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The function of the SRH! produet, the yeast homologue of the 54 kDa subunit of the mammalian signal recognition particle, has been anulyzed

using a galactose dependent mutant of the gene. SRHZ has been pluced under control of the GAL! prometer und introduced into 4 hapleid cell

that had i1s chromosemal SRAJ copy discupted. Thiv mutant grows narmally on galactose medium but slows dewn the growth about 10 h alter

weunster to glucose medium, AT the same time, precurser forms of secretory proteins, a-mating factar and invertuse, necumulute in the eclls. Thix

result indicutes that the SRA I produet is invelved in transocation iM precursors of seeretory protelns seroxs the endaplusmic reticulum membrane
. ‘ ‘ ‘ n yeast cells. ‘ o ‘

Signul recagnition particle: Translogution; Endoplasinic reticulom; Pratein secretion: SRH1: Saceharemyees vérevisiae

1. INTRODUCTION

Saccharomyces cerevisiae SRF 1 {11 (SRP34™ [2]) en-
codes a homologue of the 54 kDa subunit of mam-
malian signal recognition particle (SRP54) {3,4]. Its N-
terminal portion is also homologous to the cytosolic-do-
main of the a-subunit of the signal recognition particle
receptor [5) including consensus sequence elements for
a GTP binding site [6]. The C-terminal portion is an
unusual methionine-rich domain containing several
repetitive sequences. Gene disruption experiments have

~shown that. the SRHI product is essential for. cell
growth [1,2]. ‘ o

The signal recognition particle (SRP), a complex of
six different polypeptide chains and a molecule of 7SL
RNA, has been identified as a component involved in
protein targeting to and translocation across the endo-
plasmic reticulum (ER) membrane in'a mammalian in
vitro reconstitution system, and serves as an adapter
between the cytoplasmic. protein synthesis machinery
‘and the membrane-bound protein translocation machin-
ery [7]. SRPS54 recognizes the signal sequence when it
emerges from the ribosome, thereby initiating a series

" Correspondence address: Y. Amaya, Department of Biochemistry,
Yokohama City University School of Medicine, 3-9 Fukuura,
Kanazawa-ku; Yokohama 236, Japan. Fax: (81) (45) 787 2509.

Abbrevigtions: SRP, signal recognition particle; SRP54, 54 kDa
subunit of signal recognition pasticle; ER, endoplasmic reticuun;
GAP, glyceraldehyde-3-phosphate dehydrogenase; YP, 1% yeast ex-
tract, 2% polypeptone; MV, Wickerham’s minimal medium; PCR;
polymerase chain reaction C :

" Published by Elsevier Science Publishers B. v,

of SRP functions, including peptide. elongation arrest
and translocation promotion [8,9]. ‘

Several genes involved in translocation of precursors
of secretory proteins have been identified and charac-
terized in S. cerevisiae (10~18). In contrast to the mam-
malian in vitro reconstitution systems, translocation of
the prepro-a-factor across the ER membrane in yeast
system. can occur post-translationally depending on &
subset ‘of 70 kDa stress proteins and a discrete yeast
lysate component(s) [17—-23]. On the other hand, pre-
irtvertase is translocated efficiently only in a cotransla-
tional reaction [20~23]. In this study, we show that
both prepro-o-factor and preinvertase accumulate in
galactose-dependent sril mutant cells, We . ‘nclude
that the SRH/ product is involved in translocation of
precursors of secretory proteins. o

2. MATERIALS AND METHODS

2.1, Strains and culture conditions ,
Strain YAY10l (Mata/Matee SRHI/srhl ' LEU2 ura3/ura3
leu2/leu2 trpl/trpl . his/his suc2/suc2)y (1] was transformed  with
GAL/! promoter-SRH ! fusion plasmid, pYAS23, using TRPI asa
marker and subjected to sporulation and tetrad dissection. Spores
were scored for auxotroph markers and mating type. The Leu ™ Trp™,
a-mating type haploid strain, which contained' GALI -promoter-
SRH 1 fusion gene on the plasmid pYAS23 and the disrupted version
of srhl in chromosome, was named YAY107 (Matwa srhl i LEU2
ural leu2 trpi his suc2 plGALI-SRHI TRPI)). A haploid strain con-
taining wild-type SRH 1, which showed Leu™ Trp~ phenotype, was
named YAY106 (Matoe SRH1 ura3 leu2 trpl his suc2), and used as a
control. These strains were transformed with glyceraldehyde-3-phos-
phate dehydrogenase promoter (GAP) [24] ~SUC2 fusion plasmid
using URA3 as a marker to give YAY113 (Mata srhl =: LEU2 ural
leu2 trpl his suc2 p{GALI-SRHI TRP!] plGAP-SUC2 URA3)) and
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Fig. 1. Construction of the GALJ promoter-SRH ! fusion plasmid. For details ses ‘Materials and Methods’,
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curried ow evsentially avcerding 1o Maniahy et al. [28). Oligo.
pucleatidies were synthesized with 3 DNA aymhmzvr {Medel mm-
Appum Eimymmw Japan, ‘rukyn)

2.3, Iminiunobloning (MWYJI!'

Rabbiv antibodiet against lnvenase and prepmwmsmv were gifes
from R. Schekman and T. Ok, réapectively. Preparation of el
esates and tmmmmblauing unalysiy were performed accarding vo
previaus. papers (37,29 ‘
A

3. RESULTS ‘ |
To examine the consequenices of SRH deficieney, a

strain that conditionally expresses SRF{] ‘géne was

generated, This strain, YAY 13, harbors ¢chromasomal

disruption of the SR gene, but is rescued by a single-
‘copy -of SRHI present on a centromeric plasmid. This

‘plasmid contains the coding region of SRF! fused to

the yeast GALZ promoter. Growth of the YAY113 cells

on galactose medium (YPGal) was mdxsungmshable‘ '

from wild type cells. When these cells were shifted to
‘medium containing glucose (YPD), the GAL! promoter
was repressed. Growth of the cells was retarded -about
10h after the shift from galactose. medium to glucose
medium (Fig. 2). At the same time, .the repressed mu-
tant cells showed swelling phenotype. The repressed

cells were fully viable until 15 h incubation; the cells.

revived when washed and replenished with galactose,

though the viability decreased after a long arrest (more -

-th'm 20h) in the presence of glucose (data not shown).

To address whether this depletion of thlp interferes
wnth the biogenesis of secretory proteins, extracts
prepared from the cells at iwo stages of Srhlp repres-

sion (12h and 15 h) were immunoblotted with antisera -

directed against prepro-a-factor and invertase (Fig. 3).
In wild type cells, a-factor precursor is known to be
rapidly translocated, glycosylated, proteolytically pro-
cessed, and secreted (27]. In fact, prepro-ce-factor did
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galactose -dependent mutant cells (YAY113) that were grown to late
tate-log phase in YPGal medium, were washed.with sterile water, in-
‘oculated into either YPGal (galactose) or YPD (glucose), and in-
cubated at 30°C. The increase of cell density was monitored by
 measuring ODsso withi a Coleman spectrophotometer..
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‘llg 3, srhl aceumulates precursor forms of a-mating factor (A) and

invertase (B). Wild type (YAY112) and the galactose-dependent sri/
mutant (YAY113) was incubated in MVGal (G) and MVD (D)
medium. At times indicated (12, 15h), aliquots were taken and lysates |
were prepared by glass bead homogenization In SDS. The lysates were
electrophoresed in'12:5% (A) and 7,5% (B) SDS-polyacrylamide gels
and subjected to immunoblotting analysis, ppe f, prepro:a-factor;

mINV, mawre form. of secretory invertase; pINV, precursor form of

secretory invertase; cINV, cytoplasmic form of invertase,

not accumulate either in wild type cells (Fig. 3A; lanes
1,2, 5, 6) or in the derepressed mutant celis (Fig. 3A
lanes 4 and 8). In contrast, there was a remarkable ac-
cumulation of prepro-a-factor in the repressed mutant
cells (Fig. 3A, lanes 3 and 7). The precursor accumu-

lated in the mutant cells was indistinguishable from that.

detected in the translocauon defectwe mutant sec‘62

B (data not shown).

For the analysis of invertase, we uscd the -GAP
promoter-SUC2 fusion plasmid, pGAP-SUC2, that

~directs constitutive expression of secretory invertase.
- Introduction of the plasmid into wild type or .the

galactose d pcudent mutant cells had no effect on cell
growth or other phenotypes. The highly glycosylated.
mature form of secretory invertase that was secreted
intothe penplasm as well as the cytoplasmlc form.of in-
vertase were observed in either wild type cells or mutant

- cells (Fig. 3B). In the repressed mutant cells, a con-
siderable amount of the precursor form of secretory in-
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vertase also accumulated (Fiz 3B, lanes 3 and 7). These

results. indicate. that Sthip is required for the trans-

Iocanon of secwmry proteins.

4, DISCUSSION

Several yeast genes involved in ER translocauon of
secretory proteins have been identified and character-
ized [10-18). SEC61, SEC62 and SEC63 are assembled
with two additional proteins into a multisubunit
membrane-associated complex [15]. These membrane

proteins may ast together to facilitate protein penetra-

tion across the ER membrane. Cytosohc (17,18] and

ER-Iumenal [16) 70 kDa stress proteins are proposed to

act-as molecular chaperons which unfold the precursor
proteins to maintain transtocation competence and/ or
promote  assembly- dnsassembly of
machinery components. B

In. this paper, we have shown that the yeast cells
depleted of Srhip, the homologue of mammalian
- SRPS4, accumulate -cytosolic precursor forms of
secretory proteins. Two different kinds of precursors

are affected by the Srhl depletion which are known to
be _translocated. either only cotranslationally (pre-
invertase) or both co- and post-translationally (prepro--

a-factor). This is the first indication that the yeast SRP

counterpartis-involved in ER translocation of secretory -

“proteins. The mechanism of Srhlp action in co- and
- post-translational translocation has yet to be elu-
cidated. Considering the good homology to mammalian
- SRP54, function of Srhip may well be the recognition
of signal sequence and the initiation of the following
reactions such as targeting to the ER membrane and

translocation promotion. Besides Srhlp, homologues,

of 7SL RNA [30] and a-subunit of SRP receptor [31]
are ‘found in 8. cerevisiae, although genetic and
biochemical interactions with SRF I are not precisely
revealed. S. pombe homologue of the SRP54 is shown

to be associated with the homologue of 7SL. RNA in-

vivo [32]. E. coli homologues of 7SL RNA and SRP54

also bind together and play some roles in translocation.

of precursor of g-lactamase [31,32]. Taken together, it

seeins that the SRP homologues have conserved its role

- in'membrane translocation throughout evolution. More
detailed analysis of the Srhip function by both genetic
. and biochemical approaches is now under way.
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