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Abstract
The modular TRAPP complexes act as nucleotide exchangers to activate the Golgi Ypt/Rab
GTPases, Ypt1 and Ypt31/Ypt32. In yeast, TRAPP I acts at the cis-Golgi and its assembly and
structure are well characterized. In contrast, TRAPP II acts at the trans-Golgi and is poorly
understood. Especially puzzling is the role of Trs20, an essential TRAPP I/II subunit required
neither for the assembly of TRAPP I nor for its Ypt1-exchange activity. Mutations in Sedlin, the
human functional ortholog of Trs20, cause the cartilage-specific disorder SEDT. Here we show
that Trs20 interacts with the TRAPP II-specific subunit Trs120. Furthermore, the Trs20-Trs120
interaction is required for assembly of TRAPP II and for its Ypt32-exchange activity. Finally,
Trs20-D46Y, with a single-residue substitution equivalent to a SEDT-causing mutation in Sedlin,
interacts with TRAPP I, but the resulting TRAPP complex cannot interact with Trs120 and
TRAPP II cannot be assembled. These results indicate that Trs20 is crucial for assembly of
TRAPP II, and the defective assembly caused by a SEDT-linked mutation suggests that this role is
conserved.
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Introduction
Transport of secreted proteins begins at the endoplasmic reticulum (ER), progresses through
the Golgi apparatus, and proceeds toward the plasma membrane (PM) of the cell. At the
yeast Golgi, the Rab GTPases Ypt1 and the functionally redundant pair Ypt31/Ypt32 control
two transport steps, ER-to-Golgi and Golgi-to-PM, respectively (1–3). Like all Rabs, these
regulators are activated by guanine nucleotide-exchange factors (GEFs) that promote GTP
binding by the Rab and, thereby, transport progression. The GEFs for the Golgi Ypts are
alternative complexes of TRAPP subunits. One complex, TRAPP I, which contains at least
four small subunits, including Bet3, Bet5, Trs23 and Trs31, resides at the cis-Golgi and
activates Ypt1 (4–6). TRAPP II, which contains two essential subunits, Trs120 and Trs130,
in addition to all those comprising TRAPP I, localizes to the trans-Golgi and can activate
Ypt31/Ypt32 in vitro (5, 7). In addition to Golgi-to-PM, Ypt31/32 and TRAPP II also
regulate endosome-to-Golgi transport (8, 9). A third complex, TRAPP III, which contains
TRAPP I together with another subunit, Trs85, plays a role in autophagy (10–13).

Whereas the crystal structure of recombinant TRAPP I was solved (14, 15), much less is
known about the structure of the TRAPP II and TRAPP III complexes (16). We have
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previously shown that one of the non-essential but similar TRAPP subunits, Trs33 or Trs65,
is required for the attachment of Trs130 to TRAPP (17, 18). Currently, it is not clear how
Trs120 joins TRAPP.

Trs20, a small TRAPP subunit common to both TRAPP I and TRAPP II, is required for
yeast cell viability (5). Sedlin/SEDL/TRAPPC2 is the mammalian homolog of Trs20 and
can replace it in yeast (19). The three-dimensional structure of Sedlin was solved both
individually and in a sub-complex of TRAPP I that includes Sedlin-mBet3-mTrs31 (15, 20).
Mutations in Sedlin cause spondyloepiphyseal dysplasia tarda (SEDT), a recessive X-linked
cartilage-specific disorder associated with early onset of osteoarthritis, a degenerative joint
disease (21). Most mutations associated with this disease result in truncated proteins.
However, four different single substitution mutations were shown to cause SEDT. Three of
these mutations result in the substitution of amino acids that lie inside the folded protein,
and are hypothesized to disrupt proper folding. The fourth mutation, D47Y, is a substitution
of an amino acid that resides on the surface of the protein, but the defect caused by this
mutation is unknown (20).

Despite its medical significance, very little is known about the cellular function of Sedlin.
While Sedlin is ubiquitously expressed, it is predominant in developing chondrocytes, which
secrete large molecules like collagen. Therefore, it was proposed to play a role in transport
of large molecules from the ER (22, 23). However, until very recently it was unclear how
Sedlin contributes to this transport ((24), see Discussion). In addition, Sedlin was also
shown to interact with several transcription factors. However, the role of these interactions is
not clear, and, since the Sedlin-D47Y mutant protein is not defective in these interactions,
their disruption is probably not the cause of SEDT (25). Using immuno-precipitation (IP) of
transiently over-expressed TRAPP subunit pairs, Sedlin was shown to co-IP with TRAPPC8
(mTrs85) and TRAPPC9 (mTrs120), whereas the Sedlin-D47Y mutation results in reduced
interactions. Based on these observations, a role for Sedlin as an adaptor between the
TRAPP I core and the large subunits was proposed (26). However, neither a direct
interaction between Trs20/Sedlin and Trs120/TRAPPC9 nor a clear role for Sedlin in the
assembly of any TRAPP complex is currently established.

In yeast, the role that Trs20 plays in either TRAPP I or TRAPP II is not clear. While
originally identified as a TRAPP I/II subunit (5), Trs20 is not required for the assembly of
the core TRAPP I complex nor for its Ypt1-GEF activity in vitro (15). However, the fact
that Trs20 is essential for viability in yeast and is highly conserved indicates a vital role of
this subunit, as yet unknown. A deeper knowledge of Trs20 function would enhance our
understanding of how TRAPP complexes are involved in regulating transport, and may have
implications for disease treatment.

Here, we study the role of Trs20 in the assembly of the TRAPP II complex and the effect of
a mutation equivalent to Sedlin-D47Y, Trs20-D46Y, on this role. Using in vivo and in vitro
analyses of wild type and mutant Trs20 proteins, we show that Trs20 is required for
assembly of the TRAPP II complex. Furthermore, we show that the SEDT-associated Trs20-
D46Y mutant protein can join the TRAPP I complex, but this TRAPP is defective in the
interaction with Trs120. Together these results provide the first information regarding a
specific function of Trs20 in yeast and suggest that this role is conserved.

Results
Trs20 is required for the in vitro association of Trs120 and TRAPP I

Both Trs120 and Trs130 are required for TRAPP II function and GEF activity. We have
previously shown that in vivo Trs120 is required for the association of Trs130 with TRAPP
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I, but not vice versa (7). We also showed that one of the two non-essential TRAPP subunits,
Trs33 or Trs65, is required for association of Trs130, but not Trs120, to TRAPP I (17, 18).
Therefore, we proposed that the first step in the assembly of TRAPP II is the association of
the Trs120 subunit with TRAPP I, and this step is followed by Trs33/Trs65-dependent
association of Trs130. However, it is not clear which TRAPP I subunit is required for
interaction of Trs120 with this complex. To address this question, we reconstituted the
TRAPP I-Trs120 association in vitro using co-precipitation analyses.

TRAPP I subunits in different combinations were co-expressed from duet vectors in
bacteria. His6-tagged Trs120 was expressed separately. When core TRAPP I, which contains
the four subunits required for the Ypt1-GEF activity, was pulled down using GST-Bet5 and
glutathione beads, Trs120 did not co-precipitate with it. We have previously shown that
bacterially expressed Trs33 and Trs120 interact directly (18). However, in the context of
TRAPP I without Trs20, Trs33 does not interact with Trs120 (Figure 1, lane 7). Importantly,
when Trs20-HA was co-expressed with the core TRAPP I subunits, Trs120 co-precipitated
with the GST-Bet5 complex (>5%; Figure 1A, Lane 8). Moreover, in the presence of both
Trs20 and Trs33, Trs120 interaction with TRAPP I is further increased by ~2 fold (>10%;
Figure 1A, lane 9). The requirement of Trs20 for the association of Trs120 with TRAPP I
was verified using another tagged TRAPP I subunit, MBP-tagged Bet3, and amylose resin
precipitation. In this case too, Trs120 co-precipitated with Bet3-MBP only when Trs20 was
co-expressed with the TRAPP I core, and inclusion of Trs33 resulted in an increased co-
precipitation (>5% and >10%, Figure 1B, lanes 3 and 4, respectively). Finally, in a
reciprocal experiment, co-precipitation of TRAPP I with His6-Trs120 was determined using
Ni2+ resin. The TRAPP I subunit Trs31-myc co-precipitated with Trs120 only from bacterial
lysates co-expressing the TRAPP I core with Trs20, but not without Trs20 (Figure 1C, lanes
5 and 7). Together, these results strongly suggest that Trs120 interacts directly with the
TRAPP I complex, and that this interaction requires Trs20 and can be further enhanced by
Trs33.

A second Sedlin yeast homolog, Tca17/TRAPPC2L, was shown to interact with Trs130
using the yeast two hybrid assay and to co-precipitate with TRAPP from yeast lysates in the
presence of Trs33 or Trs65 (27–29). Although TCA17 is not essential for cell viability, we
wanted to test whether, like Trs20, Tca17 can mediate the Trs120 interaction with TRAPP.
Bacterially expressed Tca17 was shown to co-purify with the His6-tagged Bet3 and Trs31
heterodimer (29), however, co-purification of recombinant Tca17 with the core TRAPP I
complex has not been reported. S-tagged Tca17 was expressed in bacteria together with the
core TRAPP I subunits and Trs33 (see Figure 1). Whereas Trs23 was found in the GST-Bet5
pull down, Tca17 did not co-purify with the TRAPP complex and did not affect the co-
precipitation of Trs120 with the complex (Trs20 serves as a positive control in this
experiment; Figure S1B). Therefore, under our experimental conditions, recombinant Tca17
does not associate with the TRAPP complex and its relevance to the association of Trs120 to
TRAPP cannot be assessed in this assay.

Trs20 mutations cause defects in the cellular localization of TRAPP II-specific subunits
To explore the role of the Trs20 subunit of TRAPP in vivo, a temperature-sensitive trs20
mutant strain, hereafter called trs20ts, was used (29). The trs20ts mutant allele was
sequenced and it contains two amino acid alterations: V92A and F133S. This strain, along
with a wild-type control, was used in experiments to test the effect of this double mutation
on TRAPP complexes in yeast.

First, the effect of the trs20ts mutation on the cellular localization of TRAPP subunits was
determined. The TRAPP I/II subunit Bet3, and the two essential TRAPP II-specific subunits
Trs120 and Trs130 were tagged with GFP on the chromosome in wild type and trs20ts
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mutant strains. The localization patterns of these TRAPP subunits were determined using
live-cell microscopy in strains that also express RFP-tagged Golgi subunits. In wild type
cells, all three TRAPP subunits appear as puncta. When expressed in cells that also express
red Golgi markers, ~95% and 85% of the TRAPP II-specific subunits Trs120 and Trs130,
respectively, co-localized with the trans Golgi marker Chc1 (Figure 2, A–B). A lower
percentage of the TRAPP I/II subunit Bet3 co-localized with the trans Golgi marker Chc1
(~66%), and ~20% of the Bet3 co-localized with the cis Golgi marker COPI (Figure 3).

In trs20ts mutant cells, both the cis and trans Golgi markers, COPI and Chc1, respectively,
appeared normal at permissive and restrictive temperatures (Figure 2A–B; and Figure 3). In
contrast, the GFP-tagged TRAPP II-specific subunits Trs120 and Trs130 appeared diffuse in
trs20ts mutant cells already at permissive temperature (Figure 2A and B, respectively). The
GFP-tagged TRAPP I/II subunit Bet3 appears as puncta in trs20ts mutant cells even at their
restrictive temperature, with ~30% less Bet3 puncta in mutant cells when compared to wild
type cells. Importantly, in these mutant cells, the co-localization of GFP-Bet3 with the cis
and trans Golgi markers, COPI and Chc1, respectively, is changed even at permissive
temperature, with a higher proportion of Bet3 co-localizing with COPI and a lower
proportion with Chc1 (Figure 3 A and B, respectively). The diffuse pattern of GFP-tagged
Trs120 and Trs130 was not due to lower protein levels because, like Bet3-GFP, their level is
not reduced in trs20ts mutant cells (Figure 2C). Cell fractionation analyses of GFP-tagged
Trs120 and Trs130 from wild type and trs20ts mutant cell lysates showed reduction in the
levels of both subunits in the 100,000 × g pellet (P100) of mutant cell lysates (Figure S2),
which contains Golgi membranes (30). This result is in agreement with the microscopy
analysis. Together, the localization analysis of TRAPP subunits suggests that in trs20ts
mutant cells TRAPP II is not efficiently formed, whereas up to 50% of Bet3-containing
TRAPP accumulates in the cis Golgi (an increase from ~20%).

Trs20 mutations cause defects in TRAPP II assembly in vivo
The Trs120 and Trs130 localization defects in trs20ts mutant cells are highly reminiscent of
those previously published for the trs33ts and trs65ts strains, which are defective in TRAPP
II assembly (17, 18). To determine whether Trs20, like Trs33 and Trs65, is required for
TRAPP II assembly, the effect of the trs20ts double mutation on purified TRAPP II
composition and GEF activity was tested. TRAPP complexes were purified from lysates of
wild type and trs20ts mutant cells over-expressing GST-Bet5 in which Trs120 was tagged
on the chromosome with myc, or Trs130 with HA. We have previously shown that whereas
Trs120 can join TRAPP in the absence of Trs130, Trs130 requires Trs120 to join TRAPP
(7). The level of Trs120-myc is similar in lysates of wild type and trs20ts mutant cells grown
at 26 or 37°C (Figure 4A, top). TRAPP complexes were purified from these lysates using
GST pull down and the level of Trs120-myc that co-precipitated with these complexes was
determined by immuno-blot analysis. The level of Trs120 was significantly lower in GST-
Bet5 complexes purified from trs20ts lysates when compared to wild type lysates (~20 and
16% at 26 and 37°C, respectively, Figure 4A, bottom). The level of Trs130-HA was lower in
lysates of trs20ts mutant cells when compared to those of wild type cells (~50 and 45% at 26
and 37°C, respectively, Figure 4B, top). The fact that, unlike Trs130-HA, the level of
Trs130-GFP is not lower in trs20ts mutant cells (Figure 2C) might reflect the fact that the
GFP tag can stabilize proteins, and/or the effect of over-expressing GST-Bet5 in these
mutant cells. Whereas the level of Bet3 co-purified with GST-Bet5 from wild type and
trs20ts mutant cells was similar, the level of Trs130-HA co-purified with GST-Bet5 from
trs20ts cell lysates was significantly lower than that purified from wild type cell lysates (~18
and 14% at 26 and 37°C, respectively, Figure 4B, bottom). Together with the microscopy
data, these results indicate that assembly of the TRAPP II-specific subunits, Trs130 and
Trs120, with TRAPP is defective when Trs20 functionality is compromised. The
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observation that the level of Trs130-HA, but not Trs120, is lower in trs20ts mutant cells than
in wild type cells agrees with the idea that when Trs120 does not join TRAPP, Trs130 is
sensitive to degradation (7).

We have previously shown that TRAPP complexes purified from cells defective in TRAPP
II assembly can act as Ypt1 GEF, but not Ypt31/Ypt32 GEF (7). To determine whether this
is true also for TRAPP complexes purified from trs20ts mutant cells, the GEF activity of
GST-Bet5 purified complexes was assessed using a GDP-release assay. The Ypt1 GEF
activity of TRAPP complexes purified from trs20ts mutant cells is similar to that of
complexes purified from wild type cells. In contrast, the same complexes purified from
trs20ts cannot act as Ypt32 GEF under conditions in which wild type complexes can (Figure
4C). Collectively, these data strongly indicate that TRAPP II complex assembly, localization
and GEF activity are defective in trs20ts mutant cells, while the assembly and Ypt1 GEF
activity of TRAPP I complex is not affected.

SEDT-associated mutation in Trs20 results in a Trs120-TRAPP I interaction defect
The X-linked SEDT disorder is caused by mutations in Sedlin, the human homolog of
Trs20. The SEDT-linked Sedlin-D47Y mutation alters a residue conserved from yeast to
humans and was suggested to affect Sedlin’s interactions with mTrs85 and mTrs120 (26).
Furthermore, the mutant protein is stably expressed and localizes normally (22, 25). The
D47 residue lies on the surface of Sedlin, but away from domains known to interact with
other TRAPP subunits (Figure 5A), based on a crystal structure of the mouse proteins
Sedlin, Trs31, and Bet3 in complex (15). Therefore, we hypothesized that the D47Y
mutation disrupts interaction of Sedlin with hTrs120. To investigate the D47Y mutation of
Sedlin in more detail, we created a yeast strain containing the corresponding mutation,
D46Y in the yeast Trs20, as the sole copy of TRS20 in the cell. Growth analysis revealed
that this strain is temperature sensitive (Figure 5B), confirming that this residue is important
for Trs20 function in yeast.

The yeast two-hybrid assay was used to test whether the Trs20-D46Y mutant protein is
defective in the interaction with Trs120. In this assay, wild type Trs20 can interact with both
Trs120 and the TRAPP I/II subunit Bet3. The Trs20ts mutant protein, which contains the
two mutations in the trs20ts strain, V92A/F133S, failed to interact with both Trs120 and
Bet3, indicating that it is unable to bind its close neighbor in TRAPP I. Significantly, the
Trs20-D46Y mutant protein interacted with Bet3 as well as the wild-type Trs20 protein, but
completely lost interaction with Trs120 (Figure 5C). This result suggests that the Trs20-
D46Y mutant protein is able to assemble with TRAPP I, but is unable to bring Trs120 to the
complex.

This idea was tested using co-precipitation of recombinant proteins as described above
(Figure 1A), using different alleles of TRS20. When wild type Trs20 is co-expressed with
the core TRAPP I subunits, it precipitates with GST-Bet5 and allows the co-precipitation of
Trs120. In contrast, the Trs20-92A/F133S mutant protein, which confers temperature
sensitivity in trs20ts mutant cells, did not precipitate efficiently with the GST-Bet5 complex,
which also did not pull down Trs120 (Figure 5D, lane 9). This result is in agreement with
the yeast two-hybrid assay result and supports the idea that this double mutant Trs20 is
defective in both its interaction with TRAPP I and in the assembly of Trs120 with TRAPP.
As expected from the yeast two hybrid assay, the Trs20-D46Y mutant protein can assemble
with TRAPP I as efficiently as wild type Trs20, but was unable to allow Trs120 join this
TRAPP complex (Figure 5D, lane 8). These results support the idea that the D46 residue lies
on the surface of Trs20 that interacts with Trs120, and the D46Y mutation abolishes this
interaction, causing temperature sensitivity in yeast and maybe contributing to the SEDT
disorder in humans.
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To verify the Trs20-Trs120 interaction and the effect of the D46Y mutation in vivo, we used
the bimolecular-fluorescence complementation, BiFC, assay (31). Trs20 and Trs20-D46Y
were tagged with the N-terminal fragment of YFP, and Trs120 was tagged with the C-
terminal fragment of YFP. Yeast cells were transformed with plasmids expressing the two
tagged proteins. Fluorescence in the YFP channel indicates that the two tagged proteins are
physically interacting, thus bringing the two fragments of YFP into close proximity. BiFC
can be observed in cells expressing Trs120 with wild-type Trs20, but not with the Trs20-
D46Y mutant protein (Figure 6A). The expression of tagged Trs120, Trs20-WT, and Trs20-
D46Y was confirmed using immuno-blot analysis (Figure 6B). The co-localization of the
Trs20-Trs120 BiFC puncta with the cis and trans Golgi markers, COPI and Chc1,
respectively, was determined in cells expressing red Golgi markers. If the two subunits
interact to form TRAPP II, Trs20 and Trs120 should interact mostly on the trans Golgi.
Indeed, the Trs20-Trs120 BiFC puncta co-localize mostly with the trans Golgi marker Chc1
(~87%), with very little co-localization with the cis Golgi marker COPI (~10%; Figure 6C–
D). In contrast to the Trs20-Trs120 BiFC interaction, both Trs20-WT and Trs20-D46Y
interact with Bet3 in the BiFC assay. In this case Bet3 was tagged with the N-terminus of
CFP, and Trs20 and Trs20-D46Y were tagged with the C-terminus of CFP. The BiFC of
Bet3 with Trs20 and Trs20-D46Y could be observed in the CFP channel (Figure 5E). This
analysis further supports the idea that Trs20 interacts with Trs120 in vivo to form TRAPP II
on the trans-Golgi, and that the D46Y mutation disrupts this interaction, but not the
interaction of Trs20 with TRAPP I.

The effect of the trs20 mutations on the localization of the Golgi Ypts
We have previously shown that mutations that disrupt the TRAPP II complex, e.g., trs130ts,
trs65ts and trs33ts, result in diffuse Ypt31, but not Ypt1 (7, 17, 18). Because we show here
that Trs20 is required for TRAPP II assembly and Ypt32 GEF activity, we wished to test
whether the trs20 mutations, trs20-D46Y and trs20ts (V92A and F133S), also affect Ypt31
Golgi localization. GFP-Ypt1 or YFP-Ypt31 was expressed from CEN plasmids from their
own promoter and terminator in wild type, trs20-D46Y or trs20ts mutant cells. Whereas
Ypt1 puncta could be seen in all three strains, the Ypt31 puncta could only be seen in wild
type cells, but not in trs20 mutants (Figure 7). This result supports the idea that both trs20
mutant strains are defective in TRAPP II assembly, and, therefore, in the Ypt31/Ypt32 GEF
function in vivo.

Discussion
Here we show that Trs20 interacts with Trs120 and is required for incorporation of the latter
into the TRAPP complex. Furthermore, an alteration analogous to a SEDT-causing mutation
on the surface of Sedlin, D47Y, disrupts the interaction of Trs20 with Trs120 and the
attachment of Trs120 to TRAPP. The Trs20-Trs120 association and its disruption by the
SEDT-associated mutation were shown using three different approaches: yeast-two hybrid,
co-precipitation of recombinant proteins, and BiFC in live cells. The requirement of the
Trs20-Trs120 interaction for the assembly of TRAPP II was shown both in vitro and in vivo
using co-precipitation analyses from bacterial and yeast lysates as well as localization of
GFP-tagged TRAPP subunits and Golgi Ypts. Together, these results indicate that Trs20
plays a key role in the assembly of the TRAPP II complex in yeast. Moreover, the facts that
Sedlin is a functional homolog of Trs20 and that the SEDT-associated mutation specifically
affects the Trs20-Trs120 interaction suggest that this role is conserved.

TRAPP II assembly
Whereas the assembly and structure of the TRAPP I core complex are well documented, not
much is known about the larger TRAPP II complex. Currently, molecular structures of the
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TRAPP II-specific subunits are not available. Electron microscopy (EM) and gel filtration
analyses revealed that TRAPP II complexes purified from yeast lysates form dimers in
which the TRAPP II-specific subunits are sandwiched between two TRAPP I complexes.
However, the importance of TRAPP II dimerization is not clear, since it depends on the non-
essential TRAPP subunit Trs65 (27, 32), and currently there is no proof that this dimer exists
in vivo. Regardless, based on EM data, a recent space-filling model of TRAPP II depicts
Trs120 attached to the Trs33-end of TRAPP I, away from Trs20, as part of the bridge
between the two TRAPP I monomers (32) (Figure 8A). Another model assigns more
importance to the Tca17-Trs130 interaction in bridging the two TRAPP I monomers (27)
(Figure 8B). Both models are of TRAPP purified from yeast cell lysates, whose construction
depends on salt concentration and subunit composition (27, 33).

Our current data does not agree with either model. Therefore, we propose two other
alternative models for TRAPP II architecture. In both models, Trs120 interacts with Trs20
and Trs33. In one model, Trs120 bridges two anti-parallel TRAPP I complexes, directly
contacting Trs20 on one monomer and Trs33 on the other monomer. In this model, Trs120,
Trs130 and Trs65 could stabilize the dimer (Figure 8C). In the second model, Trs120
contacts Trs20 and Trs33 on one TRAPP I monomer; in this model a TRAPP II dimer could
be formed via Trs130 and Trs65 (Figure 8D). Both models are based on the Trs20-Trs120
interaction shown here, a previously shown interaction of Trs120 with the non-essential
subunit Trs33 (18), the dependence of Trs120 interaction with TRAPP I on Trs20, and the
enhancement of this interaction by Trs33. We have previously shown that the attachment of
the second essential TRAPP II-specific subunit, Trs130, requires Trs120, but not vice versa
(7). Therefore, we interpret the effect of the trs20ts mutation on the attachment of Trs130 to
TRAPP as an indirect effect of Trs120 absence. Trs130 also interacts with two non-essential
subunits, Trs65 and Tca17 (27). We suggest that whereas the Trs120-dependent attachment
of Trs130 to the complex is essential for TRAPP II function, its interaction with Trs65 and
Tca17 is not. With at least four models for TRAPP II architecture and the question of
whether dimerization is important for TRAPP II function, future studies should include both
high-resolution structure and in vivo analyses.

We suggest that TRAPP II is assembled by the addition of the TRAPP II-specific subunits to
TRAPP I. Based on our current and previous studies, we propose a mechanism for TRAPP
II assembly in which each step depends on the previous. The first step is association of
Trs20 and Trs33 to the TRAPP I core complex. The second step is the assembly of Trs120
with the TRAPP I complex, which is dependent on its interaction with Trs20 and is
stabilized by Trs33. This association, in turn, is necessary for the interaction of Trs130 with
the complex and thus for the assembly of TRAPP II (7). This third step in TRAPP II
assembly requires one of the non-essential subunits, Trs33 or Trs65 (18). An alternative
possibility is that a TRAPP II sub-complex that contains Trs120 and Trs130 attaches to
TRAPP I through the Trs20-Trs120 interaction and Trs33 stabilization. While a role for the
fully assembled TRAPP II complex in the trans-Golgi has been shown (5), it is not clear
whether any intermediate complexes play an independent role.

One open question concerning TRAPP II is the location of its assembly. TRAPP assembly
could occur either on the Golgi or before the TRAPP complexes attach to membranes. We
have proposed TRAPP conversion on the Golgi as a mechanism for coordination of entry
into and exit from the Golgi (7). Alternatively, TRAPP I and TRAPP II could assemble in
the cytoplasm independently before they attach to the appropriate Golgi cisterna.

Another unresolved question is the Ypt GEF substrate of TRAPP II. Currently there is
controversy whether TRAPP II acts as a GEF for Ypt1 or Ypt31/Ypt32 (14, 16). We have
shown that TRAPP II can act as a GEF for Ypt31/Ypt32 in vitro, and the function of Trs20,
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Trs120 and Trs130 are required for this activity (this study and (7)). The effects of TRAPP
mutations on the cellular localization of Ypts and genetic interactions support this idea (this
study and (7, 17, 18, 34)). However, direct demonstration as to which Ypt TRAPP activates
in vivo is still pending.

Implications for Sedlin and SEDT
We propose that the role of Trs20 in TRAPP II assembly is conserved with its human
counterpart, and that the SEDT-associated mutation D47Y in Sedlin causes a critical defect
in this role. This idea is based on the findings that the D47Y analogous mutation in Trs20
results in specific disruption of the Trs20-Trs120 interaction, but not of the interaction of
Trs20 with the TRAPP I core complex (Figures 5 and 6).

The idea that the role of Sedlin in TRAPP II assembly is conserved is further supported by
two pieces of evidence. First, Sedlin is a functional homolog of Trs20 (19), suggesting
conservation of essential interactions. Second, based on co-IP from transfected mammalian
cell lysates, a role for Sedlin was proposed in the association of the large TRAPP II and
TRAPP III subunits, TRAPPC9/mTrs120 and TRAPPC8/mTrs85, respectively, (26). Two
observations support the idea that the D47 residue of Sedlin is required for its interaction
with mTrs120, and therefore for mTRAPP II assembly. First, the finding that Sedlin with the
D47Y mutation cannot complement trs20Δ (19) suggests that this mutation disrupts a
conserved essential interaction. Second, the D47Y mutation causes a reduction in the co-IP
of Sedlin with TRAPPC9/mTrs120 (26).

The SEDT symptoms associated with of the D47Y substitution are similar to those of Sedlin
truncations (25). Therefore, if Sedlin-D47Y is defective in TRAPP II assembly, the most
straightforward explanation for the SEDT-related intracellular trafficking defects is that they
are caused by a TRAPP II assembly defect. However, it is possible that the D47 residue of
Sedlin is also required for interaction with a yet unknown Sedlin partner. While this paper
was in revision, a role for Sedlin in ER exit of large cargo, e.g., procollagen (PC), was
shown through its interactions with the PC receptor TANGO1 and the COPII vesicle
GTPase Sar1. The role of Sedlin information of “megacarriers”, but not of normal COPII
vesicles, is thought to precede its function in TRAPP-dependent Ypt/Rab activation, and
may explain the tissue-specific effects of the SEDT mutations (24). However, the effects of
the Sedlin-D47Y mutation on the interactions of Sedlin with either TANGO1 or Sar1 were
not determined.

Future Trs20/Sedlin Questions
Trs20 was originally identified as a TRAPP I/II subunit. However, to date there is no
evidence that it functions in the context of TRAPP I and it is not clear for which transport
step it is required. While a GALp shut-off analysis suggested that Trs20 is required for ER-
to-Golgi (5), it does not provide direct proof. We show here that Trs20 is required for
TRAPP II assembly and Ypt31 localization. Therefore, Trs20 is expected to play a role in
the trans Golgi. Evidence for a direct role for Trs20 in a specific transport step in yeast is
still missing.

Trs20 is essential for yeast cell viability and Sedlin is expressed ubiquitously in human cells.
Therefore, it is not clear why the effect of disruption of Sedlin function in humans is cargo
and tissue specific, affecting transport of large molecules like collagen (23). If the essential
function of Sedlin was to facilitate association of mTrs120 with mTRAPP, it would be
expected that disruption of Sedlin and mTrs120 would result in similar phenotypes.
However, whereas Sedlin mutations cause a cartilage-specific disease, mutations in
hTrs120/TRAPPC9 result in mental retardation (35–37). Therefore, additional roles for
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Sedlin and TRAPC9 are expected. Interestingly, both yeast and humans express a Trs20/
Sedlin paralog, Tca17/TRAPPC2L, important for TRAPP II assembly (27, 29). Future
studies should clarify the reason for diverse specific effects of TRAPP II subunit disruption
in humans.

Materials and Methods
Reagents

Yeast strains and plasmids used in this study are summarized in Tables S1 and S2,
respectively, and their construction is described in Supplementary Information. All reagents
were purchased from Thermo Fisher Scientific unless otherwise noted. Yeast nitrogen base
and yeast extract were purchased from US Biological. Amino acids, Triton X-100, and
antibiotics were purchased from Sigma. DTT was purchased from Biorad. Protogel for
acrylamide gels was purchased from National Diagnostics. EDTA-free Protease Inhibitor
Cocktail (PIC) was purchased from Roche. Antibodies used for this study include α-HA
(mouse, Cell Signaling), α-myc (mouse, Santa Cruz), α-GFP (mouse, Roche), α-His
(mouse, Clontech), α-G6PDH (rabbit, Sigma) α-GST (rabbit, Invitrogen), α-Gal4 binding
domain (rabbit, Santa Cruz), α-Bet3 and α-Trs20 (rabbit, generously provided by M.
Sacher).

Microscopy
Strains expressing Trs120, Trs130, or Bet3 tagged with GFP on the COOH-terminus on the
chromosome, as well as strains expressing GFP-tagged Ypt1 and Ypt31 from CEN
plasmids, were grown at 26° in synthetic dextrose medium to OD600 ≈1.5. For 37°C
microscopy, cells were shifted to a shaking 37°C water bath for 90 minutes. Cells were
visualized using a deconvolution Axioscope microscope (Carl Zeiss). For the Bi-molecular
Fluorescence Complementation (BiFC) assay, cells (NSY128) were transformed with two
plasmids expressing Trs120-YFP-C and YFP-N-Trs20 or YFP-N-Trs20-D46Y; or CFP-N-
Bet3 with CFP-C-Trs20 or CFP-C-Trs20-D46Y. Independent transformants were grown to
mid-log phase, and YFP or CFP fluorescence were visualized using a Zeiss Confocal LSM
700microscope.

Pull-down of yeast TRAPP complexes
Plasmids encoding either GST or GST-Bet5 were transformed into either wild type or
trs20ts mutant yeast strains. Cells were grown in synthetic media to OD600 ≈1 and induced
with 0.5 mM copper sulfate. Upon induction, cells were incubated at 26°C for 50 minutes,
followed by 70 minutes at 26° or 37°C. Cells were then harvested and frozen. For the
purification, cell pellets were resuspended in lysis buffer (50 mM Tris-HCl pH 7.5, 250 mM
NaCl, 10% glycerol, 4 mM MgCl2, 5 mM DTT, 2X PIC) at a concentration of ≈140 OD600
units/ml lysis buffer. 0.5 mm glass beads (Biospec Products) were then added to ≈30% total
volume, and cells lysed by vortexing. Triton X-100 was then added to 0.1%, and lysates
were incubated on ice for 15 minutes. Lysates were cleared at 3000 g for 10 minutes, and 1
ml of lysate was added to 120 µl Glutathione Sepharose 4B (GE) resin. Proteins were
allowed to bind for 2 hours at 4°C. The resin was then washed three times in wash buffer (50
mM Tris-HCl pH 7.5, 250 mM NaCl, 4 mM MgCl2, 10% glycerol, 3 mM DTT). Proteins
were eluted by boiling with 120 µl Laemmli buffer, and samples were run on 10%
acrylamide gels.

Protein level in yeast lysates
To compare the expression of yeast proteins for this study, 5 OD600 units of cells were
harvested for each sample. Each was resuspended in 10% TCA, and lysaed with glass beads
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in the presence of urea, as described previously (38), except that TCA was used at a final
concentration of 10%, and samples were vortexed with glass beads for 3 minutes.

Pull-down of recombinant TRAPP subunits
Plasmids encoding recombinant proteins were transformed into BL21 (DE3) E. coli. After
growing to OD600 ≈0.8, cells were induced with 0.4 mM IPTG at 26°C for 3 hours. Cell
pellets were re-suspended in lysis buffer (PBS, 10% glycerol, 1.5 mM DTT, PIC) at a
concentration of ≈70 OD600 units/ml lysis buffer and lysed by sonication. Lysates were
cleared at 2500 g for 15 minutes, and, when indicated, were further cleared at 100,000 g.
Three hundred µl of the cleared lysate was added to 50 µl of either Glutathione Sepharose
4B (GE), Ni-NTA Agarose (Qiagen), or Amylose Resin (NEB), depending on the
experiment. Proteins were bound for 60 minutes, and the resin was washed once with wash
buffer (PBS, 10% glycerol, 1 mM DTT), spinning at 400 g for 1 minute. For His-pull-
downs, imidazole was added to 10 mM in the lysis buffer, and 20 mM in the wash buffer.
400 µl of lysates containing binding partners or controls, prepared the same way as
described above, were then added to the resin and allowed to bind for 90 minutes, after
which the resin was washed 3 more times. Proteins were eluted by boiling in 40 µl Laemmli
buffer and samples were run on 10% acrylamide gels.

GDP-release assay
GDP-release assay, to determine GEF functionality, was done as described previously (39),
except using 11 pmol Ypt with 10 µg yeast pull-down product.

Yeast 2-hybrid
The pGBDU-C2 plasmids were transformed into NSY752; pACT2 plasmids were
transformed into NSY468. The haploid transformants were then mated, and the resulting
diploids spotted onto SD – Ura –Leu (for growth control), and SD –Ura -Leu –His + 3 mM
3AT (for detection of interaction), with one or two 10-fold serial dilutions, and incubated for
5 days at 26°C. Expression was confirmed by western blot analysis, probing with α-HA for
activation domain constructs and α-Gal4 for binding domain.

Cell growth assay
Strains of TRS20Δ expressing Trs20 wild type, Trs20-D46Y, or Trs20ts from pRS315 were
spotted onto YPD plates with two 10-fold serial dilutions, and incubated for 3 days at 26° or
39°C.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Trs20 is required for interaction of Trs120 with recombinant TRAPP I
A. Pull down of His6-Trs120 with GST-Bet5 purified complexes. GST was pulled down,
using glutathione sepharose resin, from lysates of bacteria expressing core TRAPP I (GST-
Bet5, Trs23-S, Trs31-myc, and Bet3-MBP), core TRAPP I plus Trs33 (His6-Trs33), core
TRAPP I plus Trs20 (Trs20-HA), or core TRAPP I plus Trs20 and Trs33. Cleared lysate
(S100) from different bacterial cells expressing His6-Trs120 was then incubated with the
resin and the level of proteins associated with the resin after precipitation was determined
using immuno-blot analysis and antibodies against the tags (Trs120, Bet5, Trs33, Trs20) or
the protein (Bet3). Trs120 co-purifies with GST-Bet5 complex (>5%), but not with GST,
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and only in the presence of Trs20. More Trs120 co-purifies with TRAPP when Trs33 is
present (>10%). The expression levels of the different proteins in lysates are shown on the
left (10% input for the Trs120 lysate). The full anti-His6 immuno-blot is shown in Figure
S1A. B. Pull down of His6-Trs120 with Bet3-MBP purified complexes. Binding of His6-
Trs120 TRAPP I was determined as in part A (using the same lysates), except that amylose
resin was used to pull down Bet3-MBP within the core TRAPP I complex. Trs120 co-
purifies with TRAPP I only in the presence of Trs20 (>5%), and this level is higher in the
presence of Trs33 (>10%). C. Pull down of core TRAPP I with His6-Trs120. Lysates from
bacteria expressing His6-Trs120, or empty plasmid (θ) as a negative control, were purified
on Ni2+ resin. The resin was then incubated with lysates from cells expressing either core
TRAPP I, or core TRAPP I plus Trs20-HA. The level of proteins associated with the resin
after precipitation was determined using immuno-blot analysis and antibodies against the
tags. TRAPP I, scored by the level of Trs31-myc, co-purified with Trs120, but not with the
empty plasmid control, and only in the presence of Trs20. In A–C, asterisks indicate the
tagged protein being bound directly to the resin. Results in this figure are representative of at
least two independent experiments.
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Figure 2. The trs20ts mutation affects the cellular localization of TRAPP II-specific subunits
(A) The TRAPP II-specific subunit Trs120, and the trans Golgi marker Chc1, were tagged
on the chromosome at their C-termini with GFP and RFP, respectively, in wild type
(NSY1471) and trs20ts (NSY1472) yeast strains. Cells were grown to mid-log phase, and
were either left at 26° or shifted to 37° for 90 minutes. GFP and RFP were visualized by
live-cell deconvolution microscopy. From left to right: DIC, RFP, GFP, and merge (arrows
indicate co-localization). Percent co-localization of GFP with RFP was determined (a total
of 64 cells were visualized in two independent experiment for each set; NA: not applicable).
In wild-type cells, ~95% of Trs120 co-localizes with Chc1. In trs20ts mutant cells, Trs120,
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but not Chc1, loses its punctate localization pattern even at the permissive temperature. B.
The TRAPP II-specific subunit, Trs130, and the trans Golgi marker, Chc1, were tagged on
the chromosome at their C-termini with GFP and RFP, respectively, in wild type and trs20ts
yeast strains. The experiment was done as described above (panel A). In wild-type cells,
~85% of Trs130 co-localizes with Chc1. In trs20ts mutant cells, Trs130, but not Chc1, loses
its punctate localization pattern even at the permissive temperature. C. The protein levels of
Trs120-GFP, Trs130-GFP, and Bet3-GFP were compared in lysates from wild type and
trs20ts mutant cells expressing GFP-tagged endogenous TRAPP subunits and probing the
samples with α-GFP antibodies, or α-G6PDH as a loading control, using immuno-blot
analysis. The protein levels of Trs120, Trs130 and Bet3 in trs20ts mutant cells are similar to
those seen in wild type cells. Results in this figure are representative of at least two
independent experiments. Scale bar, 5 µm.
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Figure 3. The trs20ts mutation affects the distribution of the TRAPP I/II subunit Bet3 between
the cis and trans Golgi
(A) The TRAPP I/II subunit Bet3, and the cis Golgi marker COPI, were tagged on the
chromosome at their C-termini with GFP and m-Cherry, respectively, in wild type
(NSY1471) and trs20ts (NSY1472) yeast strains. Cells were grown to mid-log phase, and
were either left at 26° or shifted to 37° for 90 minutes. GFP and mCherry were visualized by
live-cell deconvolution microscopy. From left to right: DIC, mCherry, GFP, and merge
(arrows point to co-localized puncta; arrowheads point to Bet3-GFP puncta that do not co-
localize with the red cis Golgi marker). Percent co-localization of GFP with m-Cherry was
determined (a total of 64 cells were visualized in two independent experiment for each set;
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NA: not applicable). In wild-type cells, ~20% of Bet3 co-localizes with COPI. In trs20ts
mutant cells, the co-localization of Bet3 with COPI is higher even at the permissive
temperature. B. The TRAPP I/II subunit, Bet3, and the late Golgi marker, Chc1, were tagged
on the chromosome at their C-termini with GFP and RFP, respectively, in wild type and
trs20ts yeast strains. The experiment was done as described above (panel A). From left to
right: DIC, RFP, GFP, and merge (arrows point to co-localized puncta; arrowheads point to
Bet3-GFP puncta that do not co-localize with the red trans Golgi marker). In wild-type cells,
~65% of Bet3 co-localizes with Chc1. In trs20ts mutant cells, the co-localization of Bet3
with Chc1 is decreased even at the permissive temperature. Results in this figure are
representative of at least two independent experiments. Scale bar, 5 µm.
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Figure 4. TRAPP purified from trs20ts mutant cells does not contain TRAPP II and does not act
as a Ypt32 GEF
A. The protein level of Trs120-myc is significantly lower in purified TRAPP complexes, but
not in lysates, from trs20ts when compared to wild type cells. GST-Bet5 and GST, as a
negative control, were over-expressed in wild type (NSY1471) and trs20ts (NSY1472)
mutant cells also expressing endogenously tagged Trs120-myc. Cells grown to mid-log
phase were either left at 26° or shifted to 37° for 70 minutes and then harvested. Cell lysates
were prepared and GST-Bet5 complexes were purified on glutathione sepharose resin. The
level of Trs120-myc was determined in lysates (top) and pull-downs (bottom) using
immuno-blot analysis; G6PDH level was used as a loading control for lysates; GST-Bet5
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and GST levels are used for the pull down yield. B. The protein level of Trs130-HA is
significantly lower in lysates and TRAPP complexes purified from trs20ts when compared
to wild type cells. Same as in panel A, except that cells were expressing endogenously
tagged Trs130-HA, and the pull-down of the TRAPP I/II subunit Bet3 was verified using
anti-Bet3 antibodies. The partial degradation of over-expressed GST-Bet5 in trs20ts mutant
cells in likely due to the instability of TRAPP complexes in these cells. For panels A and B,
the level of Trs120-myc or Trs130-HA was quantified and shown under the immuno-blots as
percent of wild type cells. Protein level in lysates was corrected for the loading control,
while in pull downs it was corrected for the full-length GST-Bet5; +/− represents SEM; P
values are shown on the right (values <0.05 represent significant difference). C. TRAPP
complexes purified from trs20ts mutant cells can act as GEF for Ypt1, but not Ypt32.
TRAPP complexes were purified from the strains shown in panel B, except that GST-
purified complexes were eluted from the glutathione resin with glutathione. Eluates were
used in a GDP-release assay with Ypt1 or Ypt32 as substrates to determine GEF
functionality. Error bars represent std. dev. Results in this figure are representative of at least
two independent experiments.

Taussig et al. Page 21

Traffic. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5. The effect of the V92A-F133S and D46D mutations on Trs20 interactions
A. The disease-causing mutation D47Y resides on the Trs20/Sedlin surface not in contact
with TRAPP I. The positions of the Trs20/Sedlin mutations used in this study are shown on
the crystal structure of the mouse Sedlin (brown) in complex with mTrs31 (yellow) and
mBet3 (green), as published by (15). Shown are D47 and the two residues mutated in
trs20ts: V92 and F133 in yTrs20 correspond to V64 and F98 in Sedlin, the latter two reside
in two different Trs20/Sedlin domains. B. The trs20-D46Y mutation causes a growth defect
in vivo. TRS20 was deleted from the chromosome in cells expressing Trs20 – wild type,
Trs20ts or Trs20-D46Y – from CEN plasmids. Growth was determined on YPD plates at
26° and 39°C. Rows represent 10-fold serial dilutions from top to bottom. C. Wild type
Trs20, but not the Trs20-D46Y or Trs20-V92A-F133S mutants, interacts with Trs120 in the
yeast two-hybrid assay. Growth control is shown in the left panel, and interaction, measured
by growth on the SD-Ura –Leu –His plate, is shown in the right panel. Trs20-V92A-F133S,
but not Trs20-D46Y, is defective also in the interaction with the TRAPP I/II subunit, Bet3.
D. His6-Trs120 interacts with a TRAPP I complex containing wild type Trs20, but not
D46Y or Trs20-V92A-F133S. GST pull-down was done as described for Figure 1A. Lysate
from bacteria expressing His6-Trs120 was added to glutathione resin bound to TRAPP
complexes purified from bacteria expressing (from left to right): core TRAPP I, core
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TRAPP I plus wild type Trs20, core TRAPP I plus Trs20-D46Y, or core TRAPP I plus
Trs20-V92A-F133S. Levels of proteins precipitated with GST-Bet5 were determined using
immuno-blot analysis and antibodies against the tags. Results in panels B-D are
representative of at least two independent experiments.
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Figure 6. In Vivo interactions with Trs20 on the trans-Golgi
A. Trs120 interacts with wild type Trs20, but not with Trs20-D46Y, in the BiFC assay. Wild
type cells (NSY128) were transformed with two plasmids, one expressing Trs120-YFP-C
and the other expressing YFP-N-Trs20 or YFP-N-Trs20-D46Y. Interaction was determined
by YFP fluorescence, which was seen only in cells co-expressing Trs120 and wild type
Trs20, but not Trs20-D46Y. Representative cells are shown: YFP (top), DIC (bottom) (see
quantification in F). B. Expression of Trs120-YFP-C was confirmed using immuno-blot
analysis and anti-GFP antibody (top), and expression of YFP-N-Trs20, wild type and D46Y,
was confirmed using immuno-blot analysis and anti-Trs20 antibody (bottom; endogenous
Trs20, bottom band; * nonspecific band). C–D. Co-localization of the Trs120-Trs20 BiFC
puncta with the trans-Golgi marker Chc1 (C), and the cis-Golgi marker CopI (D). Cells
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expressing RFP-tagged Golgi markers from their endogenous locus were transformed with
Trs120-Trs20 (wt) BiFC plasmids (panel A). Whereas 87% of the BiFC puncta co-localize
with Chc1, about 10% co-localize with CopI. E. Bet3 interacts with both Trs20 and Trs20-
D46Y in the BiFC assay. Wild type cells (NSY128) were transformed with two plasmids,
one expressing CFP-N-Bet3 And the other expressing CFP-C-Trs20 Or CFP-C-Trs20-
D46Y. Interaction was determined by CFP fluorescence seen in cells co-expressing Bet3 and
Trs20 or Trs20-D46Y. F. Quantification of the BiFC interaction of Trs20, wt and D46Y,
with Trs120 (panel A), or with Bet3 (panel E). Scale bar, 5 µm, arrows show co-localization,
n = number of cells. Results in are representative of at least two independent experiments.
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Figure 7. The trs20ts and trs20-D46Y mutations affect Ypt31, but not Ypt1, cellular localization
Wild type, trs20ts, and trs20-D46Y mutant cells (NSY1555–1557) were transformed with a
CEN plasmid expressing yEVenus-Ypt1 (A) or yEGFP-Ypt31 (B) from their own promoter
and terminator, both functional as a single copy. Cells were visualized by live-cell
deconvolution microscopy. Ypt1 puncta can be seen in wild type, trs20-D46Y and trs20ts
mutant cells. In contrast, Ypt31 puncta are disrupted in trs20ts and trs20-D46Y mutant cells.
Fluorescence in the YFP/GFP channel is shown at the top and DIC at the bottom. Scale bar
5 µM; n: number of cells visualized in two independent experiments.
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Figure 8. Models of TRAPP II complex architecture
Shown are schemes of four possible models for TRAPP II complex structure. In all schemes,
TRAPP II is depicted as a dimer, with TRAPP II-specific subunits sandwiched between two
TRAPP I complexes (32). The structure of Trs20-containing TRAPP I was manually
outlined loosely based on crystal structures of TRAPP sub-complexes (15). We have shown
that Trs65 (17), Trs33 (18), and now Trs20, are important for assembly of the TRAPP II-
specific subunits Trs120 and Trs130 with TRAPP I. A. Subunit organization in this scheme
is based on space-filling EM images (32). It depicts Trs120 interacting with Trs33 and Bet3,
whereas Trs130 interacts with Trs20, and Trs65 bridges the two TRAPP I monomers. B.
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This scheme is drawn based on Choi et al. (27), and includes Tca17. Here, Trs130 interacts
with Tca17 in TRAPP I, Trs65 bridges between the two TRAPP I complexes, and Trs120 is
sandwiched in the center. C. In this model Trs120 interacts with Trs20 and Trs33 on two
different TRAPP I monomers. Together with Trs65 and Trs130, Trs120 bridges between the
two parts of the TRAPP II dimer. D. In this model Trs120 interacts with Trs20 and Trs33 on
the same TRAPP I monomer. In this scenario, Trs65 and Trs130 are important for the
formation of the TRAPP II dimer. Data presented here and in our previous paper (18) are in
agreement with models C and D, but not with Models A and B.
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