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FAPP2 is involved in the transport of apical cargo in

polarized MDCK cells

Otilia V. Vieira, Paul Verkade, Aki Manninen, and Kai Simons

Max Planck Institute for Molecular Cell Biclogy and Genetics, 01307 Dresden, Germany

hosphatidylinositol-4-phosphate (PI(4)P) is the main
phosphoinositide in the Golgi complex and has
been reported to play a pleiotropic role in transport
of cargo from the trans-Golgi network to the plasma
membrane (PM) in polarized Madin-Darby canine kid-
ney (MDCK) cells. Overexpression of the chimeric fluores-
cent protein encoding the pleckstrin homology domain,
which is specific for PI(4)P, inhibited both apical and ba-
solateral transport pathways. The transport of apical

Introduction

MDCK cells have the ability to generate and maintain bio-
chemically distinct apical and basolateral plasma membrane
(PM) domains by polarized protein sorting (Mostov et al.,
2000). Apical sorting has been proposed to be based on cargo
recruitment into raft domains, whereas basolateral sorting
mainly involves cargo capture by cytosolic adaptors (Bonifa-
cino and Traub, 2003; Schuck and Simons, 2004; Simons
and Vaz, 2004). In MDCK cells, the trans-Golgi network
(TGN) appears to be a major sorting station for apical and
basolateral biosynthetic cargo, although sorting may also
take place in endosomes (Keller et al., 2001; Ang et al.,
2004). After cargo sorting, apical and basolateral transport
carriers move along microtubules to fuse with their respec-
tive PM domain.

The molecular machinery that is responsible for the gen-
eration of post-Golgi carriers is poorly understood. However,
the involvement of a lipid-based machinery in TGN-to-PM
transport is becoming substantiated (Yeaman et al., 2004).
Phosphoinositides have emerged as important regulators of
membrane trafficking. Specifically, phosphatidylinositol-4-
phosphate (PI(4)P) is known to be involved in the transport of
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cargo from the Golgi was shown to be specifically de-
creased by adenovirus-mediated RNA interference di-
rected against PI(4)P adaptor protein (FAPP) 2. FAPP1
depletion had no effect on transport. On the other hand,
FAPP2 was not involved in the Golgi-to-PM transport of
cargo that was targeted to the basolateral membrane do-
main. Thus, we conclude that FAPP2 plays a specific role
in apical transport in MDCK cells.

newly synthesized proteins from the TGN to PM in yeast
(Hama et al., 1999; Walch-Solimena and Novick, 1999; Audhya
et al., 2000) as well as in mammalian cells (Wang et al., 2003;
Godi et al., 2004). It is still not clear how PI(4)P regulates mem-
brane trafficking, but it is thought to function in the recruitment
of transport machinery. For instance, the adaptor complex AP1
and EpsinR, which are involved in TGN-to-endosome traffic,
bind to PI(4)P (Mills et al., 2003; Wang et al., 2003). Recently,
two novel PI(4)P-binding proteins, PI(4)P adaptor proteins
(FAPP) 1 and 2, were implicated in TGN-to-PM transport of
the vesicular stomatitis virus glycoprotein (VSVG) and of gly-
cosaminoglycans in COS7 cells (Godi et al., 2004). These
ubiquitously expressed cytosolic proteins have a pleckstrin ho-
mology (PH) domain at the amino terminus through which they
directly bind to PI(4)P. Both FAPPs also have a proline-rich
domain that potentially mediates protein—protein interactions.
Interestingly, FAPP2 contains a putative glycolipid transfer mo-
tif at its carboxy terminus, making it an interesting candidate for
a role in the apical transport pathway (Dowler et al., 2000;
Godi et al., 2004).

The role of PI(4)P in regulating polarized sorting to the
cell surface in the Golgi complex of epithelial cells is unclear.
Previous work has demonstrated that altered PI(4)P metabo-
lism differentially affects biosynthetic surface delivery in
MDCK cells (Weisz et al., 2000; Bruns et al., 2002). To gain
more insight into the mechanisms of polarized trafficking, we
have addressed the functional role of PI(4)P, FAPP1, and
FAPP2 in the delivery of biosynthetic cargo from the Golgi
complex to the cell surface in polarized MDCK cells.

Supplemental Material can be found at:
http://iwww.jcb.org/cgi/content/full/jch.200503078/DC1
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Figure 1. YFP-PH overexpression blocks the Golgi-to-PM transport of
newly synthesized HA in polarized MDCK cells. (A1-A4) Polarized MDCK
cells expressing YFP-PH for 14-16 h were infected with influenza virus.
Cells were infected with influenza virus for 1 h, chased at 37°C for 2 h,
and incubated at 20°C for 2 h. The cargo was released by incubating the
cells at 37°C in the presence of cycloheximide for 30 min. (A1 and A2)
Representative apical sections. (A3 and A4) Corresponding medial sec-
tions. The cells expressing PH domains (green) and HA (red) are outlined
and indicated by asterisks. Bar, 10 um.

To find out whether PI(4)P potentially plays a role in post-
Golgi transport in MDCK cells, we used the same strategy as
Godi et al. (2004) and tested whether overexpression of PH do-
mains would affect the transport of newly synthesized cargo.
For that purpose, we constructed a fusion protein composed of
a YFP and the PH domain of FAPP1 (YFP-PH). Polarized
MDCK cells were infected with adenovirus to express the
YFP-PH and were later infected with influenza virus to express
HA as an apical cargo marker. In 84.6 = 3.6% (mean = SEM)
of cells expressing YFP-PH, HA did not reach the apical mem-
brane (Fig. 1, outlined cells and cells with asterisks) but colo-
calized with YFP-PH in the Golgi. In cells that expressed no or
low levels of YFP-PH, HA transport to the apical membrane
was unaffected (Fig. 1, cells without asterisks or outlines). The
overexpression of PH domains also affected the basolateral
transport of VSVG (BL-VSVG), a basolateral marker protein
(Keller et al., 2001); in this study, the inhibitory effect was ob-
served in 65.3 £ 4.2% (mean = SEM) of cells. These results
agree with a general role for PI1(4)P in Golgi-to-PM delivery of
cargo. This was also observed in nonepithelial cells, such as
COS7 and HeLa cells (Wang et al., 2003; Godi et al., 2004),
that use adaptors other than MDCK cells (Folsch et al., 2003;
Wang et al., 2003; Ang et al., 2004) to send VSVG to the PM.
Among the known PI(4)P effectors, the FAPPs (FAPP1
and 2) are emerging as key players in post-Golgi traffic (Godi
et al., 2004). Therefore, we studied their role in Golgi-to-PM
transport in polarized MDCK cells. We generated adenoviruses

Figure 2. Association of FAPP2 with the Golgi is PI{4)P dependent. Fluo-
rescence images of adenovirus-infected filter-grown MDCK cells express-
ing GFP-FAPP2 (green). GFP-FAPP2 distribution in control cells (A) and in
cells treated with 10 pM PAO during 15 min (C). (B and D) Golgi mor-
phology revealed by giantin staining. Bars, 10 um.

expressing GFP fusion proteins of full-length FAPP1 and 2 to
analyze their intracellular distribution. As seen in Fig. 2 (A and
B), FAPP2 colocalized with giantin, suggesting a Golgi local-
ization. The same result was obtained for FAPP1 (not de-
picted). The reduction of PI(4)P levels in MDCK cells using
the phosphatidylinositol-4-kinase inhibitor phenylarsine oxide
(PAO; Zheng and Bobich, 1998) at conditions in which no ma-
jor morphological changes were observed abolished the associ-
ation of FAPP2 with the Golgi (Fig. 2 C). This result clearly
demonstrates that PI(4)P is necessary to target FAPPs to the
Golgi in MDCK cells, as was shown previously in COS7 cells
(Godi et al., 2004). It has also been shown that FAPP2 recruit-
ment is dependent on ARF (ADP ribosylation factor) 1 (Godi
et al., 2004), a small GTP-binding protein that is required for
the recruitment of adaptor and coat proteins to the Golgi com-
plex and TGN. We could see no effect of 5 pwg/ml Brefeldin A
on the association of FAPP2 with the Golgi in MDCK cells
(Ellis et al., 2004; unpublished data). However, the ARF-GTP-
ase exchange factors that regulate ARF1 binding to the early
Golgi in MDCK cells are insensitive to Brefeldin A treatment
(Wagner et al., 1994); thus, these data do not rule out an in-
volvement of ARF1 in FAPP2 function.

Next, the functional significance of FAPPs in polarized
biosynthetic trafficking was assessed by RNA interference
(RNAi). We initially used a retroviral RNAi system that was
previously set up in our laboratory (Schuck et al., 2004). How-
ever, because this approach requires selection and culturing of
MDCK cells before experiments, it might have been difficult to
differentiate the effects of FAPP depletion on the polarization
process in general from the specific effects on polarized trans-
port. To restrict our focus on the biosynthetic sorting of pro-
teins to the apical and basolateral PM domain, we constructed
adenoviruses expressing short hairpin RNAs (shRNAs) target-
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ing FAPP1 and 2. Adenovirus was chosen as the method of de-
livery of shRNAs to allow infection of filter-grown (already
polarized) cells and, thereby, elucidate the effects of acute
FAPP depletion specifically on polarized transport. 3 d after
RNAI treatment, FAPP1 and 2 protein levels were measured by
Western blot analysis (Fig. 3, A and B). The FAPP1 RNAi led
to a drastic reduction in the level of FAPPI1 protein (Fig. 3 A,
second lane) when compared with control cells (Fig. 3 A, first
lane). Because we did not have antibodies for FAPP2, we ex-
amined the effect of FAPP2 RNAI in cells expressing GFP-
FAPP2 by using GFP antibodies and found that the expression
levels of GFP-FAPP2 were efficiently reduced (Fig. 3 B, sec-
ond lane). RT-PCR experiments confirmed that ~75 and 80%
of mRNA for FAPP1 and 2, respectively, were depleted in
RNAi-treated cells. A coinfection of MDCK cells with FAPP1
and 2 knockdown (KD) adenoviruses (double KD [DKD]) re-
sulted in similar KD efficiencies for individual FAPPs. Single
and DKD cells were subjected to immunofluorescence (IF) to
check whether the depletion of FAPPs affected the steady-state
distribution of endogenous apical and basolateral markers. The
polarized distribution of podocalyxin (apical), gp58 (basolat-
eral), and ZO-1 (tight junctions) was unaffected in FAPP1 and
2 KDs as well as in DKD cells (Fig. 3, C-F). In addition, the
depletion of FAPPs did not have any major effect on the mor-
phology of Golgi or TGN as judged by giantin and furin stain-
ing, respectively (Fig. 3, G-J).

We then examined the biological role of FAPPs in polar-
ized biosynthetic transport. The results depicted in Fig. 4 (A
and B) and quantified (Fig. 4 C) by electrochemiluminescence
showed that in DKD cells, the transport of YFP—glycosylated
(GL) glycosylphosphatidylinositol (GPI) to the apical cell sur-
face was inhibited. The transport of another apical membrane
marker, a mutant of VSVG (A-VSVG), was also shown to be
decreased in FAPP-depleted cells (Fig. 4, D-H). To examine
the distribution of this apical cargo at the ultrastructural level,
we performed EM immunocytochemistry on control and DKD
cells. Although A-VSVG was observed on the PM and mi-

Figure 3. Adenovirus-mediated RNAi KDs endogenous
FAPP1 and 2 in polarized MDCK cells. (A and B) Effect of
RNAi on the protein levels of FAPP1 (A) and 2 (B). Cell ly-
sates of MDCK cells 72 h after infection with empty virus
(control) or with adenovirus-mediated RNAi were sub-
jected to immunoblotting with anti-FAPP1, GFP, or trans-
ferring receptor antibodies as a loading control. Fluores-
cence images showing the effect of simultaneous FAPP1
and 2 depletion (DKD cells) on the intracellular distribu-
tion of endogenous podocalyxin (C and D, red), ZO-1 (C
and D, green), gp58 (E and F), giantin (G and H), and fu-
rin (I and J). (C, E, G, and ) Control cells. (D, F, H, and J)
FAPP DKD cells. Bars, 10 wm.

crovilli in control cells (Fig. 4 E), it was found in intracellular
vesicles underneath the apical membrane in FAPP-depleted
cells (Fig. 4 G). Quantitation of these data showed that in con-
trol cells, 76 = 2% (mean = SEM) of the gold particles was lo-
cated at the PM, whereas it was only 13 = 2% in FAPP-
depleted cells (¢ test, P < 0.0001). Cell surface biotinylation
confirmed these results (Fig. 4 H). Consistent with the above
observations, HA transport to the cell surface was also affected
by FAPP depletion (Fig. 4 I), although in this case, the inhibi-
tion was less dramatic. It should be pointed out that for all of
the three apical cargos, the transport block could eventually be
overcome with time, in part because we could not completely
deplete the cell of FAPPs.

Finally, we examined the role of FAPPs in basolateral
transport. No difference was seen in basolateral trafficking of
BL-VSVG using confocal microscopy analysis (unpublished
data). Cell surface biotinylation confirmed that in DKD cells,
BL-VSVG was transported to the basolateral membrane with
similar kinetics as observed in the control cells (Fig. 4 J). Alto-
gether, our results show that FAPPs are part of the apical trans-
port machinery. A noteworthy observation is that despite inhi-
bition, we saw no evidence for the missorting of apical cargo to
the basolateral side in FAPP-depleted MDCK cells (unpub-
lished data).

To further characterize the individual roles of FAPP1 and
2 in the TGN-to-PM transport of apical cargo, we repeated the
experiments with YFP-GL-GPI using FAPP1 or 2 single KD
cells in comparison with DKD cells. This apical cargo was cho-
sen because the effect of FAPP depletion on its transport to the
PM was particularly striking, and its detection by electrochem-
iluminescence was very sensitive. Surprisingly, no effect was
seen in FAPP1 KD cells. The transport of YFP-GL-GPI to the
cell surface was inhibited to the same extent in FAPP2 depleted
as it was in DKD cells (Fig. 5 A). The data so far suggest that
the effect of FAPP2 on apical transport is on post-Golgi trans-
port. To assess whether this was indeed the case, we analyzed
the kinetics of ER-to-TGN transport of YFP-GL-GPI using en-
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Figure 4. FAPP depletion blocks apical but A
not basolateral cargo transport in polarized
MDCK cells. (A and B) Surface arrival of YFP-
GLGPI (red) was detected by GFP antibodies.
Cells infected with empty adenovirus control
(A) and with FAPP1 KD and FAPP2 KD ade-
noviruses (B). (C) Quantification of the effect
of FAPP depletion on YFP-GL-GPI transport to
the cell surface by electrochemiluminescence.
(D-G) Cells expressing AVSVG-GFP. (D and E)
Control cells. (F and G) FAPP-depleted cells.
(D and F) Cell surface VSVG labeling using an
antibody against its ectodomain (red). (A, B,
and D-G) Cargo was released for 30 min at
37 or 32°C, respectively. (E and G) EM analy-
sis of AVSVG-GFP. VSVG (12-nm gold) was
localized to the microvilli (E) or to transport in-
termediates (G). Bars, 500 nm. (H) Cell sur-
face biotinylation of A-VSVG in FAPP-depleted
cells. (I) Effect of FAPP depletion on HA trans-
port. (J) Quantification of the effect of FAPP
depletion on BLVSVG transport by cell surface
biotinylation. Triangles, control; squares, cells
coinfected with adenoviruses to KD FAPP1

H

and 2. Data are means = SEM of three sepa- @ = 16

rate experiments. w0

P S22
+%5
8o
'6_ o)) 8
2
@
g8 *
to A
Sa o
B 0 30
Time (min)

doglycosidase H (EndoH) resistance pulse-chase experiments.
YFP-GL-GPI became EndoH resistant with comparable kinet-
ics in control and FAPP1 KD cells but not in FAPP2 KD cells
(Fig. 5 B). However, the inhibitory effect on ER-to-TGN trans-
port of YFP-GL-GPI that was caused by FAPP2 KD was small
(15-20%) when compared with its TGN-to-PM transport (Fig.
5 A). It could be that this result reflects the requirement of
FAPP2 for TGN release of cargo, which, in turn, may cause a
delay in the ER-to-TGN transport (Fig. 5 B).

Recently, Polishchuk et al. (2004) reported that raft-associ-
ated GPI-anchored proteins are delivered to the basolateral sur-
face and are rapidly transcytosed to the apical surface. However,
in our experimental conditions, transcytosis of the newly synthe-
sized YFP-GI-GPI only constituted a minor component in the
biosynthetic transport of this apical cargo (Fig. S1, available at
http://www jcb.org/cgi/content/full/jcb.200503078/DC1). Thus,
we suggest that FAPP2 depletion selectively affected the deliv-
ery of YFP-GL-GPI from the Golgi complex onwards.

The finding that cargo export from the Golgi to the apical
PM was essentially normal in FAPP1 KD cells strongly sug-
gests that the transport inhibition observed in FAPP2 KD cells
was specific. Our attempts to rescue the FAPP2 KD phenotype
by reexpressing an RNAi-resistant FAPP2 were unsuccessful
as a result of the cytotoxic effects of even low levels of ectopic
FAPP2 overexpression in MDCK cells.

Together, these data demonstrate that PI(4)P and FAPP2
are involved in the apical delivery machinery. Interestingly,
FAPP2 could not be replaced by its close relative FAPPI.
FAPP2 shares 90% similarity in its amino terminal region with
FAPPI1 but differs from it by having a carboxy-terminal exten-
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sion. FAPP2’s carboxy-terminal domain shows 98% sequence
homology to glycolipid transfer proteins, which are cytosolic
proteins that mediate the intermembrane transfer of glycolipids
in vitro (Metz and Radin, 1980, 1982). Such an activity, once
confirmed, would immediately suggest a function for FAPP2 in
apical transport carrier formation.

Our working hypothesis for the segregation of apical
from basolateral cargo in the Golgi is based on a raft-clustering
mechanism in the TGN (Schuck and Simons, 2004). Sorting
determinants on biosynthetic apical cargo would be recognized
by sorting receptors that sequester cargo into the growing raft
domain, which will form the apical carrier. Raft clustering is
promoted by a reduction in line tension between the raft and
nonraft phase. When an apical raft cluster has achieved a criti-
cal size, the line tension could overcome the energy required to
bend the membrane, resulting in outward budding and release
by fission between the phase boundaries. This process of
domain-induced budding was first postulated on theoretical
grounds and was recently experimentally verified in model sys-
tems (Baumgart et al., 2003).

In fact, YFP-GL-GPI associates with detergent-insoluble
lipid microdomains in the Golgi complex after the addition of
complex sugars. As shown in Fig. S2 (available at http://
www.jcb.org/cgi/content/full/jcb.200503078/DC1), FAPP2
depletion changes YFP-GL-GPI insolubility in cold Triton
X-100, and similar results were obtained regardless of whether
the cells were chased for 1.5 or 3 h. The overall YFP-GL-GPI
insolubility increased faster in control than in FAPP2 KD cells
(89.3 £ 6.6% insoluble in control cells vs. 55 = 5.6% insolu-
ble in FAPP2 KD cells; n = 3). The results suggest that altered
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Figure 5. FAPP2 but not FAPP1 is mainly responsible for the apical trans-
port phenotype. (A) Quantification of the effect of single KDs on YFP-GL-
GPI transport to the cell surface by electrochemiluminescence. Diamonds,
control; triangles, FAPP1 KD cells; circles, FAPP2 KD cells (overlaps with
the DKD curve); squares, DKD cells. (B) Effect of FAPP1 and 2 KD on ER-to-
Golgi transport of YFP-GL-GPI assessed by EndoH resistance. The amount
of EndoH-resistant cargo in control cells after 1-h chase was set to 100%,
and KD cell data are shown relative to that. Data are means * SEM of
three separate experiments.

association of YFP-GL-GPI with lipid rafts may be responsible
for the delay in transport that is observed in FAPP2 KD cells.

How could FAPP2 contribute to this process? First, by
binding to PI(4)P, a Golgi landmark, correct subcellular loca-
tion would be conferred. Second, by binding to glucosylcer-
amide, which is the only known glycolipid that is synthesized
in the cytoplasmic leaflet of the Golgi (Jeckel et al., 1992),
FAPP2 could, by oligomerization, contribute to stabilization of
the raft cluster. Third, via its proline-rich motif (Dowler et al.,
2000), FAPP2 could bind to other components of the apical
transport machinery. In such a scenario, FAPP2 would serve as
a key regulator in the process. However, several issues still
need experimental confirmation: FAPP2 binding to glucosyl-
ceramide, oligomerization upon binding, and the identification
of possible binding partners.

Materials and methods

Reagents and antibodies

Cell culture media were from Invitrogen or PAA Laboratories. PAO was
from Sigma-Aldrich. Antibodies against VSVG ectodomain and gp58 (Bal-
carova-Stander et al., 1984) have been raised in our lab. Other antibod-
ies that were used are as follows: rabbit anti-ZO-1 and mouse antitrans-
ferrin receptor (Zymed Laboratories), rabbit antifurin (Affinity BioReagents,
Inc.), mouse antigiantin (provided by H.P. Hauri, University of Basel,
Basel, Switzerland), and goat anti-GFP (provided by D. Drechsel, Max
Planck Institute, Dresden, Germany). Hybridoma cells producing the podo-
calyxin antibody were supplied by G. Ojakian (State University of New
York Downstate Medical Center, Brooklyn, NY). FAPP1 antibody was

raised against the amino terminus of FAPP1 (VCKGSKGSIK). Fluoro-
chrome-conjugated secondary antibodies were from Jackson ImmunoRe-
search Laboratories.

Cell culture and adenovirus infection

MDCK cells were grown on transwell polycarbonate filters (Costar) in
MEM with 10% FCS and were infected with adenoviruses as described
previously (Keller et al., 2001). For RNAi experiments, filter-grown MDCK
cells that were seeded 24 h before were infected for 3 h with the adenovi-
rusmediated RNAi. The cells were grown for 72 h more and were pro-
cessed for IF or biochemical analysis.

IF, confocal microscopy, and immuno-EM
IF was performed as described previously (Fullekrug et al., 1999). Fixed
stained sample cells were analyzed by confocal microscopy using a laser
scanning confocal microscope (model LSM510; Carl Zeiss Microlmaging,
Inc.) with a 100X oil immersion objective (Carl Zeiss Microlmaging, Inc.).
Digital images were prepared using Adobe Photoshop and Adobe lllustrator.
Immuno-EM was performed as described previously (Scheiffele et
al., 1998). Gold particles located between the nucleus and the apical PM
were counted. Gold particles located within 25 nm of the apical PM were
assigned as having reached the surface. Surface arrival was expressed as
the number of gold particles at the PM divided by the total (PM + cyto-
plasm) number of gold particles multiplied by 100%. 10 cells of each
group were quantitated.

Constructs and generation of recombinant adenoviruses

The generation of the plasmids and adenovirus that were used for expres-
sion of YFP-GL-GPI and BLVSVG were described previously (Keller et al.,
2001). The generation of the AVSVG construct is described in detail in the
online supplemental material (available at http://www.jcb.org/cgi/content/
full/icb.200503078/DC1). YFP-PH was amplified by PCR using a
plasmid encoding the chimera of YFP with PH domain (pYFP-C3; CLON-
TECH Laboratories, Inc.), which was provided by M. Zerial (Max Planck In-
stitute). YFP-PH was then subcloned in pShuttle-cytomegalo virus (CMV) as
a Sall-Not1 fragment. The plasmids encoding the human fullength FAPP1
and 2 were provided by J. Lucocq (University of Dundee, Dundee, Scot-
land, UK). GFP-FAPP1 was amplified by PCR and was inserted into pShut-
tle-CMV as described above. FAPP2 was released from PEB62T vector as a
BamH1 fragment and was transferred into pEGFP-C1 (CLONTECH Labora-
tories, Inc.). GFP-FAPP2 was then amplified by PCR and subcloned into
pShuttle-CMV as a Notl-Xbal fragment. For RNAi cloning, unique se-
quences conforming to AANT9 were selected, and the oligonucleotides en-
coding shRNAs directed against FAPP1 and 2 were designed and cloned
into pSUPER as described previously (Schuck et al., 2004). The shRNA ex-
pression cassefte was then transferred into the Xhol-Notl site of pShuttle.
The propagation and generation of recombinant adenoviruses were per-
formed as described in the pAdeasyTM vector protocol. All oligonucleotide
sequences are supplied in the online supplemental material (available at
http://www.jcb.org/cgi/content/full/jcb.200503078/DC1).

EndoH digestion, surface biotinylation, and HA transport

Digestion with EndoH and cell surface biotinylation were performed as de-
scribed previously (Keller et al., 2001). Surface arrival of HA was detected
by trypsin cleavage as described previously (Keller and Simons, 1998).

Quantification of cell surface arrival of YFP-GL-GPI by
electrochemiluminescence

To quantify the arrival of YFP-GL-GPI at the cell surface and in order to dis-
tinguish the surface from the intracellular cargo, we took advantage of the
existence of a trypsin cleavage site between the protein and GPI. The de-
tection of fluorescence in trypsin solution and cell lysates was performed
by electrochemiluminescence with ruthenylated polyclonal GFP antibod-
ies. A detailed description of this method is provided in the online sup-
plemental material (available at http://www.jcb.org/cgi/content/full/
icb.200503078/DC1).

SDS-PAGE and immunoblotting

Cell lysates (prepared with lysis buffer containing protease inhibitors)
were resolved by SDS-PAGE and transferred onfo polyvinylidene difluo-
ride membranes.

Online supplemental material

Online supplemental Materials and methods describes the cloning of
A-VSVG and provides other oligonucleotide sequences. It also describes the
quantification of cell surface arrival of YFP-GL-GPI by electrochemilumines-

FAPP2 IN POLARIZED MEMBRANE TRAFFICKING » VIEIRA ET AL

5002 ‘2 Jaquiardas uo 610 gal' MMM WOl papeojuMod

525


http://www.jcb.org

526

cence. Fig. S1 shows that FAPP2 depletion does not affect transcyto-
sis. Fig. S2 shows that FAPP2 depletion affects the detergent solubility of
YFP-GL-GPI. Online supplemental material is available at http://www.
jcb.org/cgi/content/full/jcb.200503078/DC1.
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