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Ypt1p regulates vesicle tethering and fusion events from the ER to the Golgi and through the early
Golgi. Genetic studies have suggested a functional relationship between Ypt1p and Ypt31p/
Ypt32p. Ypt31p and Ypt32p are a pair of functionally redundant GTPases that act after Ypt1p to
mediate intra-Golgi traffic or the budding of post-Golgi vesicles from the trans-Golgi. Here we
report that a novel Ypt32p exchange factor is a putative effector of Ypt1p. These findings implicate
small GTP-binding proteins of the Ypt/Rab family in a signal cascade that directs membrane
traffic through the secretory pathway.

INTRODUCTION

Newly synthesized secretory proteins are translocated into
the ER and then transported to the plasma membrane via the
Golgi apparatus by carrier vesicles. Intracellular vesicle traf-
fic requires an efficient mechanism to direct vesicles to their
appropriate target compartment. The Ypt/Rab family of
Ras-related small GTP-binding proteins are involved in the
regulation of protein transport through the different steps of
the exocytic pathway (Pfeffer, 2001; Zerial and McBride,
2001). The Saccharomyces cerevisiae genome encodes 11 Ypt/
Rab proteins (Lazar et al., 1997). Ypt1p, the ortholog of the
mammalian small GTP-binding protein Rab1, acts in both
ER-to-Golgi and intra-Golgi traffic (Bacon et al., 1989; Baker
et al., 1990; Plutner et al., 1990; Tisdale et al., 1992; Jedd et al.,
1995), whereas Ypt31p and its functional homologue Ypt32p
have been implicated in traffic through and from the Golgi
(Benli et al., 1996; Jedd et al., 1997).

Ypt/Rab proteins function as molecular switches by cy-
cling between an inactive GDP-bound and active GTP-
bound conformation (Novick and Zerial, 1997). This cycle of
activation and inactivation is regulated by guanine nucleo-
tide exchange factors (GEFs) and GTPase-activating proteins
(GAPs). GEFs promote GDP dissociation and GTP uptake,
which converts Ypt/Rab proteins to their active form. A
nucleotide exchange activity for Ypt1p located on Golgi
membranes (Jones et al., 1998) is essential for Ypt1p medi-
ated fusion events (Jones et al., 1995). Recently, we have
demonstrated that this Ypt1p exchange factor is TRAPP, a
highly conserved multiprotein complex that peripherally

associates with the Golgi (Sacher et al., 1998; Barrowman et
al., 2000; Wang et al., 2000).

There are two forms of the TRAPP complex, TRAPP I and
TRAPP II. The two TRAPP complexes share seven subunits
(Bet5p, Trs20p, Bet3p, Trs23p, Trs31p, Trs33p, and Trs85p),
whereas three subunits (Trs65p, Trs120p, and Trs130p) are
unique to TRAPP II. Although both complexes localize to
the same early Golgi compartment, mutational analysis and
in vitro transport studies have revealed they mediate differ-
ent transport steps. TRAPP I is required for the tethering of
ER-derived COP II vesicles to the Golgi, whereas TRAPP II
has been implicated in Golgi traffic (Sacher et al., 2001). Both
forms of TRAPP, TRAPP I and TRAPP II, can exchange
nucleotide on Ypt1p. The finding that Ypt1p is activated by
two distinct but related exchange factors explains how this
small GTP-binding protein acts in two different transport
events (Wang et al., 2000; Sacher et al., 2001). In addition to
Ypt1p, TRAPP was also reported to act as an exchange factor
for Ypt31p/32p (Jones et al., 2000).

In their active GTP-bound state, Ypt/Rab proteins interact
with downstream effectors that control the targeting, dock-
ing and fusion of transport intermediates with their appro-
priate acceptor compartments (Guo et al., 2000; Somsel and
Wandinger-Ness, 2000). Here we report that a novel Ypt32p
exchange activity is a putative effector of Ypt1p. Further-
more, we show that TRAPP is the major exchange factor for
Ypt1p, but not Ypt32p. Our findings imply that small GTP-
binding proteins of the Ypt/Rab family may act in a signal
cascade to direct membrane traffic.

MATERIALS AND METHODS

Purification of TRAPP
TRAPP was purified from a strain in which the sole copy of Trs33p
was TAP tagged (Sacher et al., 2001). Approximately 10,000 OD599
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units of cells were washed and lysed with a bead beater in 70 ml of
buffer I (20 mM HEPES, pH 7.2, 150 mM NaCl). The salt concentra-
tion was adjusted to 300 mM before centrifugation at 25,000 � g for
20 min, and the supernatant was incubated with 0.4 ml of IgG-
Sepharose beads (Amersham Biosciences, Piscataway, NJ) for 2 h.
The beads were first washed with IPP150 buffer (10 mM Tris, pH 8.0,
150 mM NaCl) and then TEV buffer (10 mM Tris, pH 8.0, 150 mM
NaCl, 0.5 mM EDTA, 1 mM DTT) and incubated with 700 U of the
TEV protease (GIBCO BRL Product, Rockville MD) at room tem-
perature for 2 h. The released TRAPP was bound to 0.3 ml of
calmodulin affinity resin (Stratagene, La Jolla, CA) in binding buffer
(10 mM Tris, pH 8.0, 150 mM NaCl, 1 mM Mg(OAc)2, 1 mM
imidazole, 2 mM CaCl2, 10 mM 2-mercaptoethanol). The beads were
washed with binding buffer and buffer II (50 mM Tris, pH 8.0, 5 mM
MgCl2, 2 mM CaCl2, 1 mM ATP, 1 mM DTT, 1 mg/ml BSA) and
then resuspended in uptake buffer (50 mM Tris, pH 8.0, 5 mM
MgCl2, 1 mM EDTA, 1 mM ATP, 1 mM DTT, 1 mg/ml BSA) and
aliquoted into six equal portions for the nucleotide exchange assay.

Protein A (PrA)-tagged TRAPP was purified as described before
(Wang et al., 2000).

Preparation of TRAPP-depleted Cytosol
TRAPP was depleted from cytosol prepared from a strain in which
the DSS4 gene was disrupted. DSS4 was disrupted by replacing the
ORF with the HIS3 gene. Briefly, a hybrid sequence containing the
HIS3 gene, flanked by part of DSS4, was amplified by PCR from
plasmid pFA6a-His3MX6 (Longtine et al., 1998). This product was
then transformed into SFNY1086 (MAT� ura3-52 BET3�::URA3 leu2-
3,112, BET3-protein A::LEU2, his3-�200) and Ura� Leu� His� colo-
nies were selected and purified. The disruption of DSS4 was con-
firmed by PCR, and one of the transformants was named SFNY1088
(MAT� ura3-52 BET3�::URA3 leu2-3,112 BET3-protein A::LEU2, his3-
�200, DSS4�::HIS3).

To deplete TRAPP from cytosol prepared from SFNY1088, 1000
OD599 units of cells were converted to spheroplasts as described
before (Sacher et al., 2000) and lysed with a Wheaton dounce ho-
mogenizer in 5 ml of buffer containing 20 mM HEPES, pH 7.2, 150
mM NaCl, 1 mM DTT, and 1� protease inhibitor cocktail (PIC;
Waters and Blobel, 1986). The lysate was centrifuged at 60,000 � g
for 30 min, and 15.5 mg of the supernatant was incubated overnight
with 0.1 ml of packed IgG-Sepharose beads. The beads were spun,
and the supernatant was incubated two more times with 0.1 ml of
fresh beads for 4 h. The same amount of supernatant was mock
treated with Sepharose 4B (Sigma, St. Louis, MO) in the same way.
The presence of TRAPP subunits in cytosol was detected by West-
ern blot analysis using the ECL method.

Nucleotide Exchange Assays
The GTP uptake and GDP dissociation assays were performed as
described in Wang et al. (2000). In the GTP uptake assay, 5 pmol of
recombinant (His6)-Ypt1p or (His6)-Ypt32p, produced in Escherichia
coli, was incubated at room temperature in uptake buffer with an
aliquot (50 �l) of calmodulin-coated agarose beads � TRAPP. As-
says were performed in the presence of 5 pmol of [35S]GTP�S (NEN
Life Science Products, Boston, MA) for the indicated times (see
Figure 1). The exchange reaction was stopped by adding 1 ml of ice
cold stop buffer (20 mM Tris, pH 8.0, 25 mM MgCl2) and filtered
through a nitrocellulose filter (Millipore, Bedford, MA). The filter
was washed three times with 3 ml of the stop buffer and then dried.
The radioactivity bound to the filter was counted in a scintillation
counter.

The GDP dissociation assay was performed in the same way with
the following modifications. Ypt1p (2 mM) or Ypt32p (2 mM) was
preloaded with 12 mM of [8�-3H]GDP (Amersham Biosciences) at
30°C for 15 min in preloading buffer (20 mM HEPES, pH 7.2, 5 mM
EDTA, 1 mM DTT). At the end of the incubation, 10 mM MgCl2 was
added to each assay. [3H]GDP-Ypt1p (5 pmol) or [3H]GDP-Ypt32p

(5 pmol) was incubated at 30°C in release buffer (20 mM HEPES, pH
7.2, 5 mM MgCl2, 1 mM DTT, 0.75 mM GTP, 0.75 mM GDP, 1
mg/ml BSA) with 0.61 pmol of PrA TRAPP, or 14 mg/ml lysate, or
an aliquot of glutathione agarose (80 �l) coated with GST-Ypt1p or
GST for varying periods of time.

In Vitro Binding to Ypt1p-GTP�S
Recombinant GST-Ypt1p and GST-Ypt51p were purified from 1 liter
of E. coli (BL21). Expression was induced during a 15-h incubation
at 20°C by the addition of IPTG (1 mM). The fusion protein was
bound to 0.6 ml of glutathione Sepharose (Amersham Biosciences)
according to the manufacturer’s protocol and stored in phosphate-
buffered saline (PBS) with 5 mM MgCl2. Beads bound with 4 mg of
GST-Ypt1p or GST-Ypt51p were washed with buffer A (PBS plus 0.5
mM MgCl2, 1 mM DTT, 1 mg/ml BSA, and 1� PIC) containing 10
�M GTP�S or with buffer B (PBS plus 5 mM MgCl2, 10 mM EDTA,
1 mM DTT, 1 mg/ml BSA, and 1� PIC) containing 10 �M GDP. The
beads were then incubated with buffer A in the presence of 1.5 mM
GTP�S or buffer B in the presence of 1.5 mM GDP for 30 min at room
temperature. The washes and incubations were repeated once more
before the beads were washed with buffer C (PBS plus 10 mM
MgCl2, 1 mM DTT, 1 mg/ml BSA) containing 0.2 mM GTP�S or
GDP.

A wild-type yeast lysate (SFNY26-3a, MATa ura3-52) was pre-
pared by converting 15,000 OD599 units of cells to spheroplasts and
lysing the spheroplasts in 100 ml of lysis buffer (20 mM HEPES, pH
7.2, 100 mM NaCl, 10 mM MgCl2, 1% Triton X-100, 1 mM DTT, and
1� PIC) with a Wheaton dounce homogenizer. The lysate was
centrifuged at 18,000 � g for 15 min, and 1 g of the supernatant was
incubated with GST-Ypt1p or GST-Ypt51p, prepared as described
above, for 2 h at 4°C in the presence of 0.2 mM GTP�S or GDP. The
beads were then washed sequentially with buffer C containing 10
�M GTP�S or 10 �M GDP and buffer D (20 mM HEPES, pH 7.2, 5
mM MgCl2, 1 mM DTT, 1 mg/ml BSA) containing 0.75 mM GTP or
GDP, resuspended in release buffer and aliquoted into five equal
portions for nucleotide exchange assays.

Figure 1. Chemically pure TRAPP stimulates GTP�S uptake onto
Ypt1p but not Ypt32p. TRAPP was purified by affinity purification
from a strain in which Trs33p was TAP tagged. Calmodulin agarose
beads with or without TRAPP were incubated with 5 pmol of Ypt1p
or Ypt32p at room temperature in the presence of [35S]GTP�S. At the
time intervals indicated, radioactivity that bound to protein was
measured by the filter-binding assay described in MATERIALS
AND METHODS. The data are expressed as picomoles of GTP�S
retained on the filter.
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Cell Fractionation and Elution of Ypt32p Exchange
Activity
Approximately 1000 OD599 units of SFNY1088 or SFNY26-3a cells
were converted to spheroplasts as described by Sacher et al. (2000)
and lysed in 10 ml of lysis buffer (20 mM HEPES, pH 7.2, 5 mM
MgCl2, 1 mM DTT, and 1� PIC). The unbroken cells were removed
during a 5-min spin at 500 � g, and the supernatant (lysate) was
centrifuged at 12,000 � g for 10 min. The pellet (P12) was resus-
pended in lysis buffer (1⁄10 of the initial volume), and the supernatant
(S12) was centrifuged at 100,000 � g for 1 h to obtain S100 and P100
fractions. The P100 fraction was resuspended in lysis buffer (1⁄10 of
the initial volume) and incubated for 1 h on ice with an equal
volume of lysis buffer with or without 1 M NaCl. The mixture was
centrifuged at 100,000 � g for 1 h, and the supernatant was assayed
for exchange activity.

Purification of Uso1p
Uso1p was purified from SFNY779 (MAT a ura3-52 pUSO1-myc [2
�m, URA3]) as described before (Barlowe, 1997) with the following
minor modifications. Cytosol was loaded onto a Mono Q HR10/10
column (Amersham Biosciences), and the column was eluted with a
20-ml linear salt gradient (0.5–2 M KOAc). Fractions of 0.5 ml were
collected, and the presence of Uso1p in each fraction was detected
by Western blot analysis with 9E10 mAb. The peak of Uso1p from
the Mono Q column was applied to a Superdex-200 gel filtration
column, and the fractions containing Uso1p were pooled and con-
centrated.

RESULTS

Chemically Pure TRAPP Stimulates Guanine
Nucleotide Exchange on Ypt1p but not Ypt32p
We previously reported that TRAPP is an exchange factor
for Ypt1p (Wang et al., 2000). Subsequently, TRAPP was also
reported to be an exchange factor for Ypt32p (Jones et al.,
2000). In these earlier studies, partially purified preparations
of TRAPP were assayed for exchange activity. Thus, it is
formally possible that one or both of these activities is the
consequence of a contaminant in these preparations. To
directly compare the exchange activity of TRAPP on Ypt1p
and Ypt32p, we purified TRAPP by tandem affinity purifi-
cation from a yeast strain containing TAP-tagged Trs33p.
Briefly, the two forms of TRAPP were recovered from ex-
tracts by affinity absorption onto IgG-Sepharose beads. TEV
protease was then added to release the bound material, and
the eluate was incubated with calmodulin-coated agarose
beads. This second affinity step removed the TEV protease
as well as other contaminating proteins. TAP-tagged Trs33p
yielded chemically pure TRAPP that was previously shown
on a silver-stained gel to only contain TRAPP subunits (Sa-
cher et al., 2001).

To determine the nucleotide exchange activity of this
highly purified preparation of TRAPP, a GTP�S uptake as-
say was performed. TRAPP, immobilized on calmodulin
agarose beads, was incubated with GTP�S in the presence of
recombinant Ypt1p or Ypt32p, and the amount of GTP�S
that bound to protein was measured. Although TRAPP stim-
ulated the uptake of GTP�S onto Ypt1p, it did not apprecia-
bly stimulate the uptake of GTP�S onto Ypt32p (Figure 1).
These results, together with previously published results
showing that TRAPP does not stimulate nucleotide ex-
change on Sec4p (Wang et al., 2000), imply that TRAPP is a
specific guanine nucleotide exchange factor for Ypt1p.

The Depletion of TRAPP from Cytosol Abolishes the
Ypt1p but not Ypt32p GDP Release Activity
To determine if TRAPP is the only exchange factor for
Ypt1p, we depleted TRAPP from cytosol and then assayed
for GDP release activity. For these studies, cytosol was pre-
pared from a strain (SFNY 1088) in which the DSS4 gene was
disrupted, and the sole copy of Bet3p was tagged with
Protein A (PrA). Dss4p, a putative chaperonin for the nucle-
otide-free form of Rabs, stimulates the dissociation of GDP
from both Ypt1p and Sec4p (Moya et al., 1993; Collins et al.,
1997).

TRAPP was depleted from cytosol by affinity absorption
onto IgG-Sepharose beads. As Bet3p is found in TRAPP I
and TRAPP II (Sacher et al., 2001), both forms of the complex
were precipitated onto the beads. To completely deplete
cytosol of TRAPP, we found it necessary to treat cytosol
three times with IgG-Sepharose beads. Each incubation was
done with a fresh batch of beads. The amount of TRAPP
remaining in the cytosol was detected by Western blot anal-
ysis using anti-Trs33p antibody (Figure 2C). Quantification
of the data indicated that �99% of the TRAPP was removed
from the cytosol. Because Trs33p is present in both forms of
TRAPP, this result confirms that TRAPP I and TRAPP II
were depleted from the cytosol that we used to assay ex-
change activity.

TRAPP-depleted or mock-treated cytosol (treated with
Sepharose beads) was then assayed for its ability to displace
GDP from Ypt1p and Ypt32p. Recombinant Ypt1p, or
Ypt32p, preloaded with [3H]GDP was incubated with the
depleted cytosol, and the radioactivity that remained bound
to protein was counted. The intrinsic rate of [3H]GDP release
was measured in the presence of BSA. Although TRAPP
stimulated dissociation on Ypt1p is concentration depen-
dent, the affinity depletion of TRAPP abolished this activity
(Figure 2A). In contrast, the GDP release activity on Ypt32p
remained unchanged (Figure 2B). We conclude that TRAPP
is the major exchange factor for Ypt1p, but not Ypt32p.

The Ypt32p Exchange Factor Is Associated with the
P100 Fraction
To begin to characterize the Ypt32p exchange factor, differ-
ential fractionation experiments were performed. Cell ly-
sates were centrifuged at 12,000 � g to generate supernatant
(S12) and pellet (P12) fractions. The S12 was centrifuged at
100,000 � g, and the GDP release activity of the S100 (su-
pernatant) and P100 (pellet) fractions were compared with
that of the lysate, S12 and P12 fractions. When equivalent
amounts of protein from each of these fractions were as-
sayed, the P100 fraction was found to be enriched in Ypt32p
GDP release activity (Figure 3A). Treatment of the P100
fraction, prepared from SFNY 1088, with 0.5 M NaCl re-
leased the activity from membranes (Figure 3B). This release
factor had exchange activity as it stimulated the uptake of
GTP�S onto Ypt32p (Figure 4A).

TRAPP is also efficiently extracted from membranes with
0.5 M NaCl (Sacher et al., 2000 and Figure 4B). To determine
if the Ypt32p exchange factor we are characterizing is
TRAPP, the salt extract of the P100 fraction was depleted of
this complex by treatment with IgG-Sepharose beads. These
fractions were then assayed for Ypt1p or Ypt32p exchange
activity and blotted for the presence of TRAPP subunits. The

W. Wang and S. Ferro-Novick

Molecular Biology of the Cell3338



Figure 2. Depletion of TRAPP abolishes the Ypt1p exchange ac-
tivity from cytosol. TRAPP was depleted by incubating IgG-Sepha-
rose beads with cytosol prepared from a strain in which Bet3p is
Protein A tagged and the DSS4 gene is deleted. Samples containing
0.2 mg of mock-treated or 0.5 mg of IgG-Sepharose–treated cytosol
were resolved by SDS-PAGE and analyzed by Western blot analysis
with �-Trs33p serum (C). TRAPP-depleted or mock-treated cytosol
was incubated with 5 pmol of Ypt1p (A) or Ypt32p (B) preloaded
with [3H]GDP. At the time intervals indicated, radioactivity that
bound to protein was determined by filter-binding, and the data are
expressed as the percentage of label bound to Ypt1p or Ypt32p. The
intrinsic rate of [3H]GDP release from Ypt1p or Ypt32p was mea-
sured in the presence of BSA.

Figure 3. The Ypt32p exchange factor is associated with the P100
fraction. (A) A cell lysate was prepared from SFNY26-3a and frac-
tionated as described in MATERIALS AND METHODS. Cell frac-
tions or BSA (1 mg/ml) were incubated with [3H]GDP-Ypt32p for
various times at 30°C. For each time point, the data are expressed as
the percentage of label bound to Ypt32p. (B) The P100 fraction,
prepared from SFNY 1088, was treated with 0.5 M NaCl or no salt
and centrifuged at 100,000 � g for 1 h. The supernatant (s) and pellet
(p) were assayed for their ability to stimulate the release of [3H]GDP
from Ypt32p. The intrinsic rate of [3H]GDP release from Ypt32p was
measured in the presence of BSA, and the value obtained was
subtracted as background.
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IgG-Sepharose–treated fraction was devoid of Ypt1p ex-
change activity (Figure 4B), whereas the Ypt32p exchange
activity was unchanged (Figure 4A). Furthermore, antibod-
ies directed against Trs120p, Bet3p-PrA, Trs33p, Trs31p,
Trs20p, and Bet5p detected each of these subunits in mock-
treated but not IgG Sepharose–treated fractions (Figure 4C).
Trs120p is only present in the TRAPP II complex, whereas
Bet3p, Trs33p, Trs31p, Trs20p, and Bet5p are present in both
forms of the complex (Sacher et al., 2001). Antibodies recog-
nizing the remaining TRAPP components were not of suffi-
cient titer to detect subunits in the mock-treated sample.
These findings demonstrate that the Ypt32p GDP release
factor we are characterizing is an exchange factor for
Ypt32p. Furthermore, this exchange factor is not TRAPP.

The Ypt32p Exchange Factor Is a Putative Effector
of Ypt1p
Genetic studies have shown that the overexpression of
YPT31 or YPT32 suppresses the dominant YPT1-D124N mu-
tation, which fails to bind guanine nucleotides (Jedd et al.,
1995, 1997). Additionally, we found that the overexpression
of YPT32 suppresses the trs130ts2 mutant (our unpublished
data). As cells defective in trs130 have decreased amounts of
active Ypt1p (Wang et al., 2000), we reasoned that the ex-
change factor for Ypt32p might be an effector of Ypt1p. To
test this possibility, we purified Ypt1p as a recombinant GST
fusion protein on glutathione Sepharose beads. The beads
containing Ypt1p were loaded with either GDP or GTP�S
and incubated with a yeast lysate. As controls, immobilized
GST-Ypt51p or GST were preloaded with GTP�S and incu-
bated with lysate. Ypt51p is a small GTP-binding protein
that regulates membrane traffic on the prevacuolar/endoso-
mal pathway (Gerrard et al., 2000). The beads were washed
and assayed for Ypt32p exchange activity. The Ypt1p-GTP�S
coated beads accelerated the release of GDP from Ypt32p
(Figure 5A) and the uptake of GTP�S onto Ypt32p (Figure
5B). This activity was not dependent on TRAPP, as the
Ypt32p GDP release activity was unaffected when TRAPP-
depleted cytosol was incubated with the Ypt1p-GTP�S
coated beads (our unpublished data). These results imply
that the Ypt32p exchange factor is an effector of Ypt1p. This
factor preferentially binds to the GTP-bound form of Ypt1p
and is specifically recruited by Ypt1p, but not Ypt51p. Fur-
thermore, this exchange factor appears to be specific because

Figure 4 (cont). absence of (His6)-Ypt32p. Samples were then
incubated with 20 �l of packed Nickel-nitrilotriacetic acid-agarose
(Ni-NTA) beads for 1 h at 4°C, and GTP�S uptake was measured.
The intrinsic rate of GTP�S uptake onto Ypt32p measured in the
presence of BSA, and the value obtained in the absence of (His6)-
Ypt32p was subtracted as background. (B) A P100 fraction, prepared
from SFNY1088, was treated with buffer (control) or 0.5 M NaCl and
centrifuged. The supernatant was incubated with IgG-Sepharose or
mock treated with Sepharose 4B. The supernatants (s) and pellets
(p) as well as the TRAPP-depleted and mock-treated samples were
assayed at 30°C for 30 min for their ability to stimulate the release
of [3H]GDP from Ypt1p. The intrinsic rate of [3H]GDP release from
Ypt1p was measured in the presence of BSA, and the value obtained
was subtracted as background. (C) TRAPP-depleted (0.5 mg) and
mock-treated (0.3 mg) samples were resolved by SDS-PAGE and
analyzed by Western blot analysis using antibodies directed against
Trs120p, Bet3p, Trs33p, Trs31p, Trs20p, and Bet5p.

Figure 4. Depletion of TRAPP does not affect the Ypt32p exchange
activity. (A) The P100 fraction of SFNY1088 was treated with buffer
(control) or 0.5 M NaCl, centrifuged, and assayed as described
below. To deplete TRAPP, the salt-treated supernatant (2.4 mg) was
incubated with 20 �l of packed IgG-Sepharose or mock-treated with
Sepharose 4B as described in MATERIALS AND METHODS. The
TRAPP-depleted or mock-treated sample was incubated with
[35S]GTP�S for 30 min at room temperature in the presence or
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it does not stimulate the release of GDP from Ypt1p (Figure
5C).

Uso1p Is not an Exchange Factor for Ypt32p
In general, small GTP-binding proteins have many effectors
(Horiuchi et al., 1997; Christoforidis et al., 1999; Allan et al.,
2000; Moyer et al., 2001). To date, only Uso1p has been
implicated as a putative effector of Ypt1p. Uso1p, a large
protein that contains coiled coil and globular domains, plays
a key role in tethering COP II vesicles to the Golgi complex
(Sapperstein et al., 1996; Barlowe, 1997). The proposal that
Uso1p is an effector of Ypt1p is based on two observations.
First, its orthologue p115 was recently shown to be an effec-
tor of Rab1 (Allan et al., 2000). Second, the extraction of
Ypt1p from membranes by GDI was found to decrease the
association of membrane-bound Uso1p (Cao et al., 1998).
These findings prompted us to test the possibility that Uso1p
is a Ypt1p effector with exchange activity on Ypt32p.

Uso1p was purified from a strain harboring a 2-�m plas-
mid that contains a myc-tagged version of Uso1p. Cytosol
prepared from this strain was loaded onto a Mono Q column
and eluted with a linear salt gradient. The peak of Uso1p
was further purified on a Superdex-200 gel filtration column,
and the fractions containing Uso1p were pooled and con-
centrated. The cytosol, Mono Q column flow-through and
purified Uso1p were assayed for exchange activity on
Ypt32p. Ypt32p preloaded with [3H]GDP was incubated
with these fractions, and the radioactivity that bound to
protein was measured using a filter binding assay. Although
Uso1p was retained on the Mono Q column and none could
be detected in the flow-through (Figure 6B), the flow-
through and cytosol had the same Ypt32p GDP release
activity (Figure 6A). Consistent with this observation, puri-
fied Uso1p did not display any exchange activity on Ypt32p
(Figure 6A). These findings clearly demonstrate that Uso1p
is not an exchange factor for Ypt32p.

DISCUSSION

Previous studies have shown that preparations of partially
purified TRAPP stimulate guanine nucleotide exchange on
two different small GTP-binding proteins, Ypt1p and
Ypt32p. Although partially purified TRAPP stimulated
Ypt1p nucleotide exchange activity robustly, very little

Figure 5 (cont). label bound to Ypt32p. (B) Beads containing 0.8 mg
of GST-Ypt1p-GTP�S, GST-Ypt1p-GDP, or GST were incubated with a
yeast lysate (800 mg) and then assayed for 30 min at room temperature
in the presence of 1.6 nmol of (His6)-Ypt32p and 32 nmol of
[35S]GTP�S. The reaction was stopped by the addition of 1 ml of
ice-cold stop buffer. The beads were spun, and the supernatant was
incubated with 25 �l of packed Ni-NTA agarose beads for 1 h at 4°C.
The Ni-NTA beads were washed three times with 1 ml of stop buffer,
and the amount of GTP�S that bound to the beads was measured by
filter-binding. The intrinsic uptake of GTP�S onto Ypt32p was mea-
sured in the presence of immobilized GST, and the value obtained was
subtracted as background. (C) TRAPP-depleted cytosol was incubated
with GST-Ypt1p-GTP�S immobilized on beads. The beads were then
incubated with [3H]GDP-Ypt32p or [3H]GDP-Ypt1p for 20 min at 30°C.
The intrinsic rate of [3H]GDP release from Ypt32p or Ypt1p was
measured in the presence of immobilized GST, and the value obtained
was subtracted as background.

Figure 5. The Ypt32p exchange factor is a putative effector of
Ypt1p. (A) Lysate, prepared from a wild-type yeast strain, was
incubated with beads that contain GST-Ypt1p, GST-Ypt51p, or GST.
The beads were either preloaded with GTP�S or GDP. The treated
beads were incubated with [3H]GDP-Ypt32p at 30°C for various
periods of time. [3H]GDP that bound to protein was measured by by
filter-binding, and the data are expressed as the percentage of
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Ypt32p exchange activity was observed (Wang et al., 2000).
These findings suggested that the reported Ypt32p exchange
activity was either insignificant or was due to a contaminant.
To resolve this issue and to definitively prove that TRAPP is
an exchange factor for Ypt1p, we assayed chemically pure
amounts of TRAPP for Ypt1p and Ypt32p exchange activity.
Earlier work demonstrated that both forms of the TRAPP
complex (TRAPP I and TRAPP II) are exchange factors for
Ypt1p (Sacher et al., 2001). Chemically pure amounts of
TRAPP were prepared from a strain in which Trs33p, a
subunit that is present in both forms of the complex, was
TAP tagged. Purified TRAPP was found to have Ypt1p, but
not Ypt32p, exchange activity.

If TRAPP is not an exchange factor for Ypt32p, lysates
depleted of TRAPP I and TRAPP II should still retain Ypt32p
exchange activity. Approximately 99% of the TRAPP was
depleted from lysates prepared from a strain in which the
sole copy of Bet3p is fused to Protein A. Although these
lysates no longer had Ypt1p exchange activity, their Ypt32p

exchange activity was unaffected. These results imply that
TRAPP I and TRAPP II may be the only exchange factors for
Ypt1p. Furthermore, they clearly demonstrate that TRAPP is
not a major exchange factor for Ypt32p.

In an earlier study from another group, TRAPP was re-
ported to have comparable Ypt32p and Ypt1p exchange
activities (Jones et al., 2000). Jones et al. (2000) purified
TRAPP from a strain in which Bet3p was overproduced and
fused to GST. However, when we assayed purified, GST-
tagged TRAPP in the presence of 5 pmol of [3H]GDP-Ypt1p,
the specific exchange activity (504 pmol/min/mg) was
found to be approximately twofold less than PrA-tagged
TRAPP (962 pmol/min/mg). In our hands, very little
Ypt32p exchange activity was observed with either prepa-
ration of TRAPP and was the same as previously reported
(Wang et al., 2000).

Genetic experiments have suggested a functional relation-
ship between Ypt1p and Ypt32p. The overexpression of
either YPT31 or YPT32 was found to suppress the growth
defect of the dominant YPT1-D124N mutation (Jedd et al.,
1997). Furthermore, we isolated YPT31 and YPT32 as high
copy suppressors of the trs130ts2 mutant, which is defective
in the activation of Ypt1p. These suppression studies sug-
gested that the Ypt32p exchange factor may be an effector of
Ypt1p. The finding that a factor that stimulates nucleotide
exchange on Ypt32 will specifically bind to Ypt1p in its
GTP-bound form supports this hypothesis. This Ypt1p ef-
fector is not Uso1p and appears to be novel.

Our findings imply that the activated form of Ypt1p can
influence the activity of Ypt32p by recruiting the Ypt32p
exchange factor. Furthermore, our data suggest that Ypt1p
and Ypt31p/Ypt32p may interact in a signal cascade that
directs traffic to and through the Golgi complex. Interest-
ingly, in a parallel study it was shown that activated Ypt32p
recruits Sec2p, the exchange factor for Sec4p. Sec4p is the
small GTP-binding protein that regulates membrane traffic
from the Golgi to the plasma membrane (Ortiz et al., 2002).
Thus, one may speculate that the activated form of each Rab
may recruit the exchange factor that activates the Rab that
functions at the next stage of membrane traffic. It will be
important to see if the activated forms of other small GTP-
binding proteins in the Rab family do the same.
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