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An in Vitro Assay Using Overexpressed Yeast SRP Demonstrates that
Cotranslational Translocation Is Dependent upon the J-Domain of Sec63p
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ABSTRACT. The signal recognition particle (SRP) is required for co-translational targeting of polypeptides

to the endoplasmic reticulum (ER). Once at the membrane, the precursor interacts with a complex
proteinaceous machinery that mediates its translocation across the bilayer. Genetic studies in yeast have
identified a number of genes whose products are involved in this complex process. These mutants offer
a potentially valuable resource with which to analyze the biochemical role played by each component in
the pathway. However, such analyses have been hampered by the failure to reconstitute an efficient in
vitro assay for SRP-dependent translocation. We report the construction of two multicopy vectors that
allow overexpression of all seven gene products required to make SRP in theSgeastaromyces
cerevisiae The overexpressed subunits assemble into intact and functional SRP particles, and we further
demonstrate that in vitro reconstitution of co-translational translocation is greatly enhanced using cytosol
from the overexpression strain. We use this assay to demonstrate that Sec63p is required for co-translational
translocation in vitro and specifically identify the “J-domain” of Sec63p as crucial for this pathway.

The signal recognition particle (SRPjs a conserved  polytopic membrane protein Sec63p7( 20, 21) and the
ribonucleoprotein complex that targets nascent polypeptideslumenal chaperone Kar2@1). Proteins may also be targeted
to the endoplasmic reticulum (ER))( SRP recognizes and to the yeast ER via a posttranslational pathway which is
binds the hydrophobic signal sequence of a secretoryindependent of both SRP and SR. The precursors targeted
precursor as it emerges from the ribosome and also interactsvia this pathway tend to be those with less hydrophobic signal
directly with the ribosome itself 3) to induce a transient  sequences2@). This posttranslational pathway employs the
translational arrest4(-6). The arrested complex is then same core translocon components (Sec61-complex, Sec63p,
targeted to the ER via the interaction of SRP with a and Kar2p), plus three further membrane components
membrane-bound receptor complex known as SRP-receptoi(Sec62p, Sec71p, Sec72p) and two additional lumenal factors
(SR; 7, 8). This interaction stimulates release of the nascent (Lhs1p and Sil1p23).
chain into the Sec61p-containing translocon channel through The roles of the core translocon components are of
which itis then co-translationally translocated across the ER considerable interest. Evidence suggests that the Sec61-
membrane, 9, 10). complex forms an aqueous transmembrane channel through

Yeast SRP comprises six polypeptide subunits (Srpl4p,which all classes of precursor can pass en route to the ER
Srp21p, Sec65p, Srp54p, Srp68p, and Srp72p) plus the Scriumen. The Sec63 protein includes a lumenal J-domain which
RNA (5, 11—14). Genetic studies have shown that all seven interacts directly with Kar2p to stimulate its intrinsic ATPase
gene products are essential for SRP function. Indeed, lossactivity. These two proteins, in combination with Lhs1p and
of Srpl4p, Srp2lp, Srp68p, or Srp72p destabilizes the Sillp, are thought to combine to drive posttranslational
complex and leads to degradation of Scrl RN2J)( translocation effectively by pulling precursors into the lumen
Targeting to the bilayer requires both subunits of the SR- (23—26). This driving force might not be required during
complex, namely, SR and SR8 (8, 15, 16), whereas the  co-translational translocation since, in this case, the ribosome
translocation reaction further requires the Sec61-complexis tightly bound to the cytosolic face of the Sec61-complex

(comprising Sec61p, Sbhlp, and Sssl1p:-19) plus the enabling the energy of translation to be coupled to translo-
cation @7, 28). Indeed, a mutation in the J-domain of Sec63p
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1SRP, signal recognition particle; ER, endoplasmic reticulum; SR, suggested by studies of the mammalian homologue, BiP,

SRP receptor; DPAP B, dipeptidyl aminopeptidase B; PCR, polymerase Which is required for gating the lumenal face of the
chain reaction; ppF, preproe.-factor, precursor of mating pheromone;  translocon 29). While Sec63p is required for translocation

gpaF, glycosylated form oft-factor precursor; DHGxF, o-factor with _ ; ; ; ; ;
signal sequence replaced by the DPAP B signal/anchor domain; gDHC- of SRP-dependent precursors, its precise role in this reaction

aF, glycosylated form of DHGxF; BiP, immunoglobulin heavy chain 1S unknown. Specifically, it is unclear whether Sec63p
binding protein. contributes to the Kar2p/BiP-dependent gating reaction.
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Studies of protein tra_nslocation in yeast hz_ive mainly been Table 1: Oligonucleotides Used in This Study
approached by genetic means. Biochemical analysis of

e . : SCR1-1 GGGGTCGACTGATCAACTTAGCCAGGACA
specmc. components has been hlnde(ed .by the failure to o1 5 GGGTCTAGAACTCAGCTTTGCGGGCCTC
reconstitute SRP-dependent translocation in vRecently, SEC65-a CAAATTTCAAATCAGATTGTATGATGGC
an in vitro assay has been developed in which it was shown SRP14-1 GGGGGATCCATCCACCCGTATTCAGA
that the concentration of SRP was limiting in yeast cytosol SRP14-2 GGAggAGCTCAAGGAATTTCAAAAATAGTC'
(5). Here we report a system in which all seven subunits of_ 1 GGGGAGCTCTCCCCTACCTTTTACAAGTC
yeast SRP are overexpressed in yeast cytosol. These subunit§rp21-2 GGGGATCCACGACAGTCTTGAAACC
correctly assemble into a fully functional SRP complex SRP54-1 GCTCTCCTATACTTCAGTCACTACCC
competent for co-translational targeting to yeast membranesSRP54-2 GTTAGAGGGTAGAACCTTTTCCATGGC

; ; ; ; ; s SRP68-1 GGGGGATCCAAATATACGAATACTGCCTTG
in an in vitro assay. This assay is extremely efficient and COGOCATCCTAGATAACTCOOTITTCAGCA

provides an ideal system for the biochemical analysis of the srp72-1-long GGGGGATCCAATTAAAGTATGACAGAATC-

co-translational translocation reaction. Using this assay, we GTTTGAAGG
have analyzed a novel mutant alleleset63and have shown ~ SRP72-2-long GGGGGATCCTGGGAAGGACTGATGATGA-
that the J-domain is indeed required for the translocation of ATTCCC

63djd1 CGCTGCTACAAAATTAAGATCTCCTTATGA-
an SRP-dependent precursor. These results demonstrate thatcesdidia

AATCCTTGG
the functions of Sec63p and Kar2p must be coordinated sec63djd1b CCAAGGATTTCATAAGGAGATCTTAATTTT-
within the core translocon. GTAGCAGCG
Sec63djd2a GAAATACGGTCATAGATCTGGCCCACAATC-
EXPERIMENTAL PROCEDURES TACTTC
. o o Sec63djd2b GAAGTAGATTGTGGGCCAGATCTATGACCG-
Materials.DNA restriction and modification enzymes were TATTTC

purchased from Roche Molecular Biochemicaf8S[me-
thionine was from NEN Life Science Products. Oligonucleo-
tides were from MWG-Biotech AG. All other reagents were
from Sigma, Roche Molecular Biochemicals, and Melford
Labs (Suffolk, UK) at analytical grade. Site-directed mu-
tagenesis was performed using the QuickChange Site-
directed Mutagenesis kit from Stratagene according to the
manufacturer’s instructions.

Strains, Media, and Growth Conditions. Saccharomyces
cerevisiae and Escherichia colistrains were grown as
previously described30). MET3-SEC63is an allele of
SEC63whose expression is repressed in the presence of
methionine. Repression was performed by addition of
methionine essentially as describ&d)( except strains were
grown far 7 h in YPD (2%peptone, 1% yeast extract, 2%
glucose) if microsomes were to be used in in vitro translation/
translocation assay$ET3SEC63shut off prior to total
yeast extract preparation was performed in minimal yeast
medium (0.675% yeast nitrogen base, 2% glucosd).2
mM methionine for 7 h. Strains used: MWY2@Jéata
pep4-3 his3 ura3 leu2 adezhis study), BYY5 Mato ade2
his3 ura3 leu2 trpl canl kanMX4wersSEC63 21).

Plasmid ConstructionsYEp-based multicopy plasmids
(PMW295 and pMW299) designed to overexpress SRP
subunits were constructed as follows. Plasmids p65-A6 and
pCS47 (L3) were used as the source BRP54and SEC65
respectively. The remaining genes were all amplified by PCR

product digested witlBanHl and Sad and cloned into
BanHl—-Sad of YEp351 giving pMW228. A 1422 bp
fragment containingSCR1 was amplified with primers
SCR1-1 plus SCR1-2, digested witball and Xbal and
subcloned intoSall—Xbal of pBluescript-KS giving
pMW238. The sam&bal—Sall fragment containingCR1
was subsequently cloned inkbal—Sall of pMW228 giving
pMW272. SRP54was cloned as a@&rH|—Xbal fragment
from p65-A6 into BanHI—Xbal of pMW272 giving
pMW?293.SRP68vas PCR amplified with primers SRP68-1
plus SRP68-2, the 2605 bp product cloned iBaHI of
pBluescript-KSF giving pMW246. The sam8anH]| frag-
ment containingSRP68was finally cloned intoBanH| of
pMW?293, giving pMW299. SRP54 and SEC65 were sub-
cloned from previously described plasmids3 and hence
not sequenced. DNA sequencing of all the remaining SRP
genes to identify PCR-induced errors showed tBRP21
and SRP72contains no changes to the wild-type sequence.
SRP14 contains the conservative change GI&4¥8 —
Glu48°4¢ and two T— C changes at positions352 and
—417 relative to the open reading fran®RkRP68has an A
insertion at position—25, a conservative Leu46® —
Leud61'C, and a T— G 18 nucleotides downstream from
stop codonSCRIcontains an A~ G change 612 nucleotides
outside the RNA encoding sequence. These few changes to
of wild-type genomic DNA, subcloned and sequenced (see :)he corresponding wild-type sequences were all thought to
Table 1 for all oligonucleotides used). e of no. consequence to e?<preSS|on of the genes. .
Construction of pMW295: An approximately 4 kb deletion ~ The wild-typeSEC63gene in pJKR2 was made by cloning
was made in pCS471@) by digesting withHindlll plus @ genomic 3682 bgiindill fragment from a library clone
Xbal, treating with Klenow fragment and religating, giving N0 Hindlll of pRS316. The J-domain delete version of
pPMW226.SRP21was amplified with SRP21-1 and SRP21-2 SEC63was made by introducingglil sites into pJKR2
and cloned int@&ad—BaHI of pMW226, giving pMW253. by site-directed mutagenesis using the oligonucleotides
SRP72was amplified with primers SRP72-1-long and Sec63djdla, Sec63djd1b, Sec63djd2a, and Sec63djd2b. pAJ8
SRP72-2-long and cloned inReanHI of pBluescript Sk,  Was the made by excision of thgglll fragment encoding
giving pMW276. Finally, theBanHI-fragment containing ~ the J-domain resulting in residues PHeAsp'®® being
SRP7Zrom pMW276 was cloned intBanH| of pMW253, deleted and replaced by an arginine and a serine residue.
giving pMW295. Fractionation of SRP and Western Blot Analy$isepara-
Construction of pMW299: SRP14was PCR amplified tion and sucrose gradient fractionation of SRP from wild-
with primers SRP14-1 and SRP14-2, the 1269 bp PCRtype and the SRP overexpression strain was done as
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previously described3@). Whole yeast cell extracts and pMW295 pPMW299
preparation of yeast microsomes were done as descigd ( T e T e
Antibodies against Srp54p, Sec65p, Sec61p, Sec63p, DPAP A sﬁ‘- /7 SRP14

B, and Kar2p have previously been describ&d, 1, 23, .-"'/secas
33). Gal3p antibodies were kindly donated by Dr. Richard |'
Reece (Manchester, UK). . _\LEuz
In Vitro Translation/TranslocationPlasmid pEH3 (600 \URA3 SRFy"E

bp EcoRI—Xba fragment from pDJ10034) in pGEM3Z) e scm g
was used fpr In VI'['I’O transcrlptlon/translatlon Qf(m pEH3 Ficure 1: Plasmids for overexpression of yeast SRP. Schematic
was linearized withXbal and transcribed with Ribomax  diagram of pMW295 and pMW299. Open reading frames are
(Promega) T7 RNA polymerase according to the manufac- indicated with filled arrows, and RNA encoding sequence is
turer's instructions. pJD965) encoding the Rec-aF was indicated with open arrow. Simulltaneous .selection fqr both mul-
linearized withXbal and transcribed with Ribomax SP6 ficopy vectors (on medium lacking uracil and leucine) allows

. overexpression of all seven genes that encode RNA or proteins of
RNA polymerase. .Translat'lon competent yeast c;yto_sol WaSihe yeast SRP.
prepared as describe85) with the following modification:
Cells were grown in yeast minimal medium (to keep selection 1 2
for plasmids either with or without SRP genes) to &f>=
0.5, spun down, and grown for a furth@h in 41 YPD (final _
ODgoo = 2.0) prior to harvesting. Translations in the presence : _
of [®®*S]methionine were carried out as describedb)( - - Srp54p
Microsomes (50 OR¢/mL) were added to a final concentra-
tion of 10% at the start of the reaction (“co”) or after
terminating translation by addition of 0.4 mM cycloheximide a_— ‘ — Sec65p
(“post”). Digestion with proteinase K (2503/mL) was done
with or without 0.5% Triton X-100 for 30 min on ice
followed by TCA precipitation. Samples were analyzed by
SDS-PAGE and phosphorimage analysis. Bands were

quantified using the AIDA software (version 2.31). . q — Gal3p
RESULTS

To complement in vivo observations, we were keen to Sarest TERERT e ot SE e e blot of

develop an efficient in vitro assay for protein translocation (ota| yeast extract from wild-type (MWY2& YEp351+ YEp352,

in yeast cytosol. Previous in vitro assays have performed lane 1) and SRP overexpressor strain (MWY26pMW295 +

well when monitoring posttranslational translocation; how- pMW299, lane 2) probed with antibodies against Srp54p, Sec65p,

ever, reconstitution of co-translational translocation in the @nd Gal3p.

yeast system has proven more demanding due to the limiting ) ) )

concentration of SRP in yeast cytosol. We therefore sought STP72p) assembles with ScR1 RNA into pre-SRP in the

to engineer yeast cells to overexpress SRP. nucleus, whereas Srp54p is finally assembled with the pre-
Cloning of all SRP Gene3o overexpress SRP, we created SRP in the cytosol after nuclear expd7(38). The integrity

two yeast multicopy vectors which together contained all of SRP particles can be dgtermlned by gpplylng preparations

the seven genes that encode SRP subuSiBR{ SEC65 of SRP onto sucrose gradients. Co-sedimentation of Srp54p,

SRP14 SRP2] SRP54 SRP68 andSRP72. Cloned DNA Sec659, and ScR1 RNA on sucrose grad[ents should pnly
fragments containing two of the gene&EC65and SRP53 occur if fully assembled intact SRP partlcles are being
were already available, and the remaining SRP genes weréalyzed. We therefore assayed assembly of intact SRP by
amplified by PCR and cloned into appropriate vectors. After fractionation on sucrose gradients. SRP prepared from cells
DNA sequencing, the individual genes were subcloned to fransformed with only the control vectors YEp3$1YEp352
generate the two final vectors for expression in yeast: Was loaded onto a-830% sucrose gradient. After centrifu-
pMW295 (SEC65 SRP21 SRP72 URA3 and pMw299  gation, fractions were analyzed for the presence of SrpS4p
(SCR1 SRP14SRP54SRP6SLEU?) (Figure 1). Simulta- ~ @nd Sec65p. As seen in Figure 3 (upper panels) the two
neous selection for both plasmids on media lacking uracil markers for the wild-type SRP co-sediment toward the lower
and leucine allowed us to maintain both plasmids in the yeasthalf of the sucrose gradient. The same fractionation pattern
strain MWY26. Verification that the presence of pMwW295 IS observed when the SRP overexpressing cells are analyzed
and pMW299 causes increased amounts of SRP subunits igFigure 3, lower panels). The strongly increased signals
seen in Figure 2. Compared to the unchanged levels of Gal3psuggest that cells that have been transformed with both
(control), the levels of Srp54p and Sec65p are markedly PMW295 and pMW299 produce significantly higher amounts
increased in cells that contain pMW295 and pMW299. of intact SRP. Another observation to support this conclusion
Overexpressed SRP Subunits Assemble into Intact SRPS that SCR1 RNA is overproduced and co-fractionates with
Particles. In the absence of the gene products Srpl4p, the Sec65p/SrpS4p marker proteins in MWY2MW295
Srp21p, Srp68p, or Srp72p cells will lose the cytosolic ScR1 T PMW299 (data not shown).
RNA (14) and the remaining ScR1 RNA remains largely = Functional Querexpressed SRP Particles Impeo Co-
nuclear 87). Sec65p (like Srpl4dp, Srp2lp, Srp68p, and Translational Translocation in Vitradaving established that

Vo SRP68\ |
srr21 T '. |
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5-30% sucrose gradient (A) Wild-type SRP*
T123456789101112 _j+;;:t:;; BE(:;ET;?M
- - -+ - -+ - % Yeast microsomes
- e — Sec65p % S
YEp351 +YEp352 g - ggn::_ap

- — Srp54p ~ ppuF/Dy-oF

¢ r- — Sec65p

pMW295 + pMW299 (B) oF D, c-0F

s “-__ Sp54p o Wt SRP* Wit SRP*
Ficure 3: Overexpressed SRP subunits assemble into intact 60
particles. SRP from MWY26 transformed with either YEp351 50
YEp352 (control) or pMW295+ pMW299 (SRP overexpression) 40
was analyzed on sucrose gradients. Fractions were subjected to
Western blot analysis with anti-Sec65p and anti-Srp54p antibodies. 30
The co-sedimentation of Sec65p and Srp54p in fractiong & 20
the wild-type control (two upper panels) is mirrored in the gradient
with overexpressed SRP (two lower panels). 10 m

0

transformation of MWY26 with pMW295 pMW299 gives ! 2 3 4
rise to increased amounts of intact SRP particles, we (©) oF D,c-oF
determined the efficiency of in vitro translocation using co Post co Post
cytosol from wild-type cells and cytosol from cells that T T T T Membranss
overexpress SRP. To do this, we chose two formsuef - - % - -+ - -+ - - s+ Poenasek

differing only in their signal sequences. It is widely accepted

) F

that pmF translocates independently of SRP, whereas the = g%c:c_u,:

same precursor with its signal sequence replaced by the OPUFID, -oF
HC™

hydrophobic core of the DPAP B signal sequence depends
on SRP for translocation2f). We found that both these . _
constructs could be translated in vitro, and that the rates of figyre 4: Co-translational translocation in vitro is enhanced by
translation remained similar in cytosols from both wild-type overexpression of SRP. (A) Yeast cytosol from either wild-type
cells and cells overexpressing SRP. Translocation of these(MWY26 + Yep351+ Yep352, lanes 15) or SRP overexpressor
precursors into yeast microsomes can be monitored by thestrain (‘SRP”: MWY26 + pMW295 + pMW299, lanes €10)

. . was used for in vitro translation/translocation reactions. In vitro
appearance of glycosylated forms which migrate more transcribed RNAs encoding either @ or Dyc-oF were used as

slowly. The relative levels of glycosylated/unglycosylated templates and microsomes from MWY26 were included from the
forms can be used as a measurement of the translocatiorstart of the reaction (“co”, see Experimental Procedures). The
efficiency. In doing so, we found that whereas translocation glycosylated forms (gpF and glyc-oF) are seen only in reactions
of ppof is only slightly better in the SRP overexpression 2R8I FimeRoTle Lt oo sl () Quantiication
. . =L .

f:ytc_)so.l _(Flgurq 4A, lanes 3 and 8), translocation tiF of tr;%slocation in several in vitrcF)) translati)gn/translocation assays.
is significantly improved (compare lanes 5 and 10). We have oF RNA (grey bars) or Rc-aF RNA (white bars) was translated/
quantified the translocation efficiency and found that over- translocated into microsomes from MWY26 in cytosol from wild-
expression of SRP resulted in an average 49% efficiency of type ("Wt": MWY26 + YEp351+ YEp352, bars 1 and 3) or SRP
translocation, corresponding to a 3-fold increase in efficiency overexpressor (MWY2& pMW295 + pMW299, bars 2 and 4).

. . Translocation efficiencies for these four combinations of RNA/
when compared to wild-type extracts (16%) (Figure 4B).  ¢yi550] were (mean values): 52.6, 62.3, 16.4, and 49.1%. Each

In vitro translation/translocation reactions can be per- par represents the mean from at least four independent experiments
formed as either “co-“ or “post-" translational translocation (error bars are standard error of the mean). (G)c-BF is

reactions. In “co” reactions precursors are being translatedco-translationally translocated. “Co” or “Post” (see Experimental

in the presence of yeast microsomes and can as such bgrocedures) translation/translocation reactions were carried out in
RP overexpression cytosol using wild-type microsomes. As

translocated co-translationally. It is of course not possible expected, only the glycosylated (translocated) forms are protected
to prevent posttranslational translocation from taking place against proteinase K degradation. Whereasmis translocated in

in a “co” reaction. In a “post” reaction on the other hand, both“Co” and “Post” reactions, f-aF is strictly co-translationally
translation is terminated by addition of cycloheximide prior translocated.

to the addition of microsomes. In this case, the only option

is therefore posttranslational translocation. In our in vitro proteinase K degradation, which indicates that they have been
assay, it is important to establish how the different precursors completely translocated into the microsomes. Hence, when-
behave. As seen in Figure 4C, the triply glycosylated form ever we observe gla-oF we are measuring a genuine co-
of oF (gpotF) can be seen in both “co” and “post” reactions, translational translocation event. Finally, we repeatedly found
whereas glc-aF is only seen in a “co” reaction. As opposed higher levels of ppF translocation in “co” relative to “post”

to the precursors, the glycosylated forms are protected againsteactions (see Discussion).
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Deletion of Sec63p J-Domain Affects Co-Translational (A) -ikTT?TTgG“;"CC;“jG----A};CC:GAEGGECCI’;—--
Translocation in Vio. We have previously shown that ) )

. - LATTRAGATCTCCTTATG... .7 ATAGATCTGGCCCR..,
Sec63p and Kar2p are required for co-translational translo- k1 z:3spy noresaop
cation in vivo(21). These two proteins have been shown to Bgll Bl
interact as DnaJ/DnaK-like partners via the J-domain of \ /
Sec63p. This interaction may therefore be important for the \
function of these proteins in co-translational translocation. \ J-domain / Sec63p
A single point mutation in the Sec63p J-domase¢63-] (] T
has been describedl?), which has a major defect in ™ TMZR S T™S
posttranslational translocation and only a slight defect in co- Sec63p-AJ
translational translocation. It has been shown that Sec63-1p (1 = |
has a lower affinity for Kar2p in vitro39). Given these facts, ~ATTAAGATCTGRCCCR .
we wanted to address whether the J-domain was required T rErE
for Sec63p’s function in co-translational translocation. To (B) - Methionine + Methionine

do this, we transformed BYY5 (containing a genoMiET3-
SEC63allele) with plasmids expressing either wild-type
Sec63p (pJKR2) or a deletion derivative lacking the J-
domain, Sec63pxJ (pAJ8, Figure 5A). In the presence of
methionine, expression of the wild-type Sec63p is repressed
and the phenotype associated with the altered protein can
be determined. We found that cells are unable to survive
when they only express Sec63@-(Figure 5B). As expected,
the BYY5+ pAJ8 cells show a substantial accumulation of
ppaF afte 7 h in the presence of methionine (data not
shown). Interestingly, judging from the steady-state levels
of preDPAP B, these cells were also defective in transloca-
tion of this co-translationally translocated precursor under
the same conditions (Figure 5C). This suggests that the
J-domain is required for co-translational translocation in vivo.
Sec63p J-Domain Required for Co-Translational Trans- (C) 1 2 3 4
location in Vitro. To verify these observations, we used - + - +  Methionine

microsomes from cells expressing Sec@8pin the in vitro :
translocation assay described above. Translocation of both .. .. | bPAP B
w== |- preDPAP B

pAJ8

ppaF and Dyc-oF into BYY5 + pAJ8 shut off microsomes
was severely affected (Figure 6A, lanes 4 and 8), whereas
the corresponding wild-type control microsomes (BY¥5

p#KRZ Fk:gureIIE;A, Ianes_, 3 and 7) W(_are only Slllghtlyzles(sj Ficure 5: J-domain of Sec63p is essential for viability and in vivo
efficient than wild-type microsomes (Figure 6A, lanes 2 and ¢ ranslational translocation. (A) Schematic diagram of the wild-
6). Western blot analysis confirmed that the shut off of type and J-domain delete forms of Sec63p. The J-domain of Sec63p
MET3SEC63was effective and that Sec63p} was the (black box) is situated between transmembrane domains 2 and 3
major species in these microsomes (Figure 6B). The Western%ﬁlyrt(’;:t(ﬁgt)i6?'giggﬁgigdt&uzigdﬁﬂgsfeévua;nlézegft?h'gt\fla?duf;pt(‘e”o
blot analysis also conf!rmed that the size, expression level, EC63gene on a yeast single copy plasmid (pJKR2). Deletion of
and membrane association was as expected. The level ofhe DNA fragment between the tvgglil sites results in a plasmid
Sec63p in microsomes from BYY% pJKR2 (Figure 6B, (pAJ8) that allows expression of a form of Sec63p which lacks the
lane 2) is slightly higher than in the wild-type (lanel), which J-domain (Sec63p@xJ). The DNA sequence before and after
may account for the slightly reduced efficiency of in vitro introduction ofBglll sites and after excision of the J-domain is

. . . : . . shown. (B) The J-domain of Sec63p is essential for viability. Yeast
import into these microsomes since it has previously been g iy Byvs was transformed with pRS316 (vector control), pJKR2

shown that overexpression of Sec63p creates a slight(yild-type SEC63, or pAJ8 (J-domain deletBEC63 and grown
dominant defect in the translocation of preprdactor in in the absence of methionine. Expression of wild-type Sec63p from
vivo (37, 38). We also found that BYY5- pJKR2 cellshad ~ theMET3-SEC63allele of BYY5 was suppressed by streaking the
a minor defect in ppF translocation in vivo (data not cells onto medium containing methionine. Cells that had been

h Finally th tant b iaht b transformed with pAJ8 were unable to grow in the absence of wild-
shown). Finally, the mutant membranes might be non- e sec3p expression. (C) Total yeast extracts from BY¥5 (

specifically disrupted, leading to the observed general defectspjkR2, lanes 12; + pAJ8, lanes 34) grown fa 7 h in yeast
in translocation. To eliminate this possibility, we examined minimal medium+ 0.2 mM methionine were subjected to Western

membrane |ntegr|ty by incubating the microsomes with b|0t analysis. Probing with anti-DPAP B antibodies show that the
proteinase K. As expected, the untranslocated precursor of‘gg%g’éi ieg€3t§’ugasgecsegnguggﬂce’n(?gyr{ecso&g'ﬁ;"uirg: ggﬁ;ila-
Kar2p (pre-KarZp) was exposed on the outside of the o of significant amounts of preDPAP B.

microsomes, whereas the mature Kar2p was found to be

protected against degradation by degradation proteinase KSec63\Jp was still able to assemble into the heptameric
unless membranes were first solubilized by addition of 0.5% SEC-complex (data not shown), from which we conclude
Triton X-100 (Figure 6C). This indicates that the (BY¥5 that deletion of the J-domain did not result in any gross
pAJ8) microsomes are intact. Crucially, we also found that perturbation of the protein’s topology. We therefore conclude
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Ficure 6: (A) In vitro defect in co-translational translocation into

microsomes containing J-domain deleted Sec63p. In vitro transcrip-

tion/translocation reactions (“Co” reactions in SRP overexpression
cytosol, see Experimental Procedures) using RNA encodind: pp
(lanes +4) or Dyc-oF (lanes 5-8) and yeast microsomes prepared
from cells that have been grown in YPD for 7 h. Microsomes are
from MWY26 (lanes 2 and 6), BYY5- pJKR2 (lanes 3 and 7) or
BYY5 + pAJ8 (lanes 4 and 8). Control reactions without mi-
crosomes are seen in lanes 1 and 5. A significant defect in
translocation of both pF and Qyc-aF into microsomes containing
only Sec63pAJ was observed (lanes 4 and 8). (B) Western blot

Willer et al.

cally, in vivo studies have generated a large amount of
information. Sophisticated screens to isolate mutants defec-
tive in translocation into the ER have identified many gene
products required for these processes. Some aspects of the
interactions between these proteins have been analyzed by
biochemical means, and in vitro reconstitution of transloca-
tion has also been described. Specifically, translocation into
yeast microsomes36) or proteoliposomes4Q, 41) has
successfully demonstrated the requirement for both the
trimeric Sec61 complex, the tetrameric Sec63-complex, and
Kar2p for translocation of ppF in vitro.

We have created two multicopy yeast vectors (pMW295
and pMW299) that contain all the genes required to encode
SRP subunits. Cells that have been simultaneously trans-
formed with these two vectors overexpress intact and
functional SRP. Overexpression of SRP was found to have
no effect on the growth of the cells. Previous reports have
shown that addition of 100 nM purified SRP could boost
translocation efficiency of Re-alF in wild-type cytosol 1.5-
fold to a final value of 25%%). This corresponds well with
our efficiency of co-translational translocation efficiency in
wild-type cytosol of 16.4%. Purification of SRP is technically
demanding, hence our vector-based strategy. In cytosol made
from cells that overexpress SRP, we found that the efficiency
of co-translational translocation ofdg-oF was 49%, rep-
resenting a 2 increase compared to the maximum observed
when using wild-type levels of SRP. We also observed a
slight increase in translocation of @p from 52.6 to 62.3%.

As mentioned, pgF is generally believed to translocate in

a strictly SRP-independent posttranslational fashion. How-
ever, examination of the literature clearly shows that a small
proportion of this particular precursor is translocated via the
SRP-dependent pathway. For exampleqpmccumulates

in sec65-Imutant cells 22), and it can also be cross-linked
to SRP54p42). The observed increase in the translocation
efficiency of pmF using overexpressed SRP supports this
interpretation. We also found pf to translocate more
efficiently in “co-" relative to “post-“ reactions (see Figure
4C). However, we cannot exclude the possibility that much
of this translocation is in fact of completed polypeptide
chains whose translocation may become less efficient if
precursors are permitted time to fold before microsomes are
added for the “post” reaction. Nonetheless, our assay clearly

analysis with anti-Sec63p antibodies of the microsomes used in provides a simple and very efficient assay for SRP-dependent

the in vitro import assay (MWY26 (lane 1), BYY5H pJKR2 (lane
2), BYYS5 + pAJ8 (lane3)). Sec61p loading control in lower panel.
(C) Microsomes from BYY5+ pAJ8 afte 7 h shut off of MET3-
SEC63in YPD were mock treated (lane 1), or treated with Triton

co-translational translocation in vitro. If the membrane-bound
SRP-receptor is a limiting factor, the efficiency can possibly
be even further improved by overexpressing SRP receptor

X-100 (lanes 2 and 4) and Proteinase K (lanes 3 and 4). Westernin the cells from which the microsomes are made. With this
blot analysis with anti-Kar2p antibodies shows that the precursor jn vitro assay, it may now be possible to design experiments

form is exposed to and mature Kar2p is protected from degradation

by proteinase K in the absence of detergent.

that the J-domain of Sec63p is required for co-translational
translocation in vivo and in vitro.

DISCUSSION

By complementing in vivo observations with correspond-

to investigate aspects of translocation that have not been
revealed by in vivo experiments.

We have previously shown both Sec63p and Kar2p to be
involved in co-translational translocatio21). The mam-
malian homologue of Kar2p, BiP, has been identified as a
gating factor acting at the lumenal face of the translocon
(29). Our data clearly demonstrate a role for the Sec63p
J-domain in co-translational translocation. Given the well

ing in vitro assays, it is often possible to address questionscharacterized interactions between the J-domain and Kar2p,
about different aspects of a particular cellular function. Yeast we propose that Sec63p regulates translocon gating through
is well established as an experimental organism, and histori-the recruitment and activation of Kar2p.
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