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ABSTRACT Cutaneous T-cell ymphoma—associated antigen 5 (cTAGES), an originally identi-
fied tumor antigen, is overexpressed in various cancer cell lines. The cDNA encodes an inte-
gral membrane protein containing two coiled-coil motifs and a proline-rich domain. We show
that cTAGES specifically localizes to the endoplasmic reticulum (ER) exit sites. In addition,
cTAGES forms a complex with TANGO1 (MIA3), a previously characterized cargo receptor for
collagen VII, by the interaction of their coiled-coil motifs. Of interest, cTAGES, as well as
TANGO1, is capable of interacting with the inner-layer coatomer of COPII Sec23/24 complex
through their C-terminal proline-rich domains and required for collagen VIl secretion. We
propose that cTAGES acts as a coreceptor of TANGO1 for collagen VIl export from the ER.

Monitoring Editor
Adam D. Linstedt
Carnegie Mellon University

Received: Feb 18, 2011
Revised: Apr 11, 2011
Accepted: Apr 21, 2011

INTRODUCTION
The newly synthesized secretory proteins exit the endoplasmic re-
ticulum (ER) in coat protein Il (COPIl)-coated vesicles. The process
of COPIl-coated carrier formation is relatively well characterized
(Lee et al., 2004). The activation of small GTPase Sar1 (Nakano and
Muramatsu, 1989; Barlowe et al., 1993) by a guanine-nucleotide ex-
change factor, Sec12 (Nakano et al., 1988; Barlowe and Schekman,
1993), leads to the recruitment of inner-layer coatomers of COPII,
Sec23/24 complex, to the membranes (Hicke et al., 1992). Subse-
quently, the outer-layer coatomer Sec13/31 complex binds and fin-
ishes the coat assembly (Salama et al., 1993). Recently, the impor-
tance of Sec16 in the organization of ER exit sites has been reported
in several organisms, including Pichia partoris (Connerly et al., 2005;
Bhattacharyya and Glick, 2007; linuma et al., 2007; Ivan et al.,
2008).

In mammals, there are four isoforms of Sec24, and each seems to
have a different capacity to interact with transmembrane cargoes or
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cargo receptors (Wendeler et al., 2007). Although several receptors
have been identified, molecules recognized by these receptors are
only the portions of diverse secretory proteins (Dancourt and
Barlowe, 2010). It is unclear whether all secretory proteins need to
be captured by receptors or bulk fluid flow can contribute to the
selective transport (Thor et al., 2009; Dancourt and Barlowe, 2010).
In this context, it is potentially important to identify new cargo re-
ceptors that are involved in the trafficking of different spectra of
cargo molecules.

Special interest has been directed at the trafficking of cargoes
such as procollagens and chylomicrons since these are too large to
fit into conventional COPIl-coated carriers (Fromme and Schekman,
2005). Recently, several molecules have been found to mediate
macromolecule trafficking, such as Sec23A, Sec24D and Sec13,
and structural models have also been proposed (Bi et al., 2007;
Stagg et al., 2008; Jones et al., 2003; Boyadjiev et al., 2006;
Townley et al., 2008; Lang et al., 2006; Fromme et al., 2007; Ohisa
et al., 2010; Sarmah et al., 2010). However, the mechanisms of how
the large cargoes can be packaged into COPII carriers are still
largely unclear.

Genome-wide screening in Drosophila S2 cells led to the identi-
fication of several genes involved in transport and Golgi organiza-
tion (TANGO) (Bard et al., 2006). Among them, we have recently
characterized TANGO1—an integral membrane protein localized to
the ER exit sites. TANGO1, also known as melanoma inhibitory ac-
tivity 3 (MIA3), interacts with Sec23/24 by its C-terminal cytoplasmic
side, as well as with collagen VII by the luminal SH3 domain.
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cTAGES localizes to the ER exit sites. (A) Schematic representation of human cTAGES and TANGO1 domain
organization. Coiled-Coil, coiled-coil motif; PRD, proline-rich domain.; sa, signal anchor; ss, signal sequence; TM,
transmembrane. (B) Hela, A431, HSC-1, HaCaT, and HT1080 cells were collected and extracted with Triton X-100. Each
cell lysate (70 pg) was resolved by SDS-PAGE and Western blotted with anti—-cTAGES5 CC1 antibody. Each cell lysate
(20 pg) was analyzed by SDS-PAGE and Western blotted with anti—-f-actin antibody as a loading control. Asterisks
indicate nonspecific signals. (C) Hela cells were costained with anti—-cTAGES5 CT antibody and either anti-Sec31A
antibody or anti-ERGIC53 antibody. (D) Hela cells were incubated with or without 5 pg/ml of BFA for 1 h at 37°C and
stained with anti-cTAGES CT and B-COP antibodies. (E) Anti-TANGO1 antibody was directly conjugated with Alexa
488 dye. Anti-cTAGES CT antibody was conjugated with Alexa 555 dye. Hela cells were fixed and stained with
conjugated antibodies and analyzed by Zeiss Axio Imager M1 microscopy and processed with AxioVision software.
Bottom panels show a magnified view of the boxed areas in the top panels. Bar, 10 um.

TANGOT1 is required for collagen VIl export from the ER, but it is not
involved in the export of the other proteins from the ER. Thus
TANGO1 appears to act as a cargo receptor for collagen VlI, al-
though this receptor itself does not seem to exit from the ER (Saito
et al., 2009).

Cutaneous T-cell lymphoma-associated antigen 5 (cTAGES), also
known as meningioma-expressed antigen 6 (MEA4/MGEAY), is
overexpressed in several cancer tissues, including T-cell lymphoma,
meningioma, and melanoma, and thus is regarded as a tumor anti-
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gen candidate (Comtesse et al., 2002; Heckel et al., 1997; Usener
et al., 2003). Here we present data that cTAGES localizes to the ER
exit sites and interacts with TANGO1 to coordinate collagen export
from the ER.

RESULTS

cTAGES localizes to the ER exit sites

Domain search by database revealed that cTAGE5 consists of
804 amino acids containing a signal anchor motif, a single
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transmembrane domain, two coiled-coil motifs, and a proline-rich
domain (PRD) from the N-terminus (Figure 1A). This domain organi-
zation is reminiscent of the C-terminal part of TANGO1. We raised
polyclonal antibody against the first coiled-coil motif of cTAGE5
(anti—cTAGE5 CC1) and blotted the lysates from human cell lines,
including Hela, A431, HSC-1, HaCaT, and HT1080 cells, to detect
the endogenous protein. The antibody recognized a doublet pro-
tein with the molecular weight of ~110 kDa, of which the upper
bands were predominant species in most of the cell lines tested
(Figure 1B). Knockdown of cTAGES by RNA interference specifically
reduced the upper bands; however, the lower bands remained un-
changed (Figure 4B). These data suggest that the upper bands cor-
respond to the cTAGES5-specific signal and the lower bands were
nonspecific cross-reactive species.

We next determined the localization of endogenous cTAGES in
Hela cells with another polyclonal antibody against the C-terminal
(last 14 amino acids) of cTAGES5 (anti—-cTAGES5 CT) since the former
antibody was found to be unsuitable for immunofluorescence mi-
croscopy. cTAGE5 was visualized as punctuate dots scattered
throughout the cytoplasm, and some accumulated at perinuclear
regions (Figure 1C). These signals were reduced extensively by
cTAGES knockdown, indicating that the antibody staining is specific
(Figure 4A, top). Costaining with Sec31A suggests that cTAGES lo-
calizes to the ER exit sites (Figure 1C, top). The colocalization be-
tween ER-Golgi intermediate compartment 53 (ERGIC53) and
cTAGES is less evident (Figure 1C, bottom). The localization of
B-COP, which is a marker for COPI component, is separated from
cTAGES5 (Figure 1D, top). To clarify the localization of cTAGES to the
ER exit sites, the cells were treated with brefeldin A (BFA), which
causes rapid dissociation of COPl components from the membranes
(Orci et al., 1991). BFA treatment, as expected, relocalized COPI
component (3-COP) from membranes to the cytoplasm (Figure 1D,
bottom). cTAGES localization, however, was unchanged upon BFA
treatment (Figure 1D, bottom). Taken together, these findings
strongly indicate that cTAGES localizes to the ER exit sites.

Next we checked whether cTAGES and TANGO1 are localized at
the same ER exit site. Because all of our antibodies available for
cTAGES5 and TANGO1 are made in rabbits, it is difficult to immunos-
tain by conventional methods. Besides, it is unsuitable to use over-
expressed proteins for this study since overexpression renders both
cTAGES and TANGO1 diffused throughout the ER even with the
modestly expressed cells. To overcome this technical issue, we di-
rectly labeled antibodies with Alexa dyes. As shown in Figure 1E,
some of the ER exit sites stained by Alexa 488-conjugated TANGO1
antibody could be also stained by Alexa 555-conjugated cTAGES
CT antibody. Due to the significant background signals, however,
we cannot argue for the existence of mutually exclusive ER exit sites.
Nevertheless, these results indicate that at least in some conditions
and/or limited areas, cTAGES and TANGO1 are present at the same
ER exit sites.

cTAGES binds to TANGO1

Hela cell lysates were immunoprecipitated with anti-cTAGES anti-
body and analyzed by SDS-PAGE. As shown in Figure 2A, endog-
enous cTAGES was efficiently immunoprecipitated and detected as
a 110-kDa band by both silver staining and Western blotting. Of
interest, there was an additional band of upper 250 kDa in the im-
munoprecipitate of cTAGES antibody. The Western blot was rep-
robed with the anti-TANGO1 antibody, and the upper 250-kDa
protein was identified as TANGO1 (Figure 2A). Hela cell lysate was
also immunoprecipitated with anti-TANGO1 antibody, and the im-
munoprecipitants were Western blotted with anti-cTAGES and
anti-TANGO1 antibodies, respectively. The anti-TANGO1 immuno-
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precipitants was found to contain both TANGO1 and cTAGES5
(Figure 2B). These results strongly suggest that endogenous
cTAGES forms a complex with TANGO1. We roughly estimated the
efficiency of immunoprecipitation by Western blotting. As shown in
Figure 2C, the immunoprecipitants of either anti-cTAGES5 antibody
or anti-TANGO1 antibody were serially diluted and blotted with
anti-cTAGES and anti-TANGO1 antibodies. As compared with cell
lysates, the immunoprecipitants of cTAGES5 antibody contained a
concentrated amount of TANGO1. On the contrary, the TANGO1
immunoprecipitants contained less cTAGES than did the cell
lysates. These results would indicate that most of TANGO1 is in a
complex with cTAGES5; however, there is a significant fraction of
cTAGES free from the complex with TANGO1.

Next we mapped the region responsible for this interaction. We
made several deletion constructs and coexpressed a FLAG-tagged
deletion of cTAGES5 with an HA-tagged TANGO1 deletion in 293T
cells. The cell lysates were immunoprecipitated with anti-FLAG anti-
bodies followed by elution with FLAG peptide. The N-terminal
coiled-coil motif of cTAGES, named cTAGES5-Coil1, interacted spe-
cifically with TANGO1-Coil1 (Figure 2D, lane 4). In addition, cTAGE5-
Coil2 had the ability to interact with TANGO1-Coil2 (Figure 2D, lane
8). Of interest, there is specificity in the binding between coiled-
coiled motifs: Coil1 binds Coil1, and Coil2 binds Coil2, of the two
respective proteins (Figure 2D, lanes 4, 5, 7, and 8). In addition,
proline-rich regions in cTAGE5 and TANGO1 are not involved in
binding between these two proteins (Figure 2D, lanes 6, 9, and
10-12).

To further ascertain the specificity of the binding between coiled-
coiled motifs of TANGO1 and cTAGES, we expressed recombinant
cTAGES5 and TANGO1 mutants in bacteria, purified the respective
proteins (Figure 2E top), and tested their binding in vitro. Purified
TANGO1 constructs were conjugated with beads by maltose-
binding protein (MBP) epitope and incubated with cTAGES con-
structs. TANGO1-Coil2 efficiently bound to the similar amount of
cTAGE5-Coil2 regions (Figure 2E bottom, lane 9), suggesting that
the interaction between cTAGES5 and TANGO1 occurs stoichiomet-
rically at the ratio of 1:1. It is intriguing that we could not observe
any interaction between TANGO1-Coil1 and cTAGES5-Coil1 under
the present conditions (Figure 2E, bottom, lane 5). This is not likely
due to the steric hindrance raised by the comparatively huge tags
that we introduced to these proteins because we still could not ob-
serve the interaction when using a tag-depleted version of cTAGES
(unpublished data). Thus cTAGES and TANGO1 appear to interact
directly at least via their second coiled-coil regions; their first coiled-
coil regions may interact indirectly via unidentified intermediate(s).

The PRD of cTAGES binds Sec23/24

cTAGES, as well as TANGO1, possesses a C-terminal proline-rich
region. We reported previously that the C-terminus of TANGO1 in-
teracts with Sec23/24 complex (Saito et al., 2009). Therefore we
tested whether cTAGES can also bind Sec23/24 by yeast two-hybrid
assay. As shown in Figure 3, the region of cTAGE5 amino acids 651-
804 , corresponding to the proline-rich domain, interacts with both
Sec23A and Sec24C (Figure 3, samples 10 and 11). Of interest,
cTAGES interacted more potently with Sec23A than with Sec24C.

cTAGES is required for collagen VIl export from the ER

cTAGES knockdown was carried out by two distinct oligos, cTAGE5
(1825) and cTAGES5 (91). Both oligos efficiently reduced the expres-
sion of cTAGES, as observed by Western blotting and immunofluo-
rescence (Figure 4A, top, and B, top). The knockdown does not alter
the expression level of other ER exit-site proteins, including
TANGO1, Sec31A, and Sec24D (Figure 4B). Furthermore, there was
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FIGURE 2: cTAGES binds to TANGO1 at the ER exit sites. (A) Protein A beads conjugated with (lanes 1 and 3) or
without (lane 2) anti-cTAGE5 CC1 antibody were incubated with (lanes 2 and 3) or without (lane 1) Hela cell lysates. The
beads were washed, and proteins retained to the beads were analyzed by SDS-PAGE, followed by silver staining or
Western blotting with anti—-cTAGE5 CC1 and TANGO1 antibodies. (B) Protein A beads were either untreated or
conjugated with anti-TANGO1 antibody and then incubated with Hela cell lysates. The beads were washed, and
proteins retained to the beads were analyzed by SDS-PAGE, followed by Western blotting with anti-cTAGE5 CC1 and
TANGO1 antibodies. (C) Hela cell lysates were immunoprecipitated with anti—-cTAGE5 CC1 antibody or anti-TANGO1
antibody, and immunoprecipitants and cell lysates were sequentially diluted and analyzed by SDS-PAGE and blotted
with anti-cTAGE5 CC1 and anti-TANGO1 antibodies. (D) 293T cells were transfected with FLAG-tagged cTAGE5-Coil1
(amino acids 61-300), Coil2 (amino acids 301-650), or PRD (amino acids 651-804) with HA-tagged TANGO1-Coil1
(amino acids 1211-1440), Coil2 (amino acids 1441-1650), or PRD (amino acids 1651-1907). Cell lysates were
immunoprecipitated with anti-FLAG antibody and eluted with FLAG peptide. Eluates and cell lysates were analyzed by
SDS-PAGE, followed by Western blotting with anti-FLAG or anti-HA antibodies. (E) MBP, MBP-tagged TANGO1-Caoil1,
and TANGO1-Coil2 were expressed in E. coli and purified with Amylose resin. ColdTF-tagged cTAGES5-Coil1 and
cTAGES5-Coil2 were expressed in E. coli and purified with Ni Sepharose. Purified proteins were analyzed by SDS-PAGE,
followed by Coomassie brilliant blue (CBB) stain (top); MBP, MBP-tagged TANGO1-Coil1, and TANGO1-Coil2 were
immobilized to amylose resin and untreated or incubated with ColdTF cTAGES Coil1 or ColdTF cTAGES5 Coil2. Resins
were washed and eluted with maltose. Eluted proteins were subjected to SDS-PAGE followed by CBB stain (bottom).
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FIGURE 3: cTAGES interacts with Sec23/24 through the C-terminal
PRD domain. cTAGE5 and TANGO1 deletions in pGADT7 plasmids
were cotransformed with pGBKT7 plasmids containing Sec23A,
Sec24C, and Sec31A into AH109 yeast strains. Interactions were
investigated by observing the cell growth on tryptophan-, leucine-,
histidine-, and adenine-deficient plate.

no or, if any, minor effect on the localization of TANGO1 after siRNA
treatment, and TANGO1 antibody could produce scattered punctu-
ate staining, which is characteristic of ER exit sites (Figure 4A, bot-
tom). These results assure that the phenotype observed by siRNA
treatment is likely caused by the decrement of cTAGES expression
level and not indirectly by the effects on other ER exit-site proteins,
including TANGO1. Of interest, however, upon TANGO1 knock-
down, cTAGES is less localized to the ER exit sites and presumably
diffuses to the ER membrane (Supplemental Figure S2B), although
the expression level of cTAGES is unaffected (Supplemental
Figure S2A).

Because TANGO1 was characterized previously as a protein re-
quired for collagen VII export from the ER (Saito et al., 2009), we
next tested whether cTAGES is also involved in this process. A431
cells were transfected with control or cTAGES siRNAs. After 48 h,
the cells were stained with collagen VIl antibody or cTAGES anti-
body. In control cells, we could detect faint staining of collagen VI
inside the cells as previously described. On the other hand, a sig-
nificant amount of collagen VIl is accumulated within the ER in
cTAGES5-knockdown cells (Figure 4C). A similar accumulation is
also seen when cutaneous squamous carcinoma cell line, HSC-1,
was subjected to cTAGES knockdown (Figure 4D). The quantifica-
tion also suggests that immunofluorescent signals of collagen VIl
within HSC-1 cells were significantly increased upon cTAGES5
knockdown (Figure 4E). These results strongly suggest that, like
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TANGO1, cTAGES is also important for collagen VII export from
the ER.

We next performed [33S]methionine pulse-chase assay to see the
effect of cTAGES knockdown on general protein secretion. Cells
were transfected with control or cTAGES siRNAs and further incu-
bated with [3*S]methionine for 15 min, followed by a chase for 3 h.
The medium was concentrated with trichloroacetic acid (TCA) pre-
cipitation and analyzed by SDS-PAGE and autoradiography. As ex-
pected, incubation with BFA severely reduced the radiolabeled
bands observed by autoradiography, suggesting that protein secre-
tion is generally inhibited (Figure 4F, lanes 4 and 5). At the same
condition, cTAGES5 knockdown did not affect overall protein secre-
tion as compared with the control knockdown (Figure 4F, lanes 1-3).
Vesicular stomatitis virus glycoprotein (VSVG) transport assay was
also performed. VSVG seemed normally to traffic to the cell surface
with cTAGES knockdown (Supplemental Figure S1). These results
support the idea that cTAGES functions together with TANGO1 to
specifically regulate collagen VIl secretion.

DISCUSSION

In this study, we have identified cTAGES as another integral
membrane protein at ER exit sites and characterized the protein
as a direct binder of TANGO1. Furthermore, we have revealed
that cTAGES, as well as TANGO1, is required for collagen VIl ex-
port from the ER. On the basis of the following observations, we
would like to propose that cTAGES functions as a coreceptor of
TANGOT1 for collagen export. First, cTAGE5 and TANGO1 bind
directly through their second coiled-coiled domain in a 1:1 stoi-
chiometry (Figure 2). Second, the function of cTAGES seems not
to be replaceable by TANGO1 since cTAGES knockdown induces
collagen VII accumulation without affecting the localization and
the expression of TANGO1 at the ER exit sites (Figure 4, A and B).
Third, cTAGES does not possess the N-terminal long luminal
stretch containing the SH3 domain, where collagen VIl binds to
TANGO1. Thus it is not likely that cTAGES exerts its effects on
collagen VII by direct binding. Therefore cTAGES is not a func-
tional homologue of TANGO1, but it rather coordinately regu-
lates collagen VIl secretion with TANGO1.

The interaction between cTAGES and TANGO1 is mediated via
their coiled-coil domains (Figure 2, D and E). Furthermore, the C-
terminus of cTAGES is also capable of interacting with Sec23/24
complex as in the case of TANGO1 (Figure 3). Taking these results
together, we hypothesize that cTAGES/TANGO1 complex forms a
dimer, possibly shaped like the letter "y”, and that each cytoplasmic
PRD of the complex interacts with Sec23/24, whereas the luminal
trunk of TANGO1 interacts with cargoes such as collagen VII
(Figure 5). In support of this notion, the cytoplasmic domain of
cTAGES is almost the same length as that of TANGO1 (Figure 1A).
Further investigation, particularly a structural approach, is definitely
needed to validate this hypothesis.

The immunofluorescence study suggests that cTAGES is local-
ized together with TANGO1 at certain ER exit sites, supporting the
complex formation as described. It is also interesting to note that
estimation by immunoprecipitation implies that most of TANGO1
should be in a complex with cTAGES; however, there would be a
certain amount of cTAGES, which is free from the complex with
TANGO1. Thus there is a possibility that a certain amount of
cTAGES acts by itself or with other oligomeric states. We should
clarify this point in the future by further biochemical characteriza-
tion, but we can speculate that the specificity of cargoes transported
by the cTAGE5/TANGO1 complex might be regulated by the com-
bination of these two proteins.
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cTAGES is required for collagen VIl secretion from the ER. (A) Hela cells were transfected with control
siRNA or cTAGES siRNA (1825) or cTAGES siRNA (91). After 70 h, the cells were fixed and stained with anti-cTAGE5 CT
antibody and TANGO1 antibodies. Bars, 10 um. (B) HeLa cells transfected with control siRNA or cTAGES5 siRNA (1825)
or cTAGES siRNA (91) were extracted and subjected to SDS-PAGE, followed by Western blotting with anti-cTAGES
CC1, TANGOT1, Sec31A, Sec24D, and B-actin antibodies. Asterisks indicate nonspecific signals. (C) A431 cells were
transfected with control siRNA or cTAGES siRNA and stained with anti-collagen VIl or anti—-cTAGES CT antibodies.
(D) HSC-1 cells were transfected with control siRNA or cTAGES siRNA and stained with anti—collagen VII or anti-cTAGES
CT antibodies. (E) Quantification of collagen VIl immunofluorescence signal per cell in HSC-1 cells (A.U.). The detailed
procedure is described in Materials and Methods. Error bars represent mean + SEM; **p < 0.005 compared with control
siRNA, n = 42. (F) Hela cells were either transfected with control or cTAGES siRNA (1825) or cTAGES siRNA (91). After
46 h, cells were cultured with medium without methionine and cysteine for 1 h and then labeled with [3*S]methionine for
15 min. Cells were washed and then chased for 3 h. Medium was collected and precipitated with TCA and subjected to
SDS-PAGE, followed by autoradiography. Cell lysates were extracted and analyzed by SDS-PAGE, followed by Western

blotting with anti-cTAGE5 CC1 and B-actin antibodies. BFA was added to the nontransfected cells and kept throughout
the chase.
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FIGURE 5: A dimeric model for the cTAGE5-TANGO1 complex.
cTAGES interacts with TANGO1 through their second coiled-coil
regions (Coil2). PRDs of both proteins interact with Sec23/24 complex
on the COPIl-coated carrier. Collagen VIl bound to the SH3 domain of
TANGO1 may be packaged into COPIl-coated carrier by the
coordinated action of cTAGES and TANGO1.

TANGO1 was originally identified as a protein required for pro-
tein transport by genome-wide screening in Drosophila S2 cells
(Bard et al., 2006). The orthologue of TANGO1 can be found
throughout metazoans, implying that TANGO1 would have a con-
served roles over these species. On the contrary, we could find a
cTAGES orthologue only from human to zebrafish but failed to iden-
tify the Drosophila counterpart. Thus the complex formation be-
tween cTAGES and TANGO1 may be preserved only through the
vertebrates, and Drosophila may have a different structural entity for
TANGOT1 function. The fact that both cTAGES and TANGO1 are
absent in the budding yeast strongly suggests that both proteins are
not the minimal components required for COPII vesicle formation
from the ER exit sites. Rather, these proteins might be modulators of
COPII vesicle formation to coordinate the secretion of large cargoes
such as collagens.

Recent reports indicated that the proteins such as Sec23A,
Sec24D, Sec13, and TANGO1 are involved in the secretion of cer-
tain collagen types from the ER (Boyadjiev et al., 2006; Townley
et al., 2008; Saito et al., 2009; Ohisa et al., 2010; Sarmah et al.,
2010). Of interest, as for Sec13 and TANGO1, knockdown by RNAi
does not impair bulk cargo secretion (Townley et al., 2008; Saito
etal., 2009). In this study, we also observed similar phenotypes with
cTAGES knockdown (see Figure 4). It is tempting to speculate that
large-cargo secretion might be more tightly regulated through the
coordinate action of ER exit-site proteins in higher eukaryotes. The
present study has revealed that collagen VIl export from the ER is
driven by the cTAGES/TANGO1 complex. The detailed molecular
mechanisms of how this complex works for collagen VIl secretion
await further investigation.

MATERIALS AND METHODS

Antibodies

cTAGES5 polyclonal antibody for Western blotting (anti-cTAGE5
CC1) was raised in rabbits by immunization with recombinant glu-
tathione S-transferase fusion of cTAGES fragment (amino acids
118-227). Raised antibody was affinity purified by the column
conjugated with MBP fusion of cTAGES corresponding to the an-
tigen. cTAGES polyclonal antibody for immunofluorescence study
(anti-cTAGES CT) was raised in rabbits by immunization with key-
hole limpet hemocyanin-conjugated peptide (C-NEPATEHPEP-
QQET) corresponding to the C-terminal 791-804 amino acids of
cTAGES. The antibody was affinity purified on column conjugated
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with the peptide (ThermoFisher Scientific, Waltham, MA). Other
antibodies were used as described previously (Saito et al.,
2009).

Immunoprecipitation and Western blotting

Cells extracted with extraction buffer consisting of 20 mM Tris-HClI
(pH 7.4), 100 mM NaCl, 1 mM EDTA, 1% Triton X-100, and protease
inhibitors were centrifuged for 65,000 rpm for 30 min at 4°C. The
cell lysate was immunoprecipitated with anti-cTAGES antibody con-
jugated with protein A Sepharose beads (GE Healthcare Bio-
Sciences, Piscataway, NJ). The beads were washed with Tris-buffered
saline (TBS)/0.1% Triton X-100 for five times and processed for sam-
ple preparation.

In vitro binding assay

MBP, MBP-tagged TANGO1-Coil1 (amino acids 1211-1440), and
MBP-tagged TANGO1-Coil2 (amino acids 1440-1650) were ex-
pressed in Escherichia coli and purified with amylose resin. cTAGE5-
deletion constructs corresponding to Coil1 (amino acids 61-300)
and Coil2 (amino acids 301-650) were cloned into pColdTF vectors
and purified with Ni Sepharose 6 Fast Flow (GE Healthcare). MBP
fusion proteins were conjugated to amylose resin and incubated
with cTAGES constructs. Beads were washed with TBS/0.1% Triton
X-100 four times, followed by elution with maltose.

Pulse chase assay

Pulse chase assay was performed essentially as described previously
(Saito et al., 2009). Control or cTAGE5S siRNA-treated or untreated
Hela cells were cultured in DMEM without L-methionine and L-
cysteine for 1 h and then pulsed with 80 pCi of [**S]methionine for
15 min. Cells were washed and chased for 3 h in DMEM containing
10 mM cold methionine. Medium was collected and precipitated
with TCA. The sample was resolved by SDS-PAGE, followed by au-
toradiography. For BFA-treated assay, 10 pg/ml of BFA was added
throughout the experiments.

Immunofluorescence microscopy

Immunofluorescence microscopy was performed as described pre-
viously (Saito et al., 2009). Cells grown on cover slips were fixed with
cold methanol. After blocking, cells were stained with primary anti-
body, followed by Alexa Fluor—conjugated secondary antibody
(Invitrogen, Carlsbad, CA). Images were taken by Zeiss LSM700 con-
focal microscopy and processed with Zeiss Zen software (Zeiss,
Jena, Germany).

Quantification of collagen VIl staining

SiRNA-treated HSC-1 cells were fixed and incubated either with
anti—collagen VIl rabbit polyclonal antibody or rabbit control immu-
noglobulin G (IgG) or anti-cTAGES CT antibodies. Cells were washed
and incubated with anti-rabbit IgG secondary antibody. Stained
HSC-1 cells were analyzed by Zeiss Axio Imager M1 microscopy and
processed with AxioVision software. Area calculation and intensity
scanning were done by ImageJ software. The fluorescence intensity
per area (A.U.) from collagen VIl antibody is subtracted from that of
rabbit control IgG.

siRNA oligos

Stealth select siRNAs for cTAGES were purchased from Invitrogen.
The oligo sequences used were cTAGES siRNA (1825), CCGCCAG-
GACAAUCAUAUCCUGAUU, and cTAGES5 siRNA (91), GACCA-
GAUUCUAAUCUUUAUGGUUU. For control siRNA, Negative Uni-
versal Control Med #2 (Invitrogen) was used.
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Cell culture and transfection

Hela, A431, HSC-1, HaCaT, HT1080, and 293T cells were cultured
in DMEM supplemented with 10% fetal bovine serum. Lipofectamine
RNAIMAX (Invitrogen) was used for transfecting siRNA for Hela and
HSC-1 cells. For A431 cells, HiPerFect (Qiagen, Valencia, CA) was
used. For plasmids transfection, Lipofectamine 2000 (Invitrogen) or
FUuGENE (Roche Diagnostics, Indianapolis, IN) was used.
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