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Abstract

Cytoplasmic Hsp70s of SSA family, especially Ssalp, are involved in the degradation of a variety
of misfolded proteins in yeast. However the importance of other Ssa proteins in this process is
unclear. To clarify the role(s) of individual Ssa proteins in proteolysis, we measured the
breakdown of various cell proteins in mutants lacking different Ssa proteins. In mutants lacking
Ssalp and Ssa2p, the proteasomal degradation of short-lived proteins was reduced, which was not
restored fully by the over-expression of Ssalp. By contrast, the degradation of stable cellular
proteins did not require Ssa proteins. The degradation of the cytosolic model substrates (Ub-P-f-
gal and R-p-gal) and their ubiquitylation were inhibited by the inactivation of Ssa proteins. In
addition, Ssalp and the co-chaperone Ydjlp are indispensable for the intracellular degradation of a
mutant secretory protein, Sjjyama Variant of human antitrypsin. Our findings indicate that both
Ssalp and Ssa2p are essential for the ubiquitin-dependent degradation of short-lived proteins and
the requirements of Ssa proteins and the co-chaperones widely vary depending on the
conformations and folding status of the substrates.
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INTRODUCTION

Eukaryotic cells contain multiple species of Hsp70s; for example, human cells contain six
cytosolic Hsp70s including the constitutively expressed Hsc70 and multiple Hsp70 orthologs
exist in the yeast [1, 2]. In yeast cytosol, closely related but differentially expressed Ssa
proteins (Ssal-4p) function in the protein folding and the protein trafficking into the ER
while the ribosome-associated Ssb proteins (Ssb1-2p) are involved in the stabilization of
nascent polypeptides [3, 4]. Functions of Hsp70s are usually regulated by their co-
chaperones of DnaJ homologs and nucleotide-exchange factors, which are often regarded as
the mediators for functional diversity of Hsp70s [5].
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With their ability to bind selectively to unfolded proteins, Hsp70s also play important roles
in the selective degradation of proteins by the ubiquitin-proteasome system and the
lysosomal pathways through chaperone-mediated autophagy [6, 7]. In these processes,
Hsp70s aid in the recognition of substrates by the proteolytic machinery. Alternatively,
Hsp70s function as a cofactor facilitating the unfolding of proteins prior to the ubiquitylation
or simply maintain them in soluble conformations that are more susceptible to proteolytic
enzymes [6]. Ssa proteins (mostly Ssalp) and the co-chaperone Ydjlp are required for the
ER-associated degradation (ERAD) of several misfolded proteins [8-10]. We also reported
that Ydj1p is involved in the degradation of cytosolic short-lived and abnormal proteins in
general [11].

Functional studies of individual Ssa proteins in protein breakdown are difficult due to the
presence of multiple orthologs. Previous reports mostly focused on the involvement of Ssalp
for the degradation of ERAD substrates [8-10]. However, it is not yet clear whether other
Ssa proteins are dispensable for protein degradation. Although constitutively expressed
Ssalp and Ssa2p are 97% identical and compensate each other, they possibly have distinct
functions, e.g., in their ability to propagate yeast prions and in resistance to heat shock.
Moreover, yeast strains expressing individual Ssa proteins exhibit distinctive transcriptional
profiles [12, 13].

The present studies were undertaken to study the roles of individual Ssa proteins in the
breakdown of different classes of proteins. In addition, we compared the effects of Ssa
proteins and co-chaperones on the proteasomal degradation of cytosolic and ERAD
substrates. Here we present evidence that both Ssalp and Ssa2p are important for the
degradation of short-lived proteins generally and demonstrated that the requirements of Ssa
proteins and Ydj1p for the protein degradation vary widely depending on the conformations
and folding status of the client proteins.

MATERIALS AND METHODS

Yeast Strains and Plasmids

Yeast strains used in this study are as follows; wild-type (MATa his3-11,15, leu2-3,112,
ura3-52, trpl-1, lys2), ssalssa2 (WT, ssal::HIS3 ssa2..LEU2), ssalssa3 (WT, ssal..HIS3
5s5a3:: TRPI), ssalssa4 (T, ssal..HIS3 ssad.::LYS2), ssa2ssa3ssa4 (MATa his3-11,15,
leu2-3,112, ura3-52, trpl-Al, lys2 SSA1 ssa?-1 ssa3-1 ssa4-2), ssal-45 ts (MATa
his3-11,15, leu2-3,112, ura3-52, trp1-Al, lys2 ssal-45 ssa2-1 ssa3-1 ssa4-2) (provided by
Dr. E.A. Craig, Univ. of Wisconsin); yaj1-151 (MATa ade2-1, his3-11,15, leu2-3,112,
ura3-1, trp1-1, cani-100 Ayaj1-2::HIS3, LEUZ::yadf1-151), sis1-85(MATa ade2-1,
his3-11,15, leu2-3,112, ura3-1, trp1-1, cani-100 Asis1..HIS3, sis1-85 on LEUZ/CEN
plasmid) [11]. The expression plasmids for Ssalp (0GAL-SSAL), B-galactosidase fusion
constructs (Ub-P-gal and R-gal), and the Sjjyama Variant of human antitrypsin were provided
by Dr. S. Lindquist (MIT), Dr. S. Jentsch (Max-Plank Institute) and Dr. M.-H. Yu (KIST),
respectively.
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Measurement of Protein Breakdown

Yeast cells exponentially growing in SD medium supplemented with amino acids and
nucleotides at 28°C were collected by centrifugation and re-suspended in the same medium
without methionine. For temperature-sensitive mutants, cells were pre-incubated at 38°C for
30 min prior to labeling. To measure the breakdown of short-lived proteins, cells were
labeled for 10 min with 100 pCi of 35S-methionine (ICN). After labeling, the cells were
washed and re-suspended in fresh SD medium containing methionine (0.5 mg/ml) and
cycloheximide (0.5 mg/ml) (chase period). At given intervals, aliquots of cells were taken
and mixed with 100% TCA to give a final concentration of 10%. After incubation at 4°C for
1 h, the samples were centrifuged and the radioactivity in the TCA-soluble material was
measured. The rate of protein degradation is expressed as the percentage of incorporated
radioactivity converted into acid-soluble material during chase period. To measure the
breakdown of long-lived proteins, the cells were labeled with 20 uCi of [14C]-leucine (ICN)
for 2 h and incubated in SD medium containing excess leucine (and no cycloheximide) for
12 h to allow the degradation of the short-lived proteins. The release of radioactivity from
remaining cell proteins was then measured in the presence of excess leucine and
cycloheximde.

Pulse-Chase Experiments and Immunoprecipitation

Yeast cells carrying a B-gal or Sjiyama Variant of a;-antitrypsin were grown overnight at
28°C in raffinose-containing minimal medium. Cells were then incubated in galactose-
containing, methionine-free medium for protein induction for 6-8 h. After the induction,
cells were pre-incubated at 38°C for 30 min and pulse-labeled with 100 uCi of 35S-
methionine for 10 min. For the chase, cells were transferred to the medium containing
methionine (0.5 mg/ml) and cycloheximide (0.5 mg/ml) and then incubated at 38°C. At
given intervals, aliquots of cells were collected and re-suspended in IP buffer (50 mM Tris-
HCI, pH 7.5; 150 mM NaCl; 5 mM EDTA; 1% Triton X-100) containing protease inhibitors.
Cells were lysed by glass beads and the radioactivity incorporated into proteins (supernatant)
was measured by TCA precipitation. For immunoprecipitation, cell lysate was incubated
with 1 pl of anti-p-gal antibody (Promega) or anti-human AT antibody (Sigma) for 2-3 h at
4°C. The supernatants were then mixed with 20 pl protein A-Trisacryl beads (Pierce) for 2 h
at 4°C. The beads were washed with IP buffer containing 0.1 % SDS and boiled in 1x SDS
sampling buffer. The proteins were subjected to 10% SDS-PAGE and subsequent
autoradiography. The relative amounts of p-gal and antitrypsin were determined with a
Phosphorimager (Molecular Dynamics).

Affinity Chromatography of p-galactosidase

To isolate p-gal and the associated proteins, yeast cells expressing Ub-P-gal or M-gal were
grown in YP-galactose medium for 12 h for protein induction. Cells were collected and re-
suspended in buffer (50 mM Tris-HCI, pH 7.3; 200 mM NaCl; 5 mM MgCI2; 1 mM EDTA;
1 mM PMSF; protease inhibitors) and then lysed by glass beads. Equal amounts of proteins
(3—4 mg) were applied to a 1 ml column of p-aminobenzyl-1-thio-p-galactoside crosslinked
to agarose beads at 4°C and the bound B-gal was eluted with 8% lactose. The presence of
Ssalp or B-gal in the eluent was determined by western-blot with antibodies against human
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Hsp70 (StressGen) or B-gal (Promega). Enzymatic activity of p-gal was assayed as
described in * Yeast Protocol Handbook’ (Clonetech).

RESULTS

Effects of individual Ssa proteins on the breakdown of different types of cell proteins

Yeast SSA proteins are functionally redundant and can compensate for each other [13, 14].
To examine the role(s) of individual Ssa proteins in the breakdown of different types of
proteins, we utilized double mutant strains lacking different Ssa proteins. Among these
strains, ssaZ,2mutant was of particular interest because Ssalp and Ssa2p are constitutively
expressed and more closely related to mammalian Hsp70s. At 28°C, 10-min pulse-labeled
proteins were degraded at an initial rate of 8%/h in the wild-type whereas the degradation of
such proteins was reduced to 5%/h in ssaZ,2 mutant (Fig. 1A). Exposure of cells to increased
temperatures causes structural alterations of cellular proteins and increases the rate of
proteolysis. Upon switch to 38°C, the rate of protein breakdown increased about 2-fold
(8%/h to 15%/h) in the wild-type, but failed to increase significantly (5%/h to 6%/h) in
ssal,2mutant (Fig. 1B). By contrast, ssaZ,3and ssaZ,4 mutants did not show any clear
defect in the degradation of short-lived normal proteins (Fig. 1A and B). A possible
explanation for these results is that Ssa2p is more important for degradation of short-lived
proteins than Ssalp. To test whether the reduced proteolysis is due to the lack of Ssa2p or
both Ssa proteins are necessary for protein breakdown, we over-expressed Ssalp in ssal,2
mutant and then measured the degradation of pulse-labeled proteins. Although over-
expressed Ssalp increased the rate of proteolysis to some extent (10%/h vs. 6%/h), it was
still insufficient to fully restore to that of wild-type (18%/h) (Fig. 1C). These findings argue
that both Ssalp and Ssa2p are involved in the breakdown of short-lived proteins and support
that Ssa2p is indispensable for the degradation of certain proteins. Interestingly Ssa2p, but
not Ssalp, is required for vacuolar import and degradation of fructose-1,6-bisphosphatase
[15]. For further experiments, we then employed ssaZ, 3,4 triple mutant and ssaZ-45 ts
mutant. The ssaZ-45 ts mutant has been widely used because it allows rapid inactivation of
all Ssa proteins upon shift to the non-permissive temperature. In these mutants, the
breakdown of short-lived proteins at 38°C was reduced to a similar extent as seen in ssaZ,2
strain (Fig. 1D). Notably the defect in proteolysis in ssa2,3,4 strain was similar to that in
ssal-45 tsstrain in which all Ssa proteins are inactivated, which again suggests that Ssa2p is
necessary for the degradation of certain short-lived proteins and it cannot be fully
complemented by other Ssa proteins.

A 10-min pulse labels not only short-lived proteins but also the stable proteins, whose
degradation occurs mainly in yeast vacuoles [16]. In mammals, Hsp70 is involved in
lysosomal protein degradation through chaperone-mediated autophagy [7]. Unlike the short-
lived proteins, breakdown of the stable components was not reduced in any of the ssa
mutants. The degradation rate of long-lived proteins at 38°C was similar in the wild-type,
ssal,2mutant and ssaZ-45 ts mutant (about 2%/h) (Fig. 1E). Ydj1p, the co-chaperone of Ssa
proteins, is not required for the degradation of long-lived proteins either [11]. Thus it seems
that Ssa proteins and Ydj1p are required specifically for the proteasomal degradation of
short-lived and abnormal proteins.
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Effects of Ssa proteins on the degradation of B-gal fusion polypeptides

To further assess the requirement of Ssa proteins in the ubiquitin-dependent degradation of
cytosolic proteins, we chose the UFD substrate ubiquitin-proline-B-galactosidase (Ub-P-gal)
whose degradation requires Ubc4/5 and Ydjlp [11]. Although the degradation of short-lived
and abnormal proteins was defective, the breakdown of Ub-P-gal was not reduced in ssaZ,2
mutant or ssaZ,3,4 mutant (data not shown). However, this polypeptide became stable (t1, =
25-30 min) in ssa1-45 ts mutant while it was rapidly degraded in the wild-type (t1, = 25-30
min) (Fig. 2A). Presumably, the residual Ssa proteins in ssaZ,2and ssaZ,3,4 mutants support
the degradation of particular substrates although they are not sufficient to fully restore the
rate of overall proteolysis. Interestingly, a mutant form of yeast membrane ATPase also
showed a similar pattern of dependence on different Ssa proteins for its degradation [17].
The degradation of the “N-end rule” substrate arginine-p-galactosidase (R-gal) was also
reduced in ssaZ-45 ts mutant (Fig. 2A). Interestingly, co-chaperone Ydjlp is required for the
degradation of Ub-P-gal but not for that of R-gal, suggesting that Ssalp and Ydjlp do not
always cooperate in the protein degradation [11].

To determine if the reduced proteolysis by the inactivation of Ssalp is due to a defect in
protein folding or solubility, we measured the enzymatic activity of the p-gal in the soluble
fraction from ssaZ-45 ts mutant and wild-type. At 38°C, ssaZ-45 ts mutant carrying Ub-P-gal
showed much higher p-gal activity than the wild-type (Fig. 2B), confirming that non-
degraded p-gal are enzymatically active and that the reduced degradation of the cytosolic
substrates is caused by a specific defect in proteolysis.

Previously it was shown that Ssalp is involved in the ubiquitylation of several ERAD
substrates [9, 10]. To determine if Ssa proteins are also involved in the ubiquitylation of p-
gal, we pulse-labeled cells with 35S-met for 30 min and examined the ubiquitylation of Ub-
P-gal. In ssaZ-45 ts mutant, poly-ubiquitylated forms of Ub-P-gal were not readily detected
(Fig. 2C) confirming that Ssa proteins promote the ubiquitylation of substrates.

Association of Ssalp with the substrate

Ssa proteins could promote proteolysis either by affecting the folding of ubiquitylation
machinery or by facilitating its association of substrates. To determine if Ssa proteins
associate with Ub-P-gal, we isolated Ub-P-gal or wild-type M-gal together with their
associated proteins using affinity chromatography. Ssalp was found in appreciable amounts
in the fraction containing Ub-P-gal whereas much smaller amount of Ssalp was detected in
the fraction containing M-gal (Fig 3). Although much less of Ssalp was isolated with the
stable M-gal, these fractions contained at least 3 times more B-gal than the short-lived Ub-P-
gal. Such preferential binding of Ssalp to short-lived Ub-P-gal suggests that the direct
association with chaperones facilitates the ubiquitylation and subsequent degradation of
client proteins.

Requirement of Ssalp and Ydj1p for the degradation of Sjjyama variant of antitrypsin

To compare the chaperone requirements for the degradation of cytosolic vs. ERAD
substrates, we tested if a mutant of human a-antirypsin (a1-AT), Sjiyama Variant, also
requires Ssa-Ydjlp chaperones for its degradation. The Z variant of a1-AT causes AT
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deficiency by impeding the secretion and a.1-AT proteins accumulated in the ER are
subsequently degraded by ERAD pathway [18]. In yeast, the proteasomal degradation of Z
variant requires ER Hsp70, BiP, but not Ssalp [19]. By contrast, Sjiyama Variant was
stabilized in ssaZ-45 ts mutant (Fig 4A). We also examined the requirement of Ydjlp and
Sislp for its degradation. Inactivation of Ydjlp but not that of Sislp significantly reduced
the degradation of Sjjyama variant (Fig 4B), indicating that Ssalp and Ydjlp are both
required for the degradation of this variant. Interestingly, in yagjZ-151 mutant, the core-
glycosylated forms of Sjjyama Variant (indicated by an asterisk) were barely detected while
the inactivation of Ssalp did not affect the core-glycosylation (Fig 4A) suggesting that only
Ydjlp is involved in both the proteasomal degradation and the translocation of Sijyama
variant into the ER.

DISCUSSION

Ssa proteins have overlapping functions and the lack of a certain member can be
functionally replaced by another Ssa protein. However, recent findings suggested functional
specificity among Ssa proteins [13]. Interestingly we found that all the mutants defective in
proteolysis lack Ssa2p. In ssaZ,2 mutant, heat-damaged proteins are degraded at less than a
half of the rate seen in the wild-type. Moreover, ssa2 3,4 and ssal-45 tsstrains exhibited
similar defects in the degradation of heat-damaged proteins. Despite these observations, the
requirements of Ssalp and Ssa2p for the degradation of individual substrates seem to be
complex. Although the breakdown of the cytosolic substrate Ub-P-gal and several ERAD
substrates requires Ssalp [8-10], the failure of over-expressed Ssalp in the ssaZ,2 mutant to
restore fully the ability to degrade short-lived proteins and the involvement of Ssa2p in the
degradation of fructose-1,6-bisphosphatase [15] suggest essential roles of Ssa2p in the
degradation of certain proteins. Presumably some client proteins require Ssalp while others
need Ssa2p for their degradation.

Moreover, unlike cytosolic substrates, the involvement of Ssalp in ERAD pathway may vary
depending on the conformations and the degree of misfolding of substrates. For example,
Ssalp and Ydjlp are both required for the degradation of the Sjjyama variant of a;-AT while
Ssalp is not involved in the degradation of the Z variant [18]. Although both variants cause a
secretion blockage and antitrypsin deficiency, the underlying mechanisms are different. The
aggregation-prone Z variant (Glu342Lys) is defective in folding whereas Siiyama Variant
(Ser>3Phe) causes the loss of stability [20]. On the other hand, Ssalp is necessary for the
ERAD of several transmembrane proteins [9, 21]. Interestingly Ssalp facilitates the binding
of misfolded proteins to the ubiquitin ligases Sanlp and Ubrlp [19]. Perhaps the
requirements of Ssa proteins for ERAD substrates are determined by the specificity of the
E3 ligase(s).

It has been believed that Ssalp invariably functions with Ydjlp in protein degradation and
the folding process. However, both chaperones can bind to substrates independently and they
exhibit distinct substrate specificities. For example, DnaJ homologs can bind to certain
proteins at different sites than Hsp70 [22]. Moreover, the degradation of CFTR, which
requires Ssalp, was not significantly reduced by inactivation of Ydjlp [23]. Degradation of
the tumor suppressor VHL was affected by neither Ydj1p nor Sislp; instead the inactivation
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of the Hsp70 cofactor Stil stabilized VHL [24]. We also observed that the degradation of
Ub-P-gal requires both Ssalp and Ydjlp while that of R-gal only needs Ssalp [11]. Ub-P-
gal is targeted for ubiquitylation by UFD pathway and R-gal is ubiquitylated by the N-end
rule pathway. Ufd4p, the Ub ligase for UFD pathway, recognizes an N-terminal Ub moiety
on substrates whereas the Ub ligase Ubrlp binds to destabilizing N-terminal residues of the
N-end rule substrates [25]. Depending on the nature of client proteins and the associated Ub
ligases, Ssa proteins may cooperate with distinct DnaJ homologs. Findings that the core-
glycosylated forms of Sjjyama Variant were absent in ydjz-151 mutant while no such a defect
was observed in ssaZ-45 ts mutant suggest that Ydj1p is required for the translocation of
Siiyama Variant into the ER. Previous reports also demonstrated that inactivation of Ssalp
caused the accumulation of the non-glycosylated form of prepro-a-factor, while Ydjlp was
not necessary for this process [26, 27]. Probably the requirements of Hsp70-Hsp40 for the
degradation and the translocation of the individual substrate are much more complex than
we initially believed.

The finding that Ssalp and Ydjlp stably associate with Ub-P-gal implicates that this binding
is critical for ubiquitylation. Chaperones may enhance the Ub-dependent degradation of
proteins by preventing the aggregation of substrates or maintaining them in an unfolded
conformation, which is essential for the recognition by ubiquitination machinery. Although
the major function of chaperones in proteolysis seems to maintain substrates in a soluble
form, such an explanation cannot fully account for findings that the non-degraded B-gal
purified from ssaZ-45 ts mutant was not only soluble but also enzymatically active.
Presumably the association of Ssa proteins-Ydjlp with substrates helps maintain certain
domains in an extended conformation that promotes modification by the ubiquitylation
machinery. The chaperones may function either as factors that promote substrate recognition
by the E3s or as cofactors that facilitate their catalytic action.

In this report, we demonstrate that both Ssalp and Ssa2p are essential for the degradation of
short-lived and abnormal proteins. Whether a certain substrate requires Ssalp or Ssa2p for
its degradation could be determined by its conformation and folding status. Moreover, DnaJ
homologs other than Ydj1p may be involved in the breakdown of certain ERAD substrates.
Since the E3s are presumed to physically associate with Hsp70-Hsp40, certain E3 ligases
may bind to their substrates with the aid of substrate-specific chaperone complex. Future
studies, e.g., degradome analysis for the requirement of Ssa proteins and DnaJ homologs,
will allow us to gain insights into the mechanism by which cytosolic chaperones participate
in the ubiquitin-proteasome system.
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Fig. 1. The degradation of short-lived and long-lived proteins in mutants lacking different Ssa
proteins

(A-B) Wild-type (WT) and the ssal,2, ssal,3, ssal,4 mutants were labeled with 35S-
methionine for 10 min and the breakdown of pulse-labeled proteins were measured at 28°C
(A) or 38°C (B). (C) The plasmid carrying SSA1 gene (pGAL-SSAL) was introduced into
ssal,2mutant and the rate of degradation of short-lived proteins was compared with those of
WT and ssaZ,2 mutant. (D) Degradation of short-lived proteins in WT, ssa2,3,4 triple mutant
and ssal-45 ts mutant at 38°C. (E) Degradation of long-lived proteins in WT, ssaZ,2and
$sal-45 ts mutants at 28°C. Data represent means £ S. D. from three independent
experiments.

Biochem Biophys Res Commun. Author manuscript; available in PMC 2017 July 28.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Leeetal.

120

Remaining protein (%)

500

200

p-galactosidase activity
(unit/mg protein)

0

100 ®
80 -
60
40 -
20 -

400 -

300 -

100 -

Ub-Pgalﬁﬁ——agﬁ_

0 10 20 30 0 10 20 30 (min)

WT ssal-d5ts
R-gal e . -
. -
0 10 20 30 0 10 20 30 (min)
WT ssal-451s
Ub-P-gal 120 R-gal
ssal-45 ts é i ssaf-45 ts
P 100
@
s 80 1
(=5 |
o 60
€ 40 -
m
E 20 -
@ 4
: e o
0 10 20 30
Min Min

Ubiquitin-
conjugates

2 Ub-P-gal
«———  P-gal

WT ssafl-45ts

WT ssatl-45ts

Fig. 2. The degradation of Ub-P-gal and R-gal was reduced in ssal-45 ts mutant

(A) At 38°C, wild-type and ssaZ-45 ts mutant cells carrying the p-gal constructs were
labeled with 35S-methionine for 10 min and their degradation was measured by the
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immunoprecipitation with an anti-p-gal antibody. Data represent means + S. D. from three
independent experiments. (B) To measure the p-gal activity in WT and ssaZ-45 s mutant at
38°C, yeast cells expressing Ub-P-gal were incubated at 38°C for 1 h, lysed and the B-gal
activity was then assayed. (C) To compare the extent of the ubiquitylation of Ub-P-gal in
WT and ssal-45 ts mutant, cells were incubated and then labeled with 35S-methionine for
30 min at 38°C. The cells were collected and the B-gal fusion proteins were isolated by
immunoprecipitation. The proteins were resolved in 8% SDS-PAGE gels and then subjected

to autoradiography.
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Fig. 3. Ssalp was preferentially associated with the rapidly degraded Ub-P-gal
Wild-type cells expressing M-gal or Ub-P-gal were grown at 28°C in the presence of 2%

galactose for 12-16 h. 3—4 mg of cell proteins were prepared and applied to a 1-ml column
of p-aminobenzyl-1-thio-p-galactoside crosslinked to agarose beads at 4°C. The bound B-gal
were eluted with lactose and the presence of Ssalp or f-gal fusion proteins was determined
by Western-blot with anti-human Hsp70 or anti-p-gal antibodies and also the -gal activity
was also measured.
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Fig. 4. Degradation of Sjjyama variant of human a1-AT requires both Ssalp and Ydjlp
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Wild-type and ssaZ-45 ts mutant (A) or ya@jI-151and sis1-85 mutants (B) expressing Siiyama
variant were labeled with 35S-methionine for 20 min at 38°C. The degradation of Sjiyama

variant during chase period was measured by the immunoprecipitation. Asterisk (*) denotes
the core-glycosylated forms of a.1-AT. Data represent means + S. D. from three independent

experiments.
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