the quantification is shown. (D) Cell lysates of MDCK PLAP-sec CTRLi
or Cab45i seeded for 4 d were run on Native PAGE to monitor the Gp80/clusterin. (E) Cell
lysates of MDCK PLAP-sec or MDCK WT cells seeded for 4 d were immunoprecipitated with
PLAP antibody together with the protein A Sepharose beads and revealed with either anti-PLAP
(top) or anti-Cab45 (bottom) antibodies. Aliquots of cell lysates (1: input; 2: pull down) were
loaded. *, most probably heavy chain of immunoglobulin G. Note that no interaction could be
monitored between PLAP-sec and Cab45.

but this is not the case in polarized MDCK cells, highlighting a pos-
sible different mechanism in the two cells lines of different tissue ori-
gins (Paladino et al., 2014). Interestingly, an increased expression of
Cab45 in a cancer cell line exhibiting higher metastatic potential
was reported (Luo et al., 2016). In addition, in cervical and esopha-
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geal human cancer samples the expression
of Cab45 correlates with the expression of
matrix metalloproteinase 2, MMP2, essen-
tial to remodel the extracellular matrix dur-
ing cancer cell migration (Luo et al., 2016).
Finally, Cab45 was reported to be a positive
regulator of epithelial-mesenchymal transi-
tion and cancer migration (Luo et al., 2016),
thus suggesting a potential critical role of
Cab45 in tumorigensis. Furthermore, secre-
tory proteins in tumor tissues are important
components of the tumor microenviron-
ment (Patel et al., 2018; Baghban et al.,
2020) as cancer cells display their own sec-
retome (Karagiannis et al., 2010; Baghban
et al., 2020). Hence, it will be very interest-
ing to evaluate the link between Cab45 and
cancer and in particular how secretion of
soluble cargoes may change when the
epithelial polarity is lost through epithelial-
mesenchymal transition in MDCK cells as
previously described (Sampaio et al., 2011;
Zuccarini et al., 2017; Pastula and Lund-
mark, 2021).

MATERIALS AND METHODS
Request a protocol through Bio-protocol.

Cell cultures, transfections, and
antibodies

MDCK cells were cultured in DMEM (Sigma-
Aldrich; D6429) containing 5% fetal calf
serum.

The cDNA encoding PLAP-sec was a gift
of Andre Le Bivic (Evolution and Morpho-
genesis of Epithelia UMR 7288 Case 907 -
Parc Scientifique de Luminy 13288 Marseille
Cedex 9 - France) and was previously de-
scribed (Berger et al., 1989; Lipardi et al.,
2000).

MDCK cells stably expressing PLAP-sec
were generated by transfecting the cDNA
encoding PLAP-sec using lipofectamine
2000. After 48 h transfection, a serial dilu-
tion of the cells in 96-well plates (0.5-1 cell/
well) was performed and then the cells were
selected with G418 (800 upg/ml; Gibco/
Fisher; 10131-019). Several clones have
been produced, and because we obtained
exactly the same unpolarized secretions of
PLAP-sec and clusterin/Gp80 in Cab45I and
SPCA1Tmut cells, we decided to show results
coming from one clone only.

To silence Cab45 expression, MDCK
PLAP-sec cells were infected using the lenti-
viral vector pRFP-CB-sh sequence TGT-
GAATACTGACCGGAAGATAAGCGCCA

(Origene) or with a noneffective 29-mer scrambled short hairpin
RNA cassette in the same p-RFP-CB-sh lentiviral vector (ref.
TR30033) as negative control. After infection for 24 h, stable
clones were selected by using blasticidin (10 pg/ml). Screening of
positive clones was carried out by analyzing RFP fluorescence

Cab45 drives apical protein secretion | 5


https://en.bio-protocol.org/cjrap.aspx?eid=10.1091/mbc.e22-12-0549

PLARsec KDEL GFRSPCA1mut

PLARsec h GFRSPCA1mut

Medium 3 <100,
AP BL AP BL =
PLAP-sec 66kD <2
P .Ur 2 2 60,
“CTRL _ SPCAT mut B o 40
Cell lysates ® N 201
TUDUIIN| st Sl 50kD 8 g o
CTRL SPCA1 mut 59
X
Medlum % 100
AP BL & c
Clusterin/| ' i. <5807
Gp8O0 37kD Ft’ g 60-
CTRL SPCA1 mut 8 240
Cell lysates oo 2
° 3 04
Tubulin | s« [ 50kD L= 0
CTRL SPCAT mut 5 E
5
“— C
o
o

AP BL AP BL

CTRL SPCA1mut

AP BL AP BL

CTRL SPCA1mut

AP

TJ
Cab45i

—_—
% Cabds

e soluble protein

m Ca’

i
Illj SPCA1

FIGURE 4: Overexpression of SPCA1 mutant impairing calcium uptakes leads to unpolarized
secretion of PLAP-sec and clusterin/Gp80. (A) MDCK PLAP-sec stably expressing the GFP-
SPCA1 mutant seeded on coverslip was used to reveal intracellular PLAP-sec localization and ER
marker (top) or Golgi marker (bottom). (B, C) AP and BL media of MDCK PLAP-sec CTRL or the
overexpressing GFP-SPCA1 mutant plated on filters for 4 d were collected to monitor PLAP-sec
secretion (B) or clusterin/Gp80 (C). On the right, quantification of AP and BL PLAP-sec (B) or
clusterin/Gp80 (C) secretion normalized to intracellular tubulin levels. Experiments were
performed three times; in both cases the statistical significance in AP/BL secretion of PLAP-sec
or clusterin/Gp80 was evaluated *, p < 0.05. (D) Model of calcium-dependent Cab45
mechanisms regulating apical secretion of soluble cargoes and apical sorting of GPI-APs. Cab45
plays a crucial role in the apical sorting of GPI-APs (in green) and in the apical secretion of
soluble cargoes (in pink) through clustering-dependent and -independent mechanisms,
respectively.
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(Lebreton et al., 2021). The SPCA1 mutant is
a kind gift of Julia von Blume (Yale Univer-
sity, New Haven, CT; Kienzle and von Blume,
2014). The stable MDCK PLAP-sec—overex-
pressing SPCAT mutant was produced by
retroviral infection as previously described
(Morita et al., 2000). The antibodies used for
biochemistry were as follows: polyclonal
anti-PLAP 1:1000 (from Rockland), poly-
clonal Wnt3a 1:1000 (Cell Signaling), poly-
clonal apoliprotein J 1:1000 (Thermo Fisher),
and polyclonal Cab45 1:1000 from the J. V.
Blume laboratory. The secondary antibodies
considered were rabbit (GE Healthcare UK;
NA934V) and mouse (Cytiva; NXA931). Re-
garding immunostaining, polyclonal KDEL
to reveal ER 1:500 (from ABR Affinity/
Ozyme; SPA-827), polyclonal GM130 to re-
veal cis/medial Golgi 1:500 (from DB Trans-
duction; 610823), and the same PLAP 1:500
and Cab45 1:500 antibody. The secondary
antibodies Alexa Fluor 488 rabbit (A11034),
Alexa Fluor 633 rabbit (A21070), Alexa Fluor
546 rabbit (A11035), Alexa Fluor 546 mouse
(A11030), Alexa Fluor 633 mouse (A21050),
and Alexa Fluor 488 mouse (A11029) were
purchased from Thermo Fisher Scientific.
Monoclonal  anti-PLAP  1:1000 (Sigma-
Aldrich; A2951) was used in the immunopre-
cipitation experiment.

Immunofluorescence

MDCK cells grown on coverslips for 1 or 4 d
were washed with phosphate-buffered sa-
line (PBS) containing CaCl, and MgCl,, fixed
with 4% paraformaldehyde for 20 min, and
quenched with 50 mM NH,Cl for 10 min.
After saturation and permeabilization of the
cells for 30 min in PBS containing CaCly/
MgCly, 0.2% gelatin, 0.075% saponin, cells
were incubated for 30 min with specific anti-
bodies in permeabilized conditions. Primary
antibodies were detected with Alexa 488 or
546 (Thermo Fisher Scientific). The images
were acquired using a laser scanning confo-
cal microscope (LSM 700; Carl Zeiss Micro-
Imaging) equipped with a Plan Apo 63x oil
immersion (NA1.4) objective lens.

Medium collection

MDCK  cells stably expressing PLAP-sec
were seeded on polyester filters (2 million)
with 0.4 pm pores (Corning; 3450) for 4 d or
on 10 cm culture dishes (1 million) for 1 or
4 d. Afterward, cells were washed twice with
serum-free medium and then incubated in
serum-free medium (Sigma-Aldrich; D1145)
for 4 h at 37°C. Then, the medium from each
condition was collected and concentrated
by 10 KD Vivaspiné (Dutscher; 28-9322-96),
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which allows the passage of proteins above 10 kDa. In parallel, the
corresponding cells were scraped in lysis buffer (NaCl 150 mM, Tris
20 mM, EDTA 5 mM, Triton-100 1%). The same volume of cell ly-
sates was taken to detect the intracellular PLAP-sec and tubulin as
loading control.

Western blot

Cell lysates or concentrated cellular medium with protein inhibitor
(Roche; 11836170001) were reduced in Laemmli buffer containing
5% B-mercaptoethanol and boiled at 100°C for 5 min before being
run on different concentration of SDS—polyacrylamide gels: 1) 4-12%
Bis-Tris gels (BioRad; 3450124) or 2) 8% acrylamide/bisacrylamide
gel. The gel was run using MOPS buffer (BioRad; 161-0788) or TGS
buffer (BioRad; 1610732) at 90 V constant. Proteins were transferred
on polyvinylidene difluoride membranes (Dutscher; 10600023).
Next, the membrane was incubated in blocking solution containing
powdered milk and then with primary and secondary antibodies.
Finally, membranes were revealed using the ECL prime reagent
(Dutscher; RPN2236). To determine the apparent molecular weights
of the protein bands, a PageRuler plus prestained protein ladder
(Thermo Fisher Scientific; 26619) was used.

Native PAGE

Cellular medium was collected and concentrated using Vivaspin
before supplementation with 5% G-250 native sample buffer addi-
tive (Thermo Fisher Scientific; BN2004), protein inhibitor and na-
tive sample buffer (Thermo Fisher Scientific; BN2003). Then pro-
teins were loaded under nondenaturing conditions in Native
Bis-Tris PAGE, 3-12% (Thermo Fisher Scientific, BN1001) and run
at 200 V. The Native-PAGE protein ladder (Thermo Fisher Scien-
tific; Invitrogen; LCO725) was loaded and stained using Coomassie
blue. Proteins were transferred onto a polyvinylidene fluoride
membrane for 90 min at 90 V and then the membrane was im-
mersed in 6% acetic acid for 5 min, air dried, and washed with
100% methanol. Finally, membranes were blocked in 4% bovine
serum albumin (BSA) (Sigma-Aldrich; A9647) in Tris-Buffered Saline
(TBS) overnight at 4°C and incubated with the primary PLAP anti-
body overnight at 4°C before being incubated with secondary an-
tibodies and revealed as mentioned earlier.

Velocity gradients

Velocity gradients, a biochemical method that allows purifying pro-
teins according to their molecular weight, were performed as previ-
ously published (Tivodar et al., 2006). Briefly, cells were lysed in
20 mM Tris, pH 7.4, 100 mM NaCl, 0. 2% TX-100, with 0.4% SDS.
Cells were scraped and cell lysates were sheared through a 26-gauge
needle or the concentrated medium were layered on top of a dis-
continuous glycerol gradient (20-40%) in the same buffer containing
0.2% TX-100. After centrifugation at 45,000 rpm for 16 h in a Beck-
man SW50 ultracentrifuge, fractions of 500 pl were harvested from
the top of the gradient and trichloroacetic acid-precipitated. The
proteins were revealed by Western blot using specific antibodies.

Immunoprecipitation and coimmunoprecipitation assays

Cells were lysed in JS buffer (NaCl 150 mM, Tris 20 mM, EDTA
5 mM, Triton-100 0.5%, SDS 0.1%, BSA 0.2%) containing protease
inhibitor cocktail for 20 min and scraped from the dishes. After
nucleus pelleting, lysates were precleared with protein A Sepha-
rose beads (5 mg/sample; Cytiva; 17-0780-01) for 1 h at 4°C and
then incubated with PLAP antibody (Sigma-Aldrich; A2951) 1:1000
overnight at 4°C. Afterward, protein A Sepharose beads were in-
cubated with cell lysate for 2 h at 4°C. The pellets were washed
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three times with cold buffer (washing: twice with complete JS,
twice with buffer 3, and twice with buffer 4), centrifuged for 2 min
at 14,000 rpm for each wash, then boiled with Laemmli buffer, run
on SDS-PAGE, and revealed with either PLAP or Cab45 antibod-
ies. MDCK WT cells were used as negative control.

Statistical analysis
Image analyses were performed by using ImageJ, and then a t test
was used to address the statistical significance.
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