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The Saccharomyces cerevisiae maltose transporter is a 12-transmembrane segment protein that under certain
physiological conditions is degraded in the vacuole after internalization by endocytosis. Previous studies
showed that endocytosis of this protein is dependent on the actin network, is independent of microtubules, and
requires the binding of ubiquitin. In this work, we attempted to determine which coat proteins are involved in
this endocytosis. Using mutants defective in the heavy chain of clathrin and in several subunits of the COPI
and the COPII complexes, we found that clathrin, as well as two cytosolic subunits of COPII, Sec23p and
Sec24p, could be involved in internalization of the yeast maltose transporter. The results also indicate that
endocytosis of the maltose transporter and of the a-factor receptor could have different requirements.

Vesicles are responsible for the traffic of proteins in the cells.
Formation of vesicles requires the action of coat proteins
which are recruited from the cytosol onto a particular mem-
brane to drive budding and to select the vesicle cargo (for
reviews, see references 31 and 49). In Saccharomyces cerevisiae
cells, three types of vesicles which differ in their function and
coat composition have been identified. Clathrin-coated vesi-
cles, formed from the plasma membrane and trans-Golgi net-
work, are involved in endocytosis as well as in the secretion of
proteins (for a review, see reference 43). COPI (or coatomer)
is a large cytosolic protein complex which forms a coat around
vesicles budding from the Golgi apparatus and endoplasmic
reticulum (ER) (3). Its role has been a subject of controversy,
but accumulated data suggest that COPI is involved in both
anterograde and retrograde transport in the ER-Golgi system
(for reviews, see references 8 and 42). Some components of
COPI might also play a role in early endocytosis in animal cells
(1, 16, 49). COPII is another cytosolic complex which directs
the budding of vesicles from the ER and is involved in the
anterograde transport of proteins to Golgi (for a review, see
reference 24). To our knowledge, evidence for a role of COPII
in endocytosis has not been reported.

Solutes, receptors, and damaged or unneeded plasma mem-
brane proteins are internalized by endocytic vesicles. Two
markers are generally used to investigate endocytosis in S.
cerevisiae: Lucifer yellow CH as a nonspecific marker of the
fluid phase endocytosis by which bulk solutes are internalized;
and a- and a-factors as specific markers of the receptor-medi-
ated endocytosis by which specific solutes are internalized
when bound to specific receptors on the cell surface (12, 47). a-
and a-factors bind to their 7-transmembrane segment (7-TMS)
receptors and are internalized and degraded in the vacuole
(10). These 7-TMS receptors also show a constitutive endocy-
tosis, which becomes apparent in the absence of the corre-
sponding pheromone. In recent years, a number of plasma
membrane proteins with 12-transmembrane segments (12-TMS)
have been shown to follow endocytosis. Several transporters
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which are internalized without binding of external ligand to be
degraded in the vacuole belong to this group of proteins (13,
18, 23, 26, 30, 35, 36, 48). Among these transporters, the
maltose transporter seems well suited as an endocytic marker
of the 12-TMS proteins since it is quite abundant in yeast cells,
shows a biochemical activity that can be easily measured, and
is well characterized both biochemically (for a review, see
reference 25) and genetically (7). Previous studies showed that
endocytosis of the maltose transporter is partially dependent
on the actin network, is independent of microtubules (32), and
requires binding of ubiquitin, probably as a signal for endocy-
tosis (28). We attempt here to establish which of the coat
proteins is involved in endocytosis of this transporter. We
investigated two steps of endocytosis as follows. Internalization
was investigated by measuring the decrease in transport activ-
ity with radioactive maltose as well as the disappearance of the
transporter from the plasma membrane with antibodies. Deg-
radation was investigated by following the cellular content of
the transporter with antibodies. Using strains deficient in the
clathrin heavy chain, in the a-, f’-, and y-COPI subunits, or in
the COPII components Sec23p, Sec24p, Secl3p, Sec31p, and
Seclép, we conclude that clathrin and two components of
COPII, Sec23p and Sec24p, might play a role in the internal-
ization of the maltose transporter.

MATERIALS AND METHODS

Reagents. p-[U-'*C]maltose and enhanced chemiluminescence reagents were
from Amersham International (Little Chalfont, United Kingdom). Goat anti-
rabbit antibody-peroxidase conjugate was from Biosource International (Cama-
rillo, Calif.). All other reagents were of analytical grade.

Yeast strains and growth conditions. The genotypes of the strains are de-
scribed in Table 1. All these strains were unable to grow on maltose and were
transformed with the multicopy plasmid pRM1-1, which carries the MALI locus
(39). The transformed cells, which grew and transported maltose at rates the
same as those of mal™ wild-type strains, were grown at 24°C in a rotary shaker
(200 rpm) in a medium containing 2% peptone, 1% yeast extract, 2% maltose,
and 3 ppm of antimycin A to force utilization of maltose. Cell growth was
monitored by measuring optical densities at 640 nm.

Conditions for endocytosis of the maltose transporter and of the a-factor
receptor. Cells were harvested during exponential growth (about 0.7 mg [dry
weight] per ml), washed, and suspended in 3 volumes of an ammonium-free
medium as described previously (6) in the presence of 2% glucose and 250 p.g of
tetracycline chlorohydrate per ml to avoid bacterial contamination. The suspen-
sion was incubated at 24, 32, or 35°C in a rotary shaker (200 rpm). Samples of the
suspensions were taken at various times, and endocytosis of the maltose trans-
porter and of the a-factor receptor was measured.
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TABLE 1. Strains used in this work

S. cerevisiae strain

(reference) Genotype

GPY1100 (47)
GPY418 (47)

MATo leu2-3,112 ura3-52 his4-519 trpl canl

MATo leu2-3,112 ura3-52 his4-519 trpl canl
chel-521

MATo ura3,52 leu2-3,112

MATa ura3-52 leu2-3,112 sec24-1

MATo ura3-52 leu2-3,112 secl6-1

MATo ura3-52 sec21-1

MATo ura3-52 his4-619 sec23-1

MATo ura3-52 his4-619 secl3-1

MATo ura3-52 leu2-3 sec31-1

MATo ura3 leu2 his4 lys2 trpl retl-1

MATo ura3-52 leu2-3 trpl sec27-1

MATa ura3 leu2 his4 lys2 barl-1

MATa ura3 leu2 his4 sec23-1 barl-1

RSY255 (21)
RSY1196 (21)
RSY617 (21)
RSY277 (21)
RSY281 (21)
RSY265 (21)
RSY952 (21)
RH402-6B (26a)
RSY146 (11)
RH448 (19)
RH1436 (19)

Endocytosis of the maltose transporter. To measure endocytosis of the mal-
tose transporter, two steps were monitored, internalization and degradation.
Internalization was measured by monitoring two parameters, the decrease in the
rate of transport activity with radioactive maltose as previously described (35)
and the disappearance of the transporter from the plasma membrane by immu-
noblotting purified plasma membrane preparations as previously described (29).
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In the latter case, the H"-ATPase was used as a marker protein of plasma
membrane (45). Degradation of the maltose transporter was determined by
immunoblotting crude extract preparations as previously described (29).

Endocytosis of the a-factor receptor. Constitutive endocytosis of the a-factor
receptor was monitored by measuring its rate of internalization in the absence of
the pheromone. To this end, the disappearance of the receptor from the plasma
membrane was monitored by measuring the binding of labeled a-factor by the
procedure described in reference 40 with some modifications. Ten-milliliter
aliquots of the yeast suspension in the ammonium-free medium (see above),
containing about 5 X 107 cells, were incubated for various time periods at 24 or
32°C. Next, 0.5 ml of 200 mM NaNj; and 200 mM NaF, two inhibitors of the
energy metabolism, was added to stop endocytosis. The cells were then harvested
by centrifugation and suspended in 0.25 ml of the rich medium YPUAD previ-
ously described (51), in the presence of 10 mM NaNj; and 10 mM NaF. To 0.1 ml
of this suspension, a 10~° M final concentration of 3S-labeled a-factor, obtained
and purified as described previously (12), was added. After incubation for 30 min
at 30°C, 2 ml of the YPUAD medium in the presence of the inhibitors was added,
and the cells were harvested by filtration through GF/C glass fiber filters (2.5 cm
diameter), washed with 2 ml of the same medium, and counted for their radio-
activity. To subtract the radioactivity due to unspecific binding of the labeled
a-factor, controls were run in parallel. In this case, the cells were added to a 10~°
M final concentration of 3*S-labeled a-factor plus 4 X 10~° M unlabeled a-fac-
tor.

Crude extract preparation, plasma membrane purification, and immunoblot-
ting. Crude extract and crude membrane fraction were obtained as previously
described (45). Plasma membrane purification was achieved by application of the
crude membrane fraction to a discontinuous sucrose gradient as previously
described (29). Samples of crude extract and purified plasma membrane prepa-
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FIG. 1. Internalization and degradation of the maltose transporter in a mutant defective in clathrin. Strains GPY1100 (CHCI, wild type [WT]; O) and GPY 418
(chel-1; A), transformed with the plasmid pRM1-1 carrying the MALI locus, were harvested during exponential growth at 24°C, washed, and suspended in 3 volumes
of the endocytosis medium. After incubation at 24°C (A and C) or 35°C (B and D) for the indicated times, the cells were harvested and assayed for maltose transporter
activity (A and B). The maltose transporter band was detected by immunoblotting aliquots, containing 40 pg of protein of cellular extracts obtained at the indicated

times (C and D).
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FIG. 2. Disappearance of the maltose transporter from the plasma membrane in a mutant defective in clathrin. Strains GPY1100 (CHCI, wild type [WT]) and
GPY418 (chcl-1), transformed with the plasmid pRM1-1 carrying the MALI locus, were grown and treated as described in the legend for Fig. 1. After incubation at
24°C (A and C) or 35°C (B and D) maltose transporter (A and B) and H"-ATPase (C and D) were detected by immunoblotting aliquots containing 7 and 3 wg of
protein, respectively, of purified plasma membrane preparations obtained at the indicated times.

rations were resolved by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis, and the maltose transporter and the H"-ATPase were detected by
enhanced chemiluminescence by using the polyclonal antibodies anti-maltose
transporter and anti-ATPase as previously described (29).

Protein measurements. Protein was determined after precipitation with tri-
chloroacetic acid by the method described previously (27).

RESULTS

Internalization and degradation of the maltose transporter
in a clathrin-deficient mutant. The clathrin coat consists of a
basic building block, the triskelion, formed by three heavy
chains and three light chains with different sizes (42), and of
complexes of associated proteins, adaptors, which select cargo
proteins by interacting with specific signals (43). A single gene,
CHC1, codes for the clathrin heavy chain in S. cerevisiae, and a
conditional mutant of this gene, chcl-525, which at the non-
permissive temperature of 35°C is immediately perturbed in
clathrin secretory (44) and endocytic functions (47), has been
isolated. We used this mutant, as well as its isogenic wild-type
strain, to investigate if clathrin plays a role in endocytosis of
the maltose transporter. Since the maltose transporter is inter-
nalized for proteolysis in the vacuole during nitrogen starva-
tion in the presence of glucose (30, 33, 35), we triggered en-
docytosis of this protein by starving the cells of ammonium in
the presence of this sugar. To monitor its internalization, we
measured the decrease in transport activity (36) and found
that, at 24°C, this activity decreased at a similar rate in mutant
and wild-type cells (Fig. 1A) while, at 35°C, a reduction in this
rate of about 50% was observed in the mutant compared with
the wild-type cells (Fig. 1B). These results indicated that clath-
rin is required for a normal rate of internalization of the
transporter. If this were the case, at 35°C, disappearance of the
transporter from the plasma membrane and, consequently,
degradation of this protein would occur at a lower rate in the
mutant than in the wild-type cells, whereas at 24°C, differences
between the two strains would not be observed.

To check these predictions, degradation (Fig. 1) and disap-
pearance of the transporter from the plasma membrane (Fig.
2) were monitored by immunoblotting crude extracts and
plasma membrane preparations, respectively. The results

showed that, in both cases, the intensity of the band corre-
sponding to the transporter decreased at 35°C, at a lower rate
in mutant cells than in wild-type cells (Fig. 1D and 2B) while at
24°C, no differences were observed (Fig. 1C and 2A). In the
experiments with plasma membrane, the H*-ATPase was used
as a marker protein (45). It has been shown that under the
conditions used in this work, the H"-ATPase remains stable
(4, 29) and, in accordance with this, we found that the intensity
of the band corresponding to this protein remained constant
(Fig. 2C and D).

These results indicate that clathrin-coated vesicles could
play a role in internalization of the maltose transporter, ac-
counting for about 50% of endocytosis of the transporter. This
partial contribution of clathrin to endocytosis suggests that
clathrin is not the sole mediator of plasma membrane vesicu-
lation and that another protein(s) can perform the comple-
menting function. The components of the two other known
coat complexes, COPI and COPII, seem to be good candidates
to provide this function.

Internalization and degradation of the transporter in mu-
tants deficient in COPI components. COPI is a protein com-
plex consisting of seven subunits, o, B, B’, vy, 9, €, and {, which
are found in the cytosol and on the cytoplasmic side of the
Golgi compartment and which are assembled to form coated
vesicles by the action of the small GTP-binding protein ARF.
Although the biochemical description of COPI and its associ-
ation with membranes in vitro is very detailed, its precise role
in living cells is not well defined. COPI-coated vesicles seem
responsible for steps in both anterograde and retrograde trans-
port in the ER-Golgi system (42) and certain subunits of COPI
might play a role in endocytosis in animal cells (1, 16, 49).

In S. cerevisiae, a-, B'-, and y-COP are the products of the
RETI, SEC27, and SEC2I genes, respectively. Temperature-
sensitive mutants in these genes have been isolated which, at
the nonpermissive temperature of 35°C, show a severe defect
in protein transport from the ER and accumulation of ER
membranes (11, 15, 20, 46). We used these mutants, as well as
their isogenic wild-type strain, to investigate whether o-, B'-,
and y-COPI are involved in endocytosis of the maltose trans-
porter. Cells growing exponentially at 24°C were suspended in
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FIG. 3. Internalization and degradation of the maltose transporter in mutants defective in Sec23p, Sec24p, and Secl6p. Strains RSY255 (wild type [WT]; O),
RSY617 (sec16-1; V), RSY1196 (sec24-1; [0), and RSY218 (sec23-1; A), transformed with the plasmid pRM1-1 carrying the MALI locus, were grown and treated as
described in the legend for Fig. 1. After incubation at 24°C (A and C) or 35°C (except for RSY617, which was incubated at 32°C) (B and D) for the indicated times,
the cells were harvested and assayed for maltose transporter activity (A and B). The maltose transporter band was detected by immunoblotting aliquots containing 40

ng of protein of cellular extracts obtained at the indicated times (C and D).

the ammonium-free medium to trigger endocytosis and were
separated into two aliquots that were incubated at 24 and 35°C.
We found that internalization and degradation of the trans-
porter occurred at similar rates at the two temperatures inde-
pendent of the presence of a mutation in COPI genes (results
not shown), thus indicating that a-, B’-, and y-COP do not play
a role in endocytosis of the 12-TMS maltose transporter.
Internalization and degradation of the transporter in mu-
tants deficient in COPII components. The COPII coat consists
of three elements: one small GTP-binding protein, Sarlp, and
two coat complexes, Sec23/24p and Sec13/31p, each one con-
sisting of two subunits. Formation of COPII-coated vesicles

(for reviews, see references 24 and 41) begins with recruitment
from the cytosol of Sarlp to the ER membrane where Sarlp
exchanges GDP for GTP by the action of an integral mem-
brane glycoprotein, Sec12p (2). Then, the Sec23/24p complex
binds to Sarp1-GTP. Finally, Sec23p stimulates the GTPase
activity of Sarpl and the Sec13/31p complex binds to initiate
budding (50). An additional protein, Secl6p, is also essential
for budding of COPII-coated vesicles, although it may not
contribute directly to vesicle morphogenesis. This protein in-
teracts with Sec23p and Sec24p and appears to act on the
GTPase cycle (14). In contrast to the other COPII components
mentioned above, Secl6p cannot be readily removed but re-
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FIG. 4. Disappearance of the maltose transporter from the plasma membrane in mutants defective in Sec23p, Sec24p, and Sec16p. Strains RSY255 (wild type [WT]),
RSY617 (sec16-1), RSY1196 (sec24-1), and RSY218 (sec23-1), transformed with the plasmid pRM1-1 carrying the MALI locus, were grown and treated as described
in the legend for Fig. 1. After incubation at 24°C (A and C) or 35°C (except for RSY617, which was incubated at 32°C) (B and D), maltose transporter (A and B) and
H™"-ATPase (C and D) were detected by immunoblotting aliquots containing 7 and 3 g of protein, respectively, of purified plasma membrane preparations obtained

at the indicated times.

mains firmly associated with ER membranes (14). COPII-
coated vesicles are involved in sorting of proteins from ER and
intra-Golgi apparatus (for a review, see reference 24).

To investigate if some element(s) of COPII could play a role
in endocytosis of the maltose transporter, we used tempera-
ture-sensitive mutants deficient in Sec23p, Sec24p, Sec13p, and
Sec31p which, when exposed to the nonpermissive tempera-
ture, exhibit defective secretory functions and an excess of
ER-like membrane structures (21). The results showed that
sec23 and sec24 mutant cells exhibited, at 32 and 35°C, respec-
tively, a reduced rate of internalization when this parameter
was followed by either measuring the decrease in transport
activity (Fig. 3B) or the disappearance of the transporter from
the plasma membrane (Fig. 4B). In addition, and as expected
from this reduction of internalization, a reduction in the rate of
degradation of the transporter at the nonpermissive tempera-
ture was also observed (Fig. 3D). As in previous experiments,
the H"-ATPase was used as a marker protein of plasma mem-
brane and, in accordance with its known stability, a constant
amount of this protein was detected (Fig. 4C and D). Data
shown in Fig. 3A and B indicated half-life values for the trans-
porter at 24°C of about 1 h in all strains, whereas at the
nonpermissive temperatures tested, values of about 1 h in
wild-type and 2.5 h in sec23 and sec24 strains were calculated.

These results suggest that a normal internalization of the
maltose transporter requires the action of the two cytosolic
proteins Sec23 and Sec24. But there is another possible expla-
nation for the results: some sec mutants show inhibition of the
secretory pathway even during growth at the permissive tem-
perature (31). If sec23 and sec24 mutants show this inhibition,

the transporter could accumulate into the cells during growth
at 24°C and, in this case, the accumulated transporter could be
secreted to the plasma membrane during the endocytosis ex-
periments. As a consequence, two processes could take place
during these experiments: arrival of the transporter at the
plasma membrane by secretion of the accumulated transporter
and internalization of the transporter by endocytosis. The si-
multaneous occurrence of these two opposite processes would
result in an apparent decrease in the rate of endocytosis. How-
ever, this possibility seems very unlikely, since the cells used to
investigate endocytosis at both the permissive and the nonper-
missive temperature came from aliquots of the same culture
(see legends to Fig. 3 and 4) and should have a similar accu-
mulation of the transporter, if any. Therefore, if the decrease
in endocytosis was due to this accumulation, it would appear at
both temperatures and not only at the nonpermissive one as
observed.

Experiments carried out with the temperature-sensitive mu-
tants secI3 and sec3! (Fig. 5 and 6) indicated that neither of
the two subunits of the Sec13/31p COPII complex is required
for the internalization. In addition, the results shown in Fig. 3
and 4 obtained by using a temperature-sensitive sec/6 mutant
strain (21) demonstrated that Secl6p is not required for the
process.

Internalization of the a-factor receptor in a mutant defi-
cient in Sec23p. Previous results reported by Hicke et al. (19)
suggested that a normal internalization of the a-factor recep-
tor does not require the presence of a functional Sec23p. These
results contrast with ours regarding the maltose transporter
and suggest that endocytosis of these two proteins could show
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FIG. 5. Internalization and degradation of the maltose transporter in mutants defective in Sec31p and Sec13p. Strains RSY255 (wild type [WT]; O), RSY952
(sec31-1; 1), and RSY265 (secI3-1; OJ), transformed with the plasmid pRM1-1 carrying the MALI locus, were grown and treated as described in the legend for Fig.
1. After incubation at 24°C (A and C) or 35°C (B and D) for the indicated times, the cells were harvested and assayed for maltose transporter activity (A and B). The
maltose transporter band was detected by immunoblotting aliquots of cellular extracts containing 40 wg of protein that were obtained at the indicated times (C and

D).

different requirements. However, this apparent difference
might not be real but rather might be due to differences in the
experimental conditions: whereas in the measurements of the
receptor endocytosis, cells were preincubated in complete me-
dium for 5 min at the nonpermissive temperature (19), in the
measurements of the transporter endocytosis, the preincuba-
tion was performed in ammonium-free medium and lasted for
several hours (Fig. 3 and 4). Therefore, to be able to compare
endocytosis of the two proteins, we investigated the internal-
ization of the a-factor receptor by using experimental condi-
tions the same as those used with the transporter and by using
wild-type and sec23 mutant strains with the appropriate geno-
type, MATa barl-1 (19). We found that the response of the
receptor internalization to a shift from 24 to 32°C was similar
in the wild-type and the mutant strains (Fig. 7A and B) while
in parallel experiments, and in agreement with data of Fig. 3
and 4, a different response was observed in the two strains in
the case of the transporter (Fig. 7C and D). These results
confirmed previous findings indicating that a normal internal-
ization of the a-factor receptor does not require a functional

Sec23p (19), and they suggest that, in fact, endocytosis of this
7-TMS receptor and of the 12-TMS maltose transporter could
show different requirements.

DISCUSSION

The basic block of the clathrin coat is the triskelion, and the
clathrin heavy chain is one of the two components of this basic
block (43). The available evidence suggests that a deficiency in
the clathrin heavy chain in yeast produces only a partial de-
crease in endocytosis of the 12-TMS maltose transporter (this
work) and of the 7-TMS a- and a-factor receptors (47). Since
in all instances examined in detail, a coat is used as a mechan-
ical device to bud off vesicles (38), this partial contribution of
clathrin to endocytosis suggests that, in addition to clathrin,
another coat protein(s) could contribute to endocytosis in this
organism. A similar conclusion has been reached with regard
to animal cells in which B-COP was found in endosomes (1),
microinjection of anti-B-COP antibodies inhibited the entry of
viruses by endocytosis (49), and a defect of e-COP was accom-
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FIG. 6. Disappearance of the maltose transporter from the plasma membrane in mutants defective in Sec31p and Secl3p. Strains RSY255 (wild type [WT]),
RSY952 (sec31-1), and RSY265 (sec13-1), transformed with the plasmid pRM1-1 carrying the MALI locus, were grown and treated as described in the legend for Fig.
1. After incubation at 24°C (A and C) or 35°C (B and D) maltose transporter (A and B) and H"-ATPase (C and D) were detected by immunoblotting aliquots
containing 7 and 3 pg of protein, respectively, of purified plasma membrane preparations obtained at the indicated times.

panied by a defect in endocytosis (16). In the case of yeast, the
results indicate that a-, B'-, and y-COPI are involved neither in
endocytosis of the maltose transporter (this work) nor in en-
docytosis of the a-factor receptor (19), but the possibility that
another COPI subunit(s) plays a role in endocytosis of these
proteins cannot be ruled out.

The results obtained with mutants deficient in Sec23p and
Sec24p suggest that a normal internalization of the maltose
transporter could require the action of these two subunits of
the COPII complex. The possibility that these two cytosolic
coat proteins play a direct role in the formation of endocytic
vesicles containing the transporter in yeast cells seems very
atractive. These two proteins, independent of the other COPII
components, might be recruited from the cytosol onto the
plasma membrane to facilitate invagination. But an indirect
effect of these proteins in internalization of the transporter
cannot be excluded.

A variety of proteins involved in early and late secretory
pathway have been investigated for their role in a-factor en-
docytosis (19). Apparently, some of these proteins, i.e., Secl2,
Sec13, Secl6, Secl7, Sec20, Sec23, Sec7, and Secl4, were re-
quired for a normal degradation of the a-factor in the vacuole
through their effect in traffic from early to late endosomes. But
none of these proteins was found to be required for internal-
ization of the a-factor receptor (19). This observation, which in
the case of Sec23p was confirmed in our experimental condi-
tions, contrasts with the results obtained with the maltose
transporter, which suggests a role of Sec23p and Sec24p in the
internalization of the transporter. In our experiments with the
transporter (this work) and in those with the a-factor receptor
(this work and reference 19), the same mutant allele of the
SEC23 gene (sec23-1) was used. Therefore, whether Sec23p
plays a direct or an indirect role in internalization, what seems
clear is that a mutation in gene SEC23 differentially affects
internalization of the transporter and of the a-factor receptor.
Interestingly, a mutation in another gene has also been found

to differentially affect the internalization of these two proteins:
secl8-1 cells showed a normal internalization of the phero-
mone (37) whereas these cells were severely affected in inter-
nalization of the transporter (35). There is not a simple expla-
nation for this different response to sec mutations of plasma
membrane proteins. In this regard, one interesting question
which has not yet received a clear answer is whether vesicles
formed at a given cellular compartment are all the same or
whether different types of vesicles exist (for a review, see ref-
erence 22). In yeast cells, evidence for at least two classes of
secretory vesicles has been reported (17). These two classes of
vesicles, although they use a common fusion machinery, show
different cargo proteins and different coat composition, as sug-
gested by their different densities (17). Regarding endocytosis,
there is not evidence for the occurrence of distinct endocytic
vesicles in yeast, but in animal cells four different classes of
these vesicles which seem to differ in size, coat composition,
cargo proteins, and sensitivity to a variety of inhibitors have
been detected (5). The relative contribution of these vesicles to
endocytosis may vary between cells and change in response to
stimuli (5). Therefore, one possibility is that, in yeast, the
different response of plasma membrane proteins to factors
involved in protein traffic could be due to the occurrence of
different classes of endocytic vesicles, the formation of which
could respond to different stimuli. Consistent with this possi-
bility is the observation that the carboxyl terminus of the a-
factor receptor is required for constitutive but not for ligand-
stimulated endocytosis (9), indicating that the two processes
involve different parts of the receptor protein and, probably,
different components of the endocytic machinery.

In conclusion, the results shown in this work indicate that
clathrin and two cytosolic components of the COPII complex,
Sec23p and Sec24p, could play a role in internalization of the
yeast maltose transporter and that internalization of this 12-
TMS transporter and of the 7-TMS a-factor receptor could
have different requirements.
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FIG. 7. Internalization of the a-factor receptor and of the maltose transporter in a mutant deficient in Sec23p. Strains RH448 (wild type; O) and RH1416 (sec23-1;
A), transformed with the plasmid pRM1-1 carrying the MALI locus, were grown and treated as described in the legend for Fig. 1. After incubation at 24 or 32°C for
the indicated times, the cells were harvested and assayed for internalization of the a-factor receptor with 3*S-labeled a-factor (A and B). Internalization of the maltose
transporter was monitored in parallel experiments by measuring the decrease in transport activity (C and D). Data of two experiments are shown.
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