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and regulates access into retrograde transport

Stephan Schroder-Kéhne 1*, Francois Letourneur 2 and Howard Riezman 3

IMax-Planck-Institut fur biophysikalische Chemie, D-37070 Géttingen, Germany
2|nstitut de Biologie et Chimie des Protéines/UPR 412 CNRS; 7, Passage du Vercors, 69367 Lyon Cedex 07, France

3Biozentrum, University of Basel, CH-4056 Basel, Switzerland
*Author for correspondence

Accepted 30 September; published on WWW 12 November 1998

SUMMARY

Emp47p is a yeast Golgi transmembrane protein with a
retrograde, Golgi to ER transport di-lysine signal in its
cytoplasmic tail. Emp47p has previously been shown to
recycle between the Golgi complex and the ER and to
require its di-lysine signal for Golgi localization. In contrast
to other proteins with di-lysine signals, the Golgi-
localization of Emp47p has been shown to be preserved in
retl-1 cells expressing a mutanta-COP subunit of
coatomer. Here we demonstrate by sucrose gradient
fractionation and immunofluorescence analysis that
recycling of Emp47p was unimpaired in retl-1
Furthermore we have characterized three new alleles of

immobilized GST-Emp47p-tail fusion protein. As
previously reported, the di-lysine signal of Wbplp was not
recognized by retl-1 mutant coatomer, suggesting a
possible role for a-COP in the differential binding to
distinct di-lysine signals. In contrast to results witha-COP
mutants, we found that Emp47p was mislocalised to the
vacuole in mutants affectingf’-, y-, 6-, and {-COP subunits
of coatomer and that the mutant coatomer bound neither
to the Emp47p nor to the Wbplp di-lysine signal in vitro.
Therefore, the retrograde transport of Emp47p displayed
a differential requirement for individual coatomer subunits
and a special role otx-COP for a particular transport step

retl and showed that Golgi localization of Emp47p was in vivo.
intact in cells with those mutant alleles. We could correlate
the ongoing recycling of Emp47p irretl-1 with preserved

in vitro binding of coatomer from retl-1 cells to  Key words: Coatomer, Golgi, Endoplasmic reticulum

INTRODUCTION vesicles may act as a second carrier after COP Il-coated
vesicles in transport to the Golgi (Aridor et al., 1995; Rowe et
One major means of protein transport through the secretogt., 1996; Scheel et al., 1997). In yeast, it was demonstrated
pathway is brought about by vectorial vesicular transportthat COP I-coated vesicles form at the nuclear envelope in vitro
Transport vesicles are generated by a variety of differeBednarek et al., 1995) and some (but not all) yeast coatomer-
proteinaceous coats which play a crucial role in the cargmutants accumulate the ER-forms of some vacuolar and
selection, vesicle formation, and the delivery of the vesicle tsecretory proteins (Hosobuchi et al., 1992; Duden et al., 1994;
the target membrane (Rothman and Wieland, 1996; Schekméaetourneur et al., 1994; Cosson et al., 1996; Wuestehube et al.,
and Orci, 1996). 1996; Gaynor and Emr, 1997). In addition, coatomer is
Coatomer, a protein-complex consisting of seven differentequired specifically for the transport of GPI-anchored proteins
subunits -, B-, B'-, y-, &, €-, and{-COP) is the major building from the ER to the Golgi (Sitterlin et al., 1997). Third,
block of the coat of COP I-coated vesicles (Waters et al., 19919oatomer has clearly been shown to be essential for transport
COP I-coated vesicles may be involved in several differenin the reverse direction, from the Golgi back to the ER
transport steps within the eukaryotic cell (Mallabiabarrena anftetrograde transport), in particular for proteins that carry a
Malhotra, 1995). First, COP I-coated vesicles have beeoytoplasmic di-lysine motif (Jackson et al., 1990, 1993;
described in anterograde transport of secretory proteins in tii@aynor et al., 1994; Townsley and Pelham, 1994; Lewis and
Golgi stack (Rothman, 1994; Orci et al., 1997). Second, thelpelham, 1996; Teasdale and Jackson, 1996; Orci et al., 1997).
may be involved in ER to Golgi transport, a notion for whichSuch di-lysine motifs bind coatomer in vitro, and mutants in
evidence from both mammalian and yeast cells has beawatomer subunits were identified by screening mutagenised
collected. In mammalian cells antibodies aggs@OP inhibit  yeast-cells for a defect in the ER-localization of a di-lysine
transport of VSV-G protein from the ER to the Golgireporter- protein (Cosson and Letourneur, 1994; Letourneur et
(Pepperkok et al., 1993), a process in which COP I-coateal., 1994; Cosson et al., 1996). The fourth and most recently
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proposed function of coatomer is in endosomal traffickingl995). The antibodies against the following antigens were used at the
(Whitney et al., 1995; Aniento et al., 1996; Sheff et al., 1996tecommended dilutions: (A) polyclonal: Kar2p (kindly provided by
Daro et al., 1997). R. Schekman, Berkeley, CA), Wbplp (kindly provided by S. te

How can one explain the various transport steps, in part ifeesen, Zurich, Switzerland), Rerlp (kindly provided by H. D.

; ; ; _ ; hmitt, Goéttingen, Germany); coatomer (kindly provided by R.
opposite directions, that COP I|-coated vesicles may carry ogjden, Cambridge, UKp-COP (kindly provided by C. Harter and

and still fulfill the requirement for the maintenance of organell . ? ) .
identity? Part of the answer is likely to be found in the . T. Wieland, Heidelberg, Germany); (B) monoclonal 9E10, directed

against the myc-epitope (kindly provided by R. Movva, Sandoz AG,

coatomer complex itself and the potentially variable functiorgase|, switzerland). Indirect immunofluorescence was performed as
and assembly of its subunits. Coatomer from isolate@escribed by Schroder et al. (1995).

endosomal fractions has been reported to contain relatively less

y- andd-COP but moré&-COP than Golgi-coatomer and to be Subcellular fractionation by sedimentation on sucrose

differentially phosphorylated (Whitney et al., 1995; Sheff et al.density gradients _ _ _ )
1996). Salt in high concentrations dissociates coatomer infhe procedure was essentially carried out as described by Schroder

subcomplexes in vitro (Cosson and Letourneur, 1994; Lowet al. (1995). Briefly, cells were grown in YPUAD to logarithmic
and Kreis, 1995) which can still interact with di-lysine motifs phase, approximately $@ells were harvested and resuspended in 10

(a-, B'-, &<COP) or a novel di-phenylalanine motf-(y-, Z- ml YPUAD, cycloheximide was added to A and cells were then

. - b split into two aliquots which were incubated for 1 hour at either 24°C
COP) (Fiedler et al., 1996). However, direct evidence fo r 35°C after 5 minutes preincubation at room temperature.

differential function of coatomer subunits in vivo is still |yiracellular ATP production was blocked by the addition of NaF and
missing. NaNsz to 10 mM each. Cells were then converted to spheroplasts in
We have used Emp47p, a yeast type | transmembrane prot@ia ml of a buffer containing 0.6 M sorbitol as osmotic support as
with a di-lysine signal, as a model protein to study retrogradéescribed previously (Schimmoller et al., 1995) and osmotically lysed
transport from the Golgi to the ER. We have previously showhy the addition of an equal volume of distilled® The lysate was
that Emp47p, unlike other known proteins with di-lysinecleared at 500g. The resulting supernatant was confirmed by

signals, is located in the Golgi complex at steady state but czﬁ’ﬂigrg:goggégﬁe(gfggge?fe?Z?V%'Begns)cguz agdn"‘_’gsa 'Oa%edoo?tr%tgr
H H r | i spun i swing ou
recycle to the ER. The steady state localization of the prOter%er.lzl; Kontron, Switzerland) at 4°C for 2.30 hours at 36K rpm.

depends on its di-lysine signal, becauseamutaplon of the sig e gradient was then fractionated from the top into 13 equal
Ieads"to the escape of Emp47p from the GOIg'. to the Vacuo*faactions, the pellet being resuspended in the last fraction. Aliquots
(Schroder et al., 1995). The cytoplasmic tail of EMPA7Ryere resolved by SDS-PAGE, transferred to nitrocellulose and probed
comprising the di-lysine signal was also able to localis@the th the antibodies described above. Immunoreactivity was detected
factor receptor (Ste2p) to the ER, similar to previoususing the ECL kit (Amersham Int., Amersham, UK) and the ECL
observations with aa-factor receptor hybrid bearing the di- signal was quantified by scanning films with a scanning densitometer
lysine signal of Wbplp (Letourneur et al., 1994). Interestingly(Molecular Dynamics, Sunnyvale, CA).

while the a-factor receptor with the Emp47p di-lysine signal
was no longer localised in the ER in a mutant affectingithe
COP subunit of coatomeret1-1), the steady state localization

Generation of new retl-alleles

New retl alleles were isolated as previously described (Letourneur et

I, 1994). Yeast cells expressing Ste2p-Wbplp were mutagenized
of Emp47p_ was unaffected. Here we analyse ~mor sing ethylmethane sulfonate (50% cell death) and plated at high
Comprehenswely the effects of mutantsa#COP and other ensity on YPD plates. Three days later, they were replica plated to
coatomer subunits on the retrograde transport of Emp47p. W8awn ofviATa cells, allowed to mate at 24°C for 6 hours, and replica
provide evidence for at least two types of functionally distinchjated to SD plates supplemented with histidine. The diploid cells that
di-lysine signals, and provide the first in vivo evidence for arew were sporulated and following tetrad dissectMiTa cells
differential function of coatomer subunits on the localizationexpressing Ste2p-Wbplp and capable of mating were isolated. The
of a particular di-lysine protein. different alleles were mapped by the allele recovery method
(Rothstein, 1991) and the mutated genomic fragments directly
sequenced by PCR.

MATERIALS AND METHODS Pulse-chase experiments
) N Analysis of the intracellular transport of the Inv-Wbplp and CPY was
Strains and growth conditions performed as previously described (Letourneur et al., 1994). Briefly,

Strains ofSaccharomyces cerevisiased in this study are listed in cells expressing Inv-Wbpl fusion protein (pEG1-KK) were
Table 1. Unless otherwise mentioned, strains were grown in YPUARreincubated for 10 minutes at the indicated temperature, pulse-
(2% yeast extract, 2% peptone, 40 mg/ml uracil and adenine, and 2%beled for 10 minutes with Tra$8S-label and chased for 0 or 60

glucose) to exponential phase (082" cells/ml) at 30°C. minutes. Equal amounts of cells were removed, and the fusion protein

) ) o was recovered by immunoprecipitation, treated with endoglycosidase
Generation of myc tagged Ste2p with the cytosolic tail of H to remove N-linked oligosaccharides, and resolved by SDS-PAGE.
Emp47p CPY was immunoprecipitated from the supernatant of the invertase

A myc epitope was inserted into the second extracellular loop of thenmunoprecipitation and analyzed by SDS-PAGE. Pulse-chase
previously described Ste2p-Emp47ptail construct (Schréder et alexperiments to determine the turnover of Emp47p were performed as
1995) by exchanging thidpal/Clal fragment from the c-myc tagged follows. 2<107 cells per time point were harvested from a culture

complete receptor (Hicke et al., 1997). grown to log phase in YPUAD medium at 30°C. The cells were
o o washed once with 15 ml of synthetic medium (1.7 mg/ml yeast
Antibodies and indirect immunofluorescence nitrogen base, 5 mg/m| (N‘B-bSQ, 2% g|ucose, Sqlg/m| each

The two antisera against Emp47p AT (for ‘anti-tail’) and AL (for leucine, lysine, tryptophan, histidine, uracil and adenine), resuspended
‘anti-lumenal’) have been described previously (Schréder et aland equilibrated in 2 ml synthetic medium for 15 minutes at 30°C. 2-
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4 yl Tran$5S-label (18 mCi/ml, 1459 Ci/mmol, ICN, Eschwege, In vitro binding studies

Germany) was added per time point and incubation was continued f@oding sequences for the cytoplasmic domains of Wbplp (GST-
15 minutes. Cells were then harvested by a 2 minute centrifugation WBP1 and GST-WBP1-SS; Cosson and Letourneur, 1994) and
room temperature and resuspended in (@idime point prewarmed Emp47p (GST-Emp47, sequence: LIRQEIKTKLL; GST-Emp47-SS,
(30°C) YPUAD containing chase solution (3 mM ammonium acetatesequence: LIRQEIISTSLL) were cloned into the polylinker of the
30 pg/ml each cysteine and methionine). Duplicate or triplicatebacterial expression vector pGEX-3X (Pharmacia). GST fusion
aliquots were taken after the desired chase-times and transferred imtmteins were constructed by polymerase chain reaction mutagenesis
prechilled tubes on ice containing NgNaF to yield a final (Higuchi et al., 1988). Yeast spheroplasts were prepared as described
concentration of 10 mM each. Cells were then either kept on ice untfFranzusoff et al., 1991) and lysed in Tris-Triton buffer (50 mM Tris-
the last chase point or in an alternative protocol washed with cold PB3CI, pH 7.6, 300 mM NacCl, 0.5% Triton X-100, protease inhibitors,
containing NaN/NaF and the pellets were frozen in liquid. ICells 1.8 mg/ml iodoacetamide, y/ml aprotinin, 2ug/ml leupeptin, 100

were simultaneously converted to spheroplasts and lysed hyg/ml phenylmethylsulfonyl fluoride) (Manolios et al., 1990). Yeast
incubation for 30 minutes at 30°C in 1Q0 of a PBS solution lysates (310 cells lysed in Tris-Triton buffer) were centrifuged for
containing 360 units lyticase/ml (Sigma, St Louis, MO), 100 @M 15 minutes at 20,009. Supernatants were incubated for 2 hours at
mercaptoethanol, 10 mM each NgNaF, 5 mM EDTA, and one 4°C (or otherwise indicated) with GST fusion proteins immobilized
tablet EDTA-free protease inhibitors/6 ml (Boehringer Mannheim,on Sepharose beads. Beads were washed once in Tris-Triton buffer, 4
Germany). Then 101 10% SDS was added and the tubes were shiftedimes in wash buffer (50 mM Tris-HCI, pH 7.6, 300 mM NaCl, 0.1%

to 95°C for 5 minutes. Insoluble material was removed byTriton X-100) once in phosphate buffered saline (PBS) and then eluted
centrifugation and the clear supernatant was mixed with 1.5 ml TNE®By boiling in reducing SDS sample buffer. Proteins were separated by
(100 mM Tris-HCI, pH 7.6, 100 mM NacCl, 5 mM EDTA, 1% Triton SDS-PAGE (8% gels), transferred to nitrocellulose for
X-100). Emp47p was precipitated with AL antibody (Schrdder et al.jmmunoblotting as already described (Cosson and Letourneur, 1994)
1995) and Protein A-beads (UltraLink; Pierce, Rockford, IL)and revealed by enhanced chemiluminescence (Amersham, Arlington
overnight at 4°C. Beads were washed withl4ml TNET and 3 1 Heights, lllinois). When indicated the cells were lysed in Hepes-
ml urea/SDS buffer (2 M urea, 0.1% SDS, 50 mM Tris-HCI, pH 7.6)Triton buffer (50 mM Hepes, pH 7.3, 90 mM KCI, 0.5% Triton X-
prior to boiling in reducing sample buffer and loading for SDS-PAGE 100, protease inhibitors) (Manolios et al., 1990). After incubation
The radioactive signals in the dried gels were recorded and quantifiedth the lysates, beads were washed 3 times in Hepes-Triton buffer
with a phosphorimager system (Molecular Dynamics, CA) and once in 50 mM Hepes, pH 7.3. Expression and purification of

Table 1. Yeast strains used in this study

Strain Genotype Source
EGY101 MATa, retl-1, ura3, leu2, his3, trpl, sut? Letourneur et al., 1995
FLY76 (RH3445) MATa, retl-4, ura3, leu2, his3, lys2, ste2::LEU2 F. Letourneur
FLY77 MATa, retl-2, ura3, leu2, his3, lys2, ste2::LEU2 F. Letourneur
FLY81 (RH3447) MATa, retl-5, ura3, leu2, his3, lys2, ste2::LEU2 F. Letourneur
FLY89 (RH3449) MATa, ret3-1, ura3, leu2, his3, trpl, suA® F. Letourneur
PC130 (RH3440) MATa, ret2-1, leu2, ura3, his, lys2, suA® P. Cosson
PC133 MATa, ret2-1, leu2, ura3, lys2, his4, sx® Cosson et al 1996
RH448 MATa, his4, leu2, ura3, lys2, barl Lab strain
RH732 RH448 excepgiep4::URA3 Lab strain
RH1469 MATa, sec21-1, ura3, his4, leu2, lys2, barl Lab strain
RH2047 RH1469 excemep4::URA3 Lab strain
RH2329 MATa, leu2, ura3, his3, trpl, lys2, sut2 Lab strain
RH2688 MATa, sec27-1, his4, ura3, leu2, barl Lab strain
RH3187 MATa, retl-1, ura3, leu2, trpl, his Lab strain
RH3274 RH3187 excemep4::URA3 Lab strain
RH3441 PC130 excepep4::URA3 This study
RH3446 FLY76 exceppep4::URA3 This study
RH3448 FLY81 exceppep4d::URA3 This study
RH3453 RH1469 excephycSTE2EMP47Ptail::URA3 This study
RH3493 MATa, retl-2, ura3, his, leu2, pep4::URA3 This study
RH3494 MATa, retl-2, ura3, his, leu2 This study
RH3499 MATa, retl-1, trpl, ura3, leu2 This study
RH3501 MATa, sec23-1, ura3, leu2 This study
RH3502 MATa, retl-1, sec23-1, ura3, leu2 This study
RH3505 FLY89 exceppep4::URA3 This study
RH3515 RH448 excephycSTE2EMPA47tail::URA3 This study
RH3516 PC130 exceptycSTE2EMP47Ptail::URA3 This study
RH3517 FLY89 exceptnycSTE2EMP47Ptail::URA3 This study
RH3518 FLY81 excepinycSTE2EMP47Ptail::URA3 This study
RH3519 FLY76 exceptnycSTE2EMP47Ptail::URA3 This study
RH3520 RH3494 excephycSTE2EMP47Ptail::URA3 This study
RH3521 RH2688 excephycSTE2EMP47Ptail::URA3 This study
RH3522 RH3187 excephycSTE2EMP47Ptail::URA3 This study
RH3603 MATa, sec23-1, trpl, his, ura3, leu2, mycEMP47::.LEU2 This study
RH3604 MATa, retl-1, sec23-1, his, ura3, leu2, mycEMP47::.LEU2 This study
RH3605 MATa, ura3, leu2, mycEMP47::LEU2 This study
RH3606 MATa, retl-1, trpl, ura3, leu2, mycEMP47::LEU2 This study

RH3609 RH2688 excepiep4::URA3 This study
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GST fusion proteins were performed as described (Smith and
Johnson, 1988).

RESULTS

The retrograde transport of Emp47p is not affected
by the ret1-1 mutation

We previously demonstrated that the Golgi protein Emp47p
contains a functional di-lysine ER-recycling signal and that
mutations in this signal led to a rapid transport of the protein
to the vacuole. Recycling of Emp47p could be demonstrated
by trapping Emp47p in the ER upon block of export from the
ER by using a temperature-sensithee12mutation (Schroder

et al.,, 1995). The ER protein Secl2p is required for the
formation of COP ll-coated vesicles leaving the ER (Barlowe
and Schekman, 1993). Unexpectedly the steady state
localization of Emp47p was not affected in a strain with the
mutantretl1-1allele of the gene coding for-COP, the largest
subunit of coatomer, even though the ER localization of a
chimeric reporter protein consisting of the cytoplasmic tail of
Emp47p fused tax-factor receptor (Ste2-Emp47ptail) was
completely lost. This latter finding was similar to the behavior
of an analogous fusion protein of Ste2p with the di-lysine
signal of Wbplp (Letourneur et al., 1994; Schroder et al.,
1995).

The question remained then whether the failureetdf-1to
change the steady-state distribution of Emp47p reflected
Retlp-independent recycling of Emp47p. We attempted to
address this question in secl2/retl-1double mutant, the
rational being that ifet1-1would block retrograde transport,

a redistribution of Emp47p into the ER should be abolished.
For unknown reasons ttsecl2/retl-Idouble mutants did not
yield reproducible results. Therefore we assayed the effect of
retl-1 on Emp47p recycling in combination with tkec23-1
mutation. Sec23p is an essential component of the coat of COP
ll-coated anterograde ER transport vesicles (Hicke et al., 1992;
Barlowe and Schekman, 1993; Yoshihisa et al., 1993) and has
already been shown to trap recycling Emp47p in the ER (Lewis
and Pelham, 1996). We grew cells at the permissive
temperature of 24°C, added cycloheximide to avoid any
contribution of newly synthesized Emp47p to the ER-signal
and then either shifted the cells to #ex23-1Inonpermissive

Fig. 1. Retrograde transport of Emp47p persisteid-1 mutant

cells. Cells were grown to log-phase in YPUAD at 24°C. After the
addition of cycloheximide the cells were either kept at 24°C or
shifted to 35°C for 60 minutes prior to immunofluorescence analysis
(A) or sucrose density-gradient sedimentation analysis (B). (A) Wild-
type (RH3605)sec23-1RH3603),ret1-1(RH3606) andec23-
1/ret1-1(RH3604) withmyc-EMP47ntegrated into the genome

were fixed after incubation at the indicated temperatures and probed
for myc-Emp47p. For the incubation at 35°C the DNA was
visualised by DAPI staining. Each panel corresponds to 22 mm

(B) 10° cells ofsec23-1(RH3501),ret1-1(RH3499) andec23-
1/ret1l-1(RH3502) strains were osmotically lysed and the cleared
lysates were loaded onto sucrose gradients. After centrifugation the
gradients were fractionated into 13 fractions. Samples of each
fraction were subjected to SDS-PAGE and blotted onto nitrocellulose
filters. Emp47p was detected by AL-antibody and the resulting ECL-
signals were quantified by scanning densitometry of exposed films.
Open circles: 24°C; filled circles: 35°C.
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Fig. 2. Characterisation of '_[hree new A D A B c
alleles ofretl. (A) Sequencing of the
retl mutant alleles reveals that the MKMLTKFESKSTRAKGIAFHPSRPWVLVALFSSTIQIWD 1-39

- ; : YRMGTLLHRFEDHEGPVRGLDFHPTQPIFVSAGDDYTIKVWS 40-81
mutations are in the N-terminal LDTNKCLYTLTGHLDYVRTVFFHRELPWIISASDDQTIRIWN 82-123
domain of Retlp. The N-terminal WONRKETACLTGHNHFVMCAQFHPTDDLIVSASLDETTRIWD 124-165
domain of Retlp comprising the Six ISGLRKRHSAPGTSSFEEQMSAQONLLDGSLGDCVVKFILEGHTRGVNWASFHPTLPLIVSGSDDRQVKIWR 166-237
WDA40 repeats with their foys- MSATKAWEVDTCRGHTNNVDSVIFHPHONLIISVGEDKTLRVWD 238-281
strands D. A. B. C (according to Wall LDKRTPVKQFKRENDRFWLIAAHPHINLFGAAHDSGIMVKFL 282-323
et al., 1995) and a C-terminal
extension up to amino acid 323 is ts mutants: retl-1 G227 to D
depicted to line up the repeats. Amino on s mutants: retl-2 ggii Lo F
acids conserved between the WD40 [ retl-5 G317 to S

repeats of Retlp and the repeats in the

B-subunit of heterotrimeric G-proteins

are printed in bold face. Amino acids

that are mutated in thretl alleles are B

bold and underlined. The alleles are wt ret1-1 retl1-2 ret1-4 retl-5

classified according to ts or non-ts

phenotype. (B) Pulse-chase analysis of chase 0 1 0 1 0o 1 0o 1 0o 1

the transport of CPY to the vacuole.

Cells (wt, RH2329ret1-1,EGY101; P2 —= == as F = —

retl-2,FLY77; ret1-4,FLY76; retl-5, p1 //: -— — —_ - -—
m

FLY81) expressing Inv-Wbp1 fusion

protein were pulse-labeled for 10

minutes with Tran®S-label and

chased for 0 or 60 minutes at 30°C.

Cell extracts were prepared and CPY ¢

was recovered by immunoprecipitation wi reti-1 ret1-2 reti-4 reti-5
from the extracts. The protein was
analysed by SDS-PAGE followed by chase 0 1 o 1 0 1 0 1 0 1
autoradiography. The positions of the

ER-core glycosylated form (p1), the | = —— —

Golgi-modified form (p2), and the Ty A e

vacuolar mature form (m) of CPY are P - il o
indicated. (C) Pulse-chase analysis of

the transport of Inv-Wbp1 fusion

protein to the vacuole. Inv-Wbplp was immunoprecipitated from the extracts described in B, N-linked glycans were remaweet biyvitith
EndoH, and the protein was analysed by SDS-PAGE followed by autoradiography. Intact (I) and processed (P) fusion pretiat m@rat
and 56 kDa, respectively.

temperature of 35°C for 60 minutes or kept the cells at 24°Gt 24° or 35°C after the addition of cycloheximide.réml-1
Note thatretl-1 is already defective for the retention of cells (Fig. 1B, top panel), Emp47p fractionated identically at
mycSte2-Emp47ptail at 24°C (data not shown). ForR4°C and 35°C. Most of the Emp47p was located in the middle
immunofluorescence analysis of Emp47p recycling wef the gradient where Golgi-membranes fractionate (Schroder
integrated a myc-tagged version of Emp47p (Schroder et akt al., 1995), and a small amount sedimented to the bottom of
1995) into the genome of the cells in order to achieve a motee gradient, where ER is found (Schrdder et al., 1995). In
pronounced staining. As can be seen in Fig. 1A, at 24°C icontrast, there was a clear difference in the fractionation
sec23-1 cells, myc-Emp47p was localised to punctateproperties of Emp47p in microsomes derived freaet23-1
structures representing the yeast Golgi. At 35°C, myc-Emp47gells incubated at 24°C and 35°C respectively (Fig. 1B, second
was redistributed to the ER as visualised by the relocation @fanel). The majority of Emp47p that was present in the middle
the fluorescence signal around the nucleus (compare to DARIf the gradient (i.e. Golgi) when cells were incubated at 24°C
stain). Wild-type cells retained their typical punctate Golgiwas shifted to the bottom of the gradient (i.e. ER) after the cells
pattern when stained for myc-Emp47p at both temperatures. had been incubated at 35°C, indicative of retrograde transport.
retl-1cells, myc-Emp47p did not change its pattern upon shiffhe same happened in the double-musaa?3-1/retl-1Fig.
to 35°C. However, in theretl-1/sec23-1cells Emp47p 1B, third panel), confirming the result of the
relocated to the ER, indicating that retrograde transport wasimunofluorescence analysis.
still occurring in the double mutant. o

The same effect could be observed using an independerharacterization of three new  retI-mutant alleles
experimental approach, the biochemical analysis of retrogradeis possible that the lack of effectreft1-1on the recycling of
transport by differential sedimentation of microsomes orEmp47p was due to a peculiarity of that allele. Therefore, we
sucrose density gradients (Schroder et al.,, 1995). Fig. l&haracterised three novetl-mutant alleles. These alleles were
shows the distribution of Emp47p on sucrose gradients whicisolated by a genetic screen described previously (Letourneur
had been loaded with subcellular fractions obtained feifit et al., 1994) based on the mislocalization of a reporter protein
1-, sec23-1 andsec23-1/ret1l-Lells incubated for 60 minutes consisting of the cytoplasmic tail of WBP1 (containing a di-



3464 S. Schroder-Kéhne, F. Letourneur and H. Riezman

A wt ret1-1 ret1-2 ret1-4 ret1-5

Rer1p
mycSte2- mycSte2-
Empd47p Emp47p
tail tail
Kar2p Kar2p

Fig. 3. Differential effect ofretl on the localization of two proteins with the same di-lysine signal inrédfialleles. Immunofluorescence
analysis of the steady state localization of Emp47p and myc-Ste2-Emp47ptail in relation to other organellar markersyp®) (&)det1l
mutants. The cells in A and B are isogenic in each column with the following exceptions: the three uppermost papdls(aite RH732;

retl-1, RH3274retl-2 RH3493;retl-5 RH3448;retl-4 RH3446). The cells in the two lowermost panelsRE®4and express mycSte2-
Emp47ptail (wt, RH3515et1-1, RH3522;ret1-2 RH3520;retl-5 RH3518;retl-4, RH3519). Cells were grown at 30°C in rich medium prior
to fixation. Note that the subcellular distribution of Emp47p was preserved in cells with mttaileles, whereas mycSte2-Emp47ptail lost
its ER-localization in all coatomer-mutants. Emp47p was detected by a mixture of AL- and AT-antibodies, Rerlp was detdisiedifry a
provided by H. D. Schmitt, Kar2p antiserum was provided by R. Schekman and mycSte2-Emp47ptail was detected with a-mBEdQtibody
DIC, differential interference contrast. Each panel corresponds to 22 mm

lysine signal) fused to the alpha factor receptor, Ste2p. We Retrograde transport in the mutants was analysed by
sequenced the mutametl-alleles and found the mutations to be monitoring the escape to the vacuole of the di-lysine reporter
located either in the fifth WD 40 repeat of Retlp or in theprotein, Inv-Wbpl, consisting of the entire invertase protein
immediate C-terminal vicinity of the sixth repeat (Fig. 2A).fused to the transmembrane domain and cytoplasmic tail of
Interestingly two of the allelesetl-4 retl-5 did not display Whbplp (Gaynor et al., 1994). The mislocalization of this
a temperature-sensitive growth phenotype at 37°C (Fig. 2A). Tchimeric protein to the vacuole becomes visible due to its
assess a possible defect in the biosynthetic pathway in thogacuole-specific proteolytic cleavage product (Letourneur et
mutants we analysed the transport of the vacuolar proteaak, 1994). Cells expressing Inv-Wbplp were pulse-labeled for
carboxypeptidase Y (CPY) to the vacuole. Cells werelO minutes and chased for O or 60 minutes. The fusion protein
preincubated at the indicated temperatures for 10 minutegas then recovered by immunoprecipitation, treated with
before a $°S]methionine pulse labeling of 10 minutes. Cellsendoglycosidase H (endoH), and resolved by SDS-PAGE. In
were then chased for one hour and CPY was isolated hgontrast to wt-cells, alietl alleles displayed nearly complete
immunoprecipitation. None of the new allelest1-2to retl-5, cleavage of Inv-Wbpl within the chase period indicating a
had a strong anterograde transport defect as judged by tfalure to recycle the reporter protein from the Golgi to the ER
complete maturation of CPY within the chase-time (Fig. 2B). (Fig. 2C).
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None of the retl mutant alleles abolishes Golgi- 121 spots were overlapping, amounting to 81% or 74%
localization of Emp47p colocalization, respectively. Rerlp also yielded a punctate
We then tested the influence of the nonetl-alleles on the pattern inretl mutant cells (Fig. 3B), providing additional
intracellular localization of various marker proteins by indirectevidence that the general Golgi-structure was not drastically
immunofluorescence. The mutant cells along with wild-typealtered inretl-mutant cells.
controls were grown at 30°C, a permissive growth temperature A myc-tagged chimaera of Ste2p and the cytoplasmic tail of
for all of theretl-mutants. Thus the following observations Emp47p (mycSte2-Emp47ptail) was localised to the ER in
were made with viable cells. In order to be able to visualize wild-type cells (Fig. 3A, row 4). It shows the same typical ER-
potential mislocalization of Emp47p to the vacuole wefluorescence pattern as the yeast ER protein, Kar2p (Fig. 3A,
disrupted thePEP4 gene coding for vacuolar proteinase A, row 5), most characteristically staining the nuclear envelope.
preventing Emp47p degradation after arrival in the vacuolés observed with Ste2-Emp47ptailretl-1cells (Schroder et
(Schroder et al., 1995). As can be seen in Fig. 3Betl al., 1995), the ER-pattern was completely lost for mycSte2-
alleles behaved indistinguishably for the markers analysedEmp47ptail in allretl mutant strains. Instead we saw a
Endogenous Emp47p yielded a punctate pattern comparablegeripheral staining, typical of plasma membrane (Fig. 3B, row
that observed in wild-type cells (Fig. 3A). Only occasionally4). Note that the Kar2p-staining is identical in wt cells and in
could one detect a faint vacuolar staining in t-mutant  theretl-mutants (Fig. 3B, row 5).
cells upon comparison with the differential interference o ) )
contrast (D|C)_images (F|g 3B, vacuoles appear a§mp47p is mislocalised to the vacuole in mutants
indentations). This finding was corroborated by analysing thaffecting p’-, y-, 3- or -COP
proteolytic turnover of Emp47p in pulse-chase experiment$he ability to localise Emp47p correctly in strains with
(Fig. 4). Cells which werPEP4were kept at 30°C throughout different retl alleles raised the question whether this
growth, pulse and chase. Aliquots were taken after thebservation would hold for mutants in other coatomer
indicated chase-times and Emp47p was immunoprecipitateslibunits as well. The immunofluorescence analysis (Fig. 5)
from the lysed cells. From the phosphorimager-analysis (Figghows that in cells carrying the mutant allesex27-1((3-
4) it is apparent that Emp47p turnover was slightly faster i©OP),sec21-1(y-COP),ret2-1(3-COP) andet3-1({-COP)
retl-2, 1-4and1-5 cells than in wild-type cells, but this was a Emp47p could be visualized in the vacuoles of those cells
marginal effect when compared to the accelerated turnover grown at 30°C (compare DIC-images in Fig. 5). Partial
sec27-1cells (Fig. 4) which will be further described below. mislocalization to the vacuole was already visible at 24°C

In order to assess Golgi-structure independently of Emp47fata not shown). We assayed the turnover of Emp47p in
we assayed another Golgi-protein, Rerlp (Boehm et al., 199dec27-1cells in order to obtain a quantitative estimate of
Sato et al., 1996; Boehm et al., 1997). We found that Rerljpansport to the vacuole in comparison with tetl alleles.
colocalizes extensively with Emp47p. From a doubleWe found that the apparenizat 30°C in thesec27-Imutant
immunofluorescence experiment 30 wild-type cells expressingas reduced to less than one hour (Fig. 4), close to the
myc-Emp47p were analysed. 150 Rerlp-positive fluorescemtaximally possible value of about 50 minutes observed with
spots and 163 spots for myc-Emp47p were recorded, of whidn Emp47p variant lacking a functional di-lysine signal
(Schroder et al., 1995). Fosec21-1cells a drastically
increased turnover of myc-tagged Emp47p has been reported
(Lewis and Pelham, 1996).

In the nonretl coatomer mutants the Golgi-protein Rerlp

120

(see above) was still detected in punctate structures (Fig. 5, row
3). Thus the Golgi morphology was not grossly disturbed and
90 the release of Emp47p showed specificity. Recently it was
—— wt found that Rerlp itself recycles through the ER in a coatomer-
3 —— sec27-1 dependent fashion (Boehm et al., 1997), although the recycling
‘é 60 —O0— rerl- signal of Rerlp is unknown. However, Rerlp did not
§ —— retl2 apparently leave the Golgi in an anterograde direction in any
30 —n— et 4 of the coatomer mutants.
—0— retl'S MycSte2-Emp47ptail was mislocalised to the plasma-
membrane in the noretl coatomer mutants (Fig. 5, row 4),
0 , , , equally to theeetl strains. Kar2p staining, however, constituted

0 30 60 90 120 a second systematic difference betweenr¢itand the non-
chase-time [min] retl coatomer mutants. Isec27-1andret2-1 cells especially,

) _ ~ we observed that the Kar2p signal concentrated into spots (Fig.
Fig. 4. Pulse-chase turnover of Emp47p in coatomer mutants. Wild- 5 g 5 compare Fig. 3A and B, row 5) reminiscent of BiP-
type (RH448)retl mutant cellsretl-1, RH3187 ret1-2, RH3494; iae  (Nichi y : :
retl-5 FLY81; ret1-4 FLY76) andsec27-Icells (RH2688) were bodies (lehlkawg et al, 1994). At a slightly higher

temperature of 32°C similar spots containing Kar2p were also

grown to log-phase, pulsed for 15 minutes with Tfé®dabel and .
chased for the indicated times, at which duplicate or triplicate apparent irsec21-1andret3-1cells (data not shown).

samples were taken. After cell lysis Emp47p was precipitated with
AL-antibody and the dried gels were analysed with a Cpatomer from retl-1 pells but not from ret2-1 cells
Phosphorimager system. Curves represent the average of three ~ Pinds to the cytosolic tail of Emp47p

independent experiments. Although we have shown that the di-lysine signal of Emp47p
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sec27-1 sec21-1 ret2-1 ret3-1
o . - .
- P
Fig. 5.Emp47p is mislocalised to the DIC

vacuole in coatomer-mutants other than

retl. Immunofluorescence analysis of the

steady state localization of endogenous

Emp47p and mycSte2-Emp47ptail in

relation to other organelle-markers. The

cells shown in each column are isogenic

with the following exceptions: the three Rerip
uppermost panels apep (sec27-1

RH3609;sec21-1 RH2047 ret2-1,

RH3441;ret3-1, RH3505). The cells in the

two lower panels arBEP4and express
mycSte2-Emp47ptaisec27-1 RH3521;
sec21-1RH3453ret2-1, RH3516;ret3-1,

RH3517). Cells were grown at 30°C in ~ mycSte2-
YPUAD prior to fixation. Note that both Emp47p
Emp47p and mycSte2-Emp47ptail are .
mislocalised. Emp47p was detected by a tail
mixture ofa-lumenal andx-tail antibodies,

Rerlp was detected by antiserum provided

by H. D. Schmitt, Kar2p antiserum was

provided by R. Schekman and mycSte2-

Emp47ptail was detected with a-myc Kar2p

Antibody 9E10. DIC, differential a
interference contrast. Each panel f\‘
corresponds to 22 nfn

is essential for Golgi localization and that it can be functionallfrue whether the binding reaction was performed at 4°C or at
transplanted onto a reporter-protein, direct evidence is missir8P°C, the latter temperature being the one used to analyse
to show that the tail of Emp47p interacts physically withEmp47p distribution in vivo. The picture was different with
coatomer. Therefore we performed in vitro coatomer bindingoatomer isolated fromet2-1 cells which have a defective
experiments with yeast lysates from wild-type and coatome€OP subunit. Both Wbp1p-tail and Emp47p-tail boust@-1-
mutant cells. Fig. 6A shows that a GST-fusion protein with theoatomer at 4°C (Cosson et al., 1996), but not at 30°C. This in
cytosolic tail of Emp47p was able to bind wt-coatomer as doedgtro binding behavior parallels the mislocalization @t2-1)
the positive control, a GST-fusion protein with the tail ofor lack of mislocalization (inretl-1) of Emp47p in the
Wbplp (Cosson and Letourneur, 1994). As with the Wbplprespective mutants in vivo. However, it does not help to explain
tail, the binding was dependent on the two lysine residueghe in vivo effects seen on the mycSte2-Emp47ptail hybrid,
because binding was abolished when these two residues wevhich is mislocalised in botret1-1 andret2-1
mutated to serine (lanes labeled S in Fig. 6A). All coatomer
subunits were bound to Emp47p tail as tested by
immunoblotting, excluding the possibility that only a subset oDISCUSSION
coatomer components binds to the Emp47p-tail. The binding
efficiency was somewhat lower than with the Wbplp-tail. The protein complex coatomer is part of the sorting and
We next investigated whether there would be a correlatiotransport machinery that is required for the retrograde Golgi to
between the in vivo effects of coatomer mutants on Emp47@R transport of di-lysine tagged- and other transmembrane
localization and the in vitro binding of coatomer. It hasproteins like Erd2p (Letourneur et al., 1994; Lewis and
previously been found that coatomer fraatl-1 cells was Pelham, 1996; Sonnichsen et al., 1996; Orci et al., 1997),
incapable of binding to the Wbplp tail (Letourneur et al.Secl2p (Sato et al., 1996) and Rerlp (Boehm et al., 1997). In
1994). When we performed the same experiment with ththis work, we have shown that the retrograde transport of a
Emp47p tail we found, surprisingly, that coatomer fr@ti-  particular di-lysine protein, Emp47p, was differentially
1 cells could still bind to the Emp47p tail (Fig. 6B). This wasaffected by mutations in different subunits of coatomer.
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Mutations in thef'-, y-, 8- and{-COP subunits of coatomer localization of Ste2p tagged with the di-lysine-signal of Wbp1p
led to a release of Emp47p from the Golgi to the vacuole tfLetourneur et al., 1994; Cosson et al., 1996). Additionally,
the same extent as an inactivation of the di-lysine sortingetl-nstrains mislocalize an invertase-di-lysine fusion protein
signal. All of these mutations also led to a loss of ERo the vacuole much more efficiently than the other coatomer
localization of the mycSte2-Emp47ptail and Invertase-WbpInutants (Fig. 3A, compare Cosson et al., 1996; Letourneur et
reporter proteins. On the other hand, different mutations in thal., 1994). Therefore, it is unlikely that thetl-n alleles are
0-COP gene RET) completely mislocalised the mycSte2- simply weak mutations. It is more likely that tie1-nstrains
Emp47ptail and Invertase-Wbpl reporter proteins but did ndiehave in a divergent fashion from the other mutants with
strongly affect Emp47p localization (Figs 2B, 3B). Does thigegard to Emp47p and other di-lysine tagged reporter proteins
represent differential requirements for coatomer subunits ifinv-Wbp1, Ste2-Wbp1, Ste2-Emp47ptail) due to a qualitative
vivo or could the differential effects on Emp47p localizationmodification of coatomer function. Another systematic
be simply related to the relative severity of the mutatietg¢{ difference pointing to a special role of Retlp in coatomer
n ‘weak’, the others ‘strong’) with regard to a single functionfunction is the distribution of the ER chaperone, Kar2p (yeast
of coatomer? BiP). In retl-n cells Kar2p localization was normal, while in
All tested retl-alleles released the mycSte2-Emp47ptailthe nonretl mutants, Kar2p was localised to discrete spots
reporter to the plasma membrane indistinguishably from theimilar to those described for various secretory mutants, among
other coatomer mutantsec27-1 sec21-1 ret2-1 or ret3-1  them sec21 (Nishikawa et al.,, 1994). The reason for the
(Fig. 3B, compare Fig. 5). Furthermometl-1 has an even formation of ‘BiP-bodies’ is not clear, but it may be interesting
more pronounced phenotype than other coatomer mutants tmnote that BiP-body formation does not seem to correlate with
the mating-based assay which measures defects in the Hfie secretory defect of coatomer mutants because among the
mutants with apparently no or only a minor ER to Golgi

,l transport defectrétl-n sec27-1ret3-1 Duden et al., 1994;
A Q’\ QD; Letourneur et al., 1994; Cosson et al., 1996) one finds mutants
\ﬁ% Q}l\ that form BiP bodiessgec27-1ret3-1) and others that do not
Beads (ret1-n).
[P —— The molecular architecture of the coatomer complex(es) is
SKSK only slowly emerging (Lowe and Kreis, 1995; Faulstich et al.,
o 1996; Harter et al., 1996; Lowe and Kreis, 1996; Duden et al.,
1998). Among the biochemical functions attributed to
B coatomer subunits are in vitro binding to membranes and
" receptor-tails (Cosson and Letourneur, 1994; Letourneur et al.,
B s 1995; Lowe and Kreis, 1995; Cosson et al., 1996; Fiedler et
COPs E al., 1996). A subcomplex consistingaf (3'-, e-COP has been
Y i shown to bind to di-lysine signals in vitro (Cosson and
5 Letourneur, 1994; Lowe and Kreis, 1995; Fiedler et al., 1996;
Harter et al., 1996) whereas3a y-, (-COP subcomplex has
€ - - been claimed to bind a novel phenylalanine-containing signal
in vitro (Fiedler et al., 1996).
Our in vitro binding experiments provide new pieces of
B information to the still rudimentary picture. Coatomer from
WT retl-1 ret2-1 ret2-1 (defective in3-COP) showed a temperature-dependent
loss of in vitro binding to both Wbp1p-tail and to Emp47p-tail,
B despite the fact that am, B'-, e-COP subcomplex devoid of
cads W E w E w _E 0-COP was still able to bind di-lysine signals. Therefore,
TOC 430430 430430 430430 mutant &COP may disturb the structure of the coatomer
complex in a way that changes the binding properties- of
0-COP = — — - — B'-, e-COP. Alternatively, multiple subunits, includiRgCOP,
could bind to di-lysine containing tails, perhaps being
Fig. 6.Binding of coatomer to the di-lysine signal of Emp47p. regulated by the specific nature and sequence context of the

(A) Whole wild-type cell lysate (RH2329) was incubated for 2 hours signal. This assumption may reconcile the finding y@aOP

at 4°C with immobilized GST fusion proteins comprising the di-lysinecan be crosslinked to di-lysine signals (Harter et al., 1996).
signals of Wbp1p or Emp47p in either wild-type form (labeled K) or  Our in vitro binding data ofet1-1 mutant coatomer add a
with a Lys to Ser mutation (labeled S). The absorbed proteins were fyrther level of complexity to the interaction of coatomer with
eluted from the beads, separated by SDS-PAGE and the indicated di-lysine signals. While binding of coatomer fraet1-1cells

coatomer subunits were revealed by immunoblotting using an anti- to the Wbplp-tail is abolished. the Emp47p-tail binds the
COP | antiserum (kindly provided by Dr R. Duden). (B) Cell lysates ret1-1 mutgnrt) coatomer Wi'[h, approxir%atgly the same

of wild type (RH2329) andet mutant cellsiet2-1: PC133 retl-1: = . . ) .
EGY101) were prepared and incubated at 4 or 30°C as indicated on efficiency as wild-type coatomer. Two possible interpretations

the figure with immobilized GST fusion proteins comprising the di-  Of this result are: (1) 1fa-COP binds directly to di-lysine
lysine signals of Whp1p (W) or Emp47p (E). The adsorbed proteins Signals, then the signal must contain more information than the
were eluted from the beads and separated by SDS-RAGBP was  presence of the lysine residues. (2(4€OP is not the (only)
revealed by immunoblotting using arRCOP antiserum. signal-binding subunit, it may be neccessary to regulate the
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binding of other subunits to some types of di-lysine signal®/D40 repeats form a propeller-like structure with every repeat

(like Wbp1p) but not others (like Emp47p). contributing one blade (Wall et al., 1995; Clapham, 1996;
) o . Sondek et al., 1996). Both the blades and the top and bottom

Functional consequences of coatomer binding to di- surfaces of the protein interact with the other subunits of the

lysine signals G-protein. The conserved Ser/Thr-20 in a prototypic WD40

The inability of coatomer fronret2-1 and the ability of repeat is part of a hydrogen-bonded tetrad contributing to the
coatomer fronmretl1-1cells to bind Emp47p-tail correlates with stability of the propeller-blades (Wall et al., 1995). Ser226 in
the observation of mislocalization of Emp47p in vivaet2-  the fifth repeat of Retlp corresponds to Ser/Thr-20 and is
1 cells and the unaltered localization fietl-1 cells This mutated to a Phe imetl-2 The mutation inretl-1 is
suggests that di-lysine binding of coatomer may be requiredhmediately adjacent, at Gly227. It is, however, not clear what
for retrograde transport of the target protein. On the other handffect these mutations have on the structure and function(s) of
mycSte2-Emp47ptail, presenting the same di-lysine signal, Retlp and the whole coatomer complex. Importantly the ts-
equally mislocalised imret2-1 and retl-1 cells. It is clear phenotype ofretl-1 can be partially suppressed by the
already from the steady state distribution of Emp47p (Golgigxpression of a single copy-plasmid coding for an incomplete
and mycSte2-Emp47ptail (ER) in wild-type cells, that the di-RET1gene that does not contain the WDA40 repeats (Letourneur
lysine signal alone cannot account for the different traffickinget al., 1994). It seems, therefore, that a mutation in the N-
behavior of the two proteins. Many transmembrane proteinerminal WD40 repeat domain can exert a domicanacting
contain multiple features in their lumenal, transmembrane areffect at high temperatures on an essential coatomer function
cytoplasmic domains that ultimately determine theirmediated by the C-terminal portion of Retlp. Such a function
trafficking: e.g. composition and length of the transmembranenay be the interaction withCOP, which has been suggested
domain(s) (Bretscher and Munro, 1993; Munro, 1995)fo be disturbed in a very restrictive allele a@iCOP, ret1-3
lumenal interactions via protein or glycan-determinants (Itin eDuden et a].1998).

al., 1995; Scheiffele, 1995), shielding (Letourneur et al., 1995) In summary, our data show firstly that there are different
or covalent modification (Schweizer et al., 1996) of sortingypes of di-lysine signals which can be distinguished in vitro
signals, or presence of multiple cytoplasmic sorting signalby mutations in th&-COP subunit that differentially modify
(Itin et al., 1995; Kappeler et al., 1997). So it may not behe binding properties of coatomer to these signals. Secondly,
surprising that two proteins as different as the plasmathe binding of coatomer to these signals is likely to be required
membrane resident polytopic Ste2p and a type for retrograde transport, but the ability to bind these signals in
transmembrane protein of the Golgi would behave differentlyitro does not guarantee that a particular protein will be
in response to a signal for ER/Golgi localisation. It could bdransported in the retrograde pathway. Our data also further
that either: (a) Ste2p contains additional anterogradsupportthe crucial role of coatomer in the retrograde transport
information that overrides the recycling information in thepathway. The future development of an in vitro transport assay
retl-1 context; or (b) that Emp47p contains additionalfrom the Golgi to the ER should help us to investigate the
recycling information that keeps it recyclingretl-1 mutant  proposed multiple functions of coatomer subunits in more
cells, or (c) both. The short transmembrane-domain of Emp47getail.

may facilitate the partitioning of Emp47p to the rims of the
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