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Proteins synthesized within the endoplasmic reticulum
(ER) are exported from ER exit sites via coat protein
complex II (COPII)-coated vesicles. Although the
mechanisms of COPII-vesicle formation at the ER exit
sites are highly conserved among species, vertebrate cells
secrete a wide range of materials, including collagens
and chylomicrons, which form bulky structures within
the ER that are too large to fit into conventional car-
riers. Transport ANd Golgi Organization 1 (TANGO1)
was initially identified as a cargo receptor for collagens
but has been recently rediscovered as an organizer of ER
exit sites. We would like to review recent advances in
the mechanism of large cargo secretion and organization
of ER exit sites through the function of TANGO1.
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Secretory proteins exit from special domains of the
endoplasmic reticulum (ER) called ER exit sites via
coat protein complex II (COPII)-coated vesicles.
COPII-vesicle formation at the ER exit sites is initiated
by the activation of the small GTPase Sar1 by the
guanine-nucleotide exchange factor, Sec12. Activated
Sar1 binds to the ER membrane, which recruits an
inner coat complex Sec23/Sec24 and an outer coat
complex Sec13/Sec31 to form COPII vesicles (1, 2).
Collagens and chylomicrons are too big to be accom-
modated into these conventional COPII vesicles; thus,
how these bulky cargoes are exported from the ER had
been an unanswered question for a long time (3).
Transport ANd Golgi Organization 1 (TANGO1)
had been initially discovered as a cargo receptor for
collagens at the ER exit sites (4, 5). Subsequently, it
has been found that TANGO1 forms a macro molecu-
lar complex with cTAGE5 and Sec12, and the complex
regulates Sar1 GTP binding and hydrolysis for efficient

collagen secretion. In addition, TANGO1 recruits ER-
Golgi Intermediate Compartment (ERGIC) mem-
branes and forms a ring around the ER exit sites for
proper collagen secretion. Surprisingly, recent progress
suggests that TANGO1 functions as an organizer of
the ER exit sites. In this review, we summarize recent
discoveries regarding TANGO1 and related molecules
and explain how these two apparently distinct func-
tions can be accomplished by TANGO1.

Identification of TANGO1 in Drosophila

A genome-wide screening was performed in Drosophila
S2 cells to identify the genes involved in secretion and
organelle morphology (6). Drosophila TANGO1 was
identified as a gene affecting constitutive secretion
measured by a reporter (horseradish peroxidase fused
to a signal sequence (ss HRP)), when depleted with
RNA interference. Moreover, the Golgi enzyme man-
nosidase II was redistributed to the ER upon
TANGO1 depletion in S2 cells, suggesting that
TANGO1 is involved in general protein transport
from the ER to Golgi in the Drosophila system.

TANGO1-Family Proteins in Mammalian
Cells

TANGO1 in vertebrates produces two major transcripts
designated as TANGO1L (or TANGO1) and
TANGO1S (7). TANGO1L shares the same domain or-
ganization as Drosophila TANGO1 and possesses an
SH3 domain, a membrane-spanning region, two coiled-
coil domains and a proline-rich stretch from the N-ter-
minus (Fig. 1) (8, 9). TANGO1S lacks an N-terminal
SH3 domain but mostly shares sequences with
TANGO1L (10). In vertebrates, TANGO1 possesses
family proteins called cTAGE5 and TANGO1-like
(TALI) (Fig. 1) (11). The relationship between
cTAGE5 and TALI corresponds to that between
TANGO1S and TANGO1L, as these proteins are prod-
ucts of alternative splicing. TALI shares the same
domain organization as TANGO1L, as cTAGE5 does
with TANGO1S. Of note, the expression of TALI is
restricted to lungs, testis, small intestine, colon, pancreas,
kidney, liver and prostate.

TANGO1L as a Collagen Cargo Receptor

TANGO1L was initially characterized as a Collagen
VII cargo receptor at the ER exit sites (8). The SH3
domain of TANGO1L was shown to interact with
Collagen VII by an in vitro-binding assay, and a pro-
line-rich stretch of TANGO1L was shown to interact

J. Biochem. 2019;166(2):115–119 doi:10.1093/jb/mvz036

� The Author(s) 2019. Published by Oxford University Press on behalf of the Japanese Biochemical Society. All rights reserved 115

F
e
a
tu

re
d

A
rt

ic
le

D
ow

nloaded from
 https://academ

ic.oup.com
/jb/article/166/2/115/5486296 by guest on 18 April 2024

http://orcid.org/0000-0003-2478-2687
http://orcid.org/0000-0002-5573-2167


with Sec23/Sec24 using a yeast two-hybrid assay.
Knockdown of TANGO1L does not affect general
protein secretion, but it specifically blocks secretion
of Collagen VII, resulting in its accumulation within
the ER. Based on these results, TANGO1L was iden-
tified as a novel cargo receptor required for exporting
bulky Collagen VII from the ER (8). Soon after,
knockout of TANGO1L was made in mice models
and the mice showed severe defects in chondrogenesis
(7). Further analysis revealed that the mice were de-
fective in secretion of subsets of collagens including
Collagens I, II, III, IV, VII and IX. These results indi-
cated that TANGO1L might be involved in secretion
of all collagen molecules. Indeed, recent biochemical
analyses suggest that binding between TANGO1L and
collagens are rather indirect and mediated by HSP47,
a chaperone required for collagen folding (12).
The chaperone-mediated collagen binding enables
TANGO1L to bind to all sets of collagen molecules,
and possibly it might recognize the folding status of
collagens whether they are ready for secretion.

How Are Collagens Secreted by TANGO1
and Binding Molecules?

Initial characterization of TANGO1 suggested that
TANGO1L acts as a cargo receptor without exporting
from the ER. Accordingly, the proposed model indi-
cated that the binding of TANGO1 with Sec23/Sec24
inhibits recruitment of the outer coat complex Sec13/
Sec31, thereby stalling the completion of conventional
COPII biogenesis and forming megacarriers that can
accommodate collagens inside (Fig. 2A) (8). However,
several other models for collagen export have been
proposed based on the recent characterization of
these proteins. We would like to introduce some of
them in the following sections.

Regulation of Sar1 GTPase Is Required for
Collagen Secretion From the ER

Immunoprecipitation analysis revealed that there is a
direct interaction between TANGO1L and cTAGE5
through coiled-coil regions of both proteins (13).
Knockdown of cTAGE5 showed severe accumulation
of collagen VII within the ER, indicating that cTAGE5
is also involved in collagen secretion from the ER.
Accordingly, cTAGE5 has been thought to be a co-

receptor of TANGO1L. Mass spectrometry analysis
revealed that cTAGE5 interacts with Sec12 (14).
Interestingly, TANGO1 does not bind to Sec12. The
interaction domain of cTAGE5 for Sec12 was mapped
to a few critical residues, which is the immediately at
the C-terminus of the membrane-spanning region (15).
A biochemical assay indicated that the interaction with
cTAGE5 does not affect the guanine-nucleotide ex-
change activity of Sec12 toward Sar1; however, the
localization of Sec12 is regulated by the interaction.
When cells are depleted with cTAGE5, Sec12 no
longer localizes to the ER exit sites and diffuses to
the reticular ER. Moreover, cTAGE5 mutants that
fail to interact with Sec12 cannot rescue defects in col-
lagen secretion in cTAGE5-depleted cells.
Interestingly, when wild type Sar1 is co-overexpressed
with cTAGE5 mutants deficient in Sec12 binding, col-
lagen can be exported from the ER, but this is not
possible with Sar1 GTPase-deficient mutants. These
results strongly suggest that Sec12 accumulation at
the ER exit sites is required for collagen export by
the activation of Sar1 in the proximity of ER exit
sites (Fig. 2A).

It was previously reported that activated Sar1 has an
ability to form elongated tubes in vitro and in semi intact
cells. For details, please refer to our recent review article
(16). Moreover, a recent study using biochemical and
super resolution microscopic analyses has indicated
that TANGO1, cTAGE5 and Sec12 are co-packaged
with collagens to exit from the ER (Fig. 2B) (17).
Consistent with previous data, Sec12 has an ability to
enlarge COPII carriers when artificially targeted to col-
lagens. Moreover, cTAGE5 enhances the GTPase-acti-
vating protein (GAP) activity of Sec23 towards Sar1, and
this activity is necessary for collagen exit (18). These re-
sults indicate that Sar1 activation mediated by Sec12 is
involved in the elongation of megacarriers. Conversely,
cTAGE5-mediated Sar1 inactivation could be necessary
for budding of the megacarriers. In summary, the Sar1
GTPase cycle plays important roles in collagen secretion
from the ER (Fig. 2A).

TANGO1 and TALI Are Cargo Receptors for
Chylomicrons and VLDL

TANGO1L and TALI have also been reported to
interact with apolipoprotein B and serve as cargo re-
ceptors for pre-chylomicrons and pre-VLDLs from the
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Fig. 1 Domain organization of TANGO1 family proteins.
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ER (11). TANGO1L and TALI interact with each
other in a manner similar to how TANGO1L interacts
with cTAGE5, a short splicing variant of TALI (13).
These results suggest that long isoforms of TANGO1-
family proteins might be evolved to serve as cargo re-
ceptors, specifically for large cargoes.

TANGO1 Tethers ERGIC Membranes for a
Large Cargo Transport

Sly1, an SM family protein which is thought to regulate
SNARE-mediated vesicle fusion process, was crosslinked
to TANGO1. Further analysis indicated that sly1 is
required for collagen export from the ER (19). These
results prompted to identify SNARE proteins required
for collagen export. Syntaxin18 and BNIP1 were identi-
fied as t-SNAREs localized to the ER and ykt6 was
identified as v-SNARE localized to ERGIC, and all
were required for collagen exit from the ER (19, 20).
Moreover, recent immunoprecipitation analysis suggests
that TANGO1’s cytoplasmic 40-amino acid region
termed the Tether for ERGIC at the ER (TEER)
domain interacts with the NRZ complex composed of
NAG (NBAS), RINT1 and ZW10, and the NRZ com-
plex is required for collagen secretion (21). The NRZ
complex has been known to act as a tether for retrograde
transport from ERGIC to ER in coordination with ER
SNARE proteins such as Syntaxin18 and BNIP. Thus,
these results indicate that an ERGIC to ER transport is
required for collagen export from the ER. Indeed, the
TEER domain is required for ERGICmembrane recruit-
ment. Taken together, it has been proposed that
TANGO1 recruits ERGIC membranes to form megacar-
riers which can accommodate collagens inside (Fig. 2C).

TANGO1 Forms Macromolecular Complexes
at the ER Exit Sites

Blue Native PAGE analysis was conducted to identify
a complex entity of TANGO1 and its binding proteins
(10). Blue Native PAGE is a method of electrophoresis
that relatively preserves complex entities, so that the
contents of molecular complexes can be identified.
TANGO1L migrates with cTAGE5 and Sec12 as a
900 kDa complex, whereas TANGO1S forms a 700 kDa
complex with cTAGE5 and Sec12. Silver staining indi-
cated that the complex formed does not include other
reported interactors, indicating that the other inter-
actions are weak and/or transient. Further investiga-
tion revealed that cTAGE5 has a capacity to form a
homo-multimer. Thus, mammalian cells possess two
membrane-spanning macro-molecular complexes at
the ER exit sites (Fig. 2A). Notably, cTAGE5 knock-
out mice possess embryonic lethal phenotype which is
more severe than that of the TANGO1L knockout
mice (22). These results indicate that cTAGE5 has
broader functions than TANGO1L alone. Thus, it
would be interesting to compare the phenotypes of
the cTAGE5 knockout and TANGO1L/TANGO1S
double knockout mice.
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Fig. 2 Models for large cargo secretion by TANGO1 family proteins.

(A) TANGO1L/cTAGE5/Sec12, TANGO1S/cTAGE5/Sec12 com-
plexes are localized to the ER exit sites. The complexes regulate the
Sar1 GTPase cycle to produce megacarriers for collagen secretion.
(B) TANGO1L/cTAGE5/Sec12 are copackaged with collagens into
megacarriers. (C) TANGO1 recruits ERGIC membranes by forming
a ring-like structure around the ER exit sites. TANGO1 might create
tunnels for the ER to Golgi cargo transport.
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TANGO1 Forms Rings Around the ER Exit
Sites

STED microscopic analysis of collagen-secreting cells re-
vealed that TANGO1 forms a ring-like structure around
the ER exit sites (23). Interestingly, the NRZ complex as
well as the TEER domains of TANGO1 are necessary
for TANGO1 ring formation (21). TANGO1 rings en-
circle COPII proteins and shrink when collagens are se-
creted. In addition, TANGO1 self-associates via the
TEER domain, possibly mediated by the NRZ complex.
Interaction with cTAGE5 is also required for proper
TANGO1 ring formation. These results indicated that
the TANGO1L/cTAGE5/Sec12 complex and the
TANGO1S/cTAGE5/Sec12 complex serve as core
units, and a rather loose association of TANGO1 itself
mediates the ring-like organization. Based on these re-
sults, a theoretical model has recently been proposed that
TANGO1 forms a linear filament that encircles around
COPII coats, which stabilize the neck of the nascent car-
rier (24). In addition, a recent hypothesis suggests that
TANGO1-mediated ER to ERGIC fusion might create a
tunnel between ER and Golgi, if ERGIC fuses with the
Golgi membrane before the fission of ER-derived vesicles
completed (Fig. 2C) (25).

TANGO1 Organizes the ER Exit Sites by
Recruiting Sec16

TANGO1S lacks collagen recognition motifs but is still
required for collagen export from the ER (10). These
results led us to investigate the role of TANGO1S in
secretion. Cells depleted of both TANGO1L and
TANGO1S showed not only blocked collagen secretion
but also a delay in general cargo secretion. Under these
conditions, the co-localization efficiency of Sec16 and
Sec31 is significantly reduced, indicating that COPII
proteins dissociate from each other. Further character-
ization revealed that TANGO1 directly interacts with
Sec16. Domain mapping revealed that the C-terminal 60
amino acid region of TANGO1, termed the SIR
domain, is required for Sec16 binding. Conversely, the
ER exit site localization domain of Sec16 is necessary
for TANGO1 interaction. TANGO1 mutants failed to
interact with Sec16 do not rescue the reduced co-local-
ization between Sec16 and Sec31. These results suggest
that the interaction between TANGO1 and Sec16 is
required for proper organization of the ER exit sites.
Sec16 has been known to interact with most of the
COPII proteins and thought to be an organizer or regu-
lator of the ER exit sites (26). However, Sec16 is a per-
ipheral membrane protein and, therefore, has to be
localized to the ER exit sites for executing its function.
We have discovered that localization of Sec16 to the ER
exit sites is mediated by its interaction with TANGO1.
In addition, localization of cTAGE5, and hence, Sec12,
to the ER exit sites is also dependent on the interaction
of cTAGE5 with TANGO1. These results suggest that
TANGO1 serves as an organizer of the ER exit sites in
cooperation with Sec16 (Fig. 3) (27). Interestingly,
Drosophila TANGO1, the only TANGO1 family pro-
tein in this species, has also been shown to organize ER
exit sites (28, 29). It has also been reported that

Drosophila TANGO1 is required for secretion of
bulky cargo, including collagen IV and Dumpy (29, 30).
These results suggest that Drosophila TANGO1 not
only organizes the ER exit sites but is also required
for a large cargo secretion. Conversely, in mammals,
TANGO1 family proteins divide up the roles; long iso-
forms TANGO1L and TALI, are specifically involved
in large cargo secretion, the short isoform TANGO1S,
in association with TANGO1L, is required for the ER
exit site organization by interacting with Sec16, and
the short isoform cTAGE5 and probably TALI are
required for concentrating Sec12 around the ER exit
sites for efficient Sar1 activation.

Concluding Remarks

It has been 10 years since TANGO1 was initially identified
as a cargo receptor for collagen VII (8). A considerable
amount of knowledge has been accumulated regarding the
functions of TANGO1 and its family proteins. Besides,
their clinical significance has been recently reported
(31�33). However, how these proteins act in a time-de-
pendent manner for initially assembling the ER exit sites
and secreting large cargo remains to be investigated.
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