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Rubella virus (RV) contains four structural proteins, C (capsid), E2a, E2b, and El, which are derived from
posttranslational processing of a single polyprotein precursor, p110. C protein is nonglycosylated and is
thought to interact with RV RNA to form a nucleocapsid. El and E2 are membrane glycoproteins that form
the spike complexes located on the virion exterior. Two different El cDNAs were used to analyze the
requirements for translocation of El into the endoplasmic reticulum. Analysis of expression of these cDNAs
both in vivo and in vitro showed that RV El was stably expressed and glycosylated in COS cells and correctly
targeted into microsomes in the absence of E2 glycoprotein. The results provide experimental evidence that
translocation of RV El glycoprotein into the endoplasmic reticulum is mediated by a signal peptide contained
within the 69 carboxyl-terminal residues of E2.

Rubella virus (RV), the causative agent of German mea-
sles, is a small, enveloped RNA virus whose genome con-
sists of a single-stranded 40S RNA of positive polarity (8).
Cells infected with RV, besides containing the 40S RNA,
have an RV-specific 24S subgenomic RNA species which
corresponds to the 3' one-third of the genomic RNA and
encodes the viral structural proteins (20). Both RNA species
are polyadenylated and have 5'-terminal caps (20). The order
of translation, NH2-C-E2-E1-COOH, has been determined
by synchronized translation (18) and sequence analysis of
the 24S subgenomic RNA of RV (3). The strategy for the
expression of RV structural proteins was first proposed by
Oker-Blom et al. (18, 20) and later confirmed by cDNA
sequencing and expression (3).

Translation of the 24S subgenomic RNA produces a
110-kilodalton precursor polyprotein (pl1O) which is proc-
essed to yield four structural proteins, C (capsid), E2a, E2b,
and El, with respective molecular weights of 33,000, 47,000,
42,000, and 58,000 (19, 20). The capsid protein is nongly-
cosylated and rich in arginine residues, which are thought to
participate in the binding of 40S RNA to form the nucleo-
capsid (3). E2a, E2b, and El are membrane glycoproteins
found on the virion surface (19). E2a and E2b are known to
result from heterogeneous processing of the same E2 apo-
protein moiety (10, 20).
El and E2 proteins contain N-linked oligosaccharide as a

consequence of their passage through the endoplasmic retic-
ulum (ER) and Golgi apparatus. According to the signal
hypothesis, translocation of secretory and membrane pro-
teins into the ER is mediated by a hydrophobic signal
peptide (2). Signal peptides for E2 and El tentatively iden-
tified on the basis of cDNA sequence data (for E2, see
references 3 and 26; for El, see references 5, 17, and 26) are
more or less in agreement in both location and sequence. E2
and El both contain uninterrupted stretches of hydrophobic
amino acids of 19 and 27 residues, respectively, which
probably function as membrane-binding domains (3, 25),
making them group 1 proteins (24).
As the processing of pllO is unclear, virtually nothing is

known about the targeting of E2 and El to the ER mem-
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brane. We have constructed two El cDNAs, one of which
contains the putative signal peptide for El and one which has
only the El-coding region preceded by an ATG. By express-
ing these constructs in vitro and in vivo, we demonstrate that
the 69 carboxyl-terminal amino acids of E2 contain a se-
quence necessary for the insertion of El into the ER.

MATERIALS AND METHODS
General recombinant DNA techniques. Restriction endonu-

cleases and DNA-modifying enzymes were purchased from
commercial sources and used according to the manufactur-
er's specifications. Growth and purification of recombinant
plasmids were essentially as described previously (15). Plas-
mids were propagated in Escherichia coli DH5cx (Bethesda
Research Laboratories, Inc.). [ot-32PJdATP and L-[35SJmeth-
ionine were purchased from Amersham Corp. Plasmids
pSPT19 and pSVL were purchased from Pharmacia, Inc.
The oligonucleotide used for mutagenesis was obtained from
the laboratory of M. Smith (University of British Columbia).

Oligonucleotide-directed mutagenesis. Site-specific muta-
genesis based on the method of Kunkel (13) was used to
introduce an in-frame ATG in front of the El-coding se-
quence found in plasmids pEl and pSVL-El. Briefly, the
1,550-nucleotide (nt) Pstl fragment from pSTP19(C/E2/El)
(3) was subcloned into M13mpl9 and used to transform the
host strain, dit i1mig E. coli CJ236 (13). Uracil-containing
single-stranded DNA was isolated and mutagenized with the
oligonucleotide 5'GCCTATGGCATGGAGGAGGCT3'. The
presence of the ATG in front of El was confirmed by
dideoxynucleotide sequencing (21).
Recombinant plasmids. Plasmid p3'E2El was constructed

by removal of the 1,500-nt NcoI fragment from pSTP19(C/
E2/El) (3) and religation, creating a cDNA encoding the
capsid translation start site with eight residues from C, 69
residues from the C-terminal E2, and all of El, including the
putative signal peptide (see Fig. 1A and B). To create pEl,
we excised the 1,550-nt PstI fragment from pSTP19(C/E2/
El), subcloned it into M13mpl9, mutagenized it as described
above and subcloned the insert back into pSTP19 down-
stream from the phage SP6 promoter (see Fig. 1A and B).
Simian virus 40-based vector plasmids (pSVL-3'E2El,
pSVL-El) were made by excising the 3'E2El or El insert
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from the respective pSPT19 vectors with EcoRI and HindlIl.
The cohesive ends were filled in with Klenow enzyme, and
the cDNA inserts were ligated into the SmaI site of pSVL.
Constructs were then screened for orientation by restriction
analysis.

In vitro transcription. pEl or p3'E2E1 (5 jig) was linear-
ized with HindlIl, extracted with phenol-chloroform, and
precipitated with ethanol. The DNA template was then
added to a transcription-capping reaction mixture containing
40 mM Tris chloride (pH 7.5), 6 mM MgCl2, 2 mM spermi-
dine, 10 mM NaCl, 10 mM dithiothreitol, 500 U of RNasin
(Promega Biotec) per ml, 100 jg of nuclease-free bovine
serum albumin per ml, 0.5 mM each ATP, CTP, UTP, and
cap analog GpppG, 0.1 mM GTP, and 600 U of SP6 RNA
polymerase (Promega) per ml. Reactions were typically
carried out in 50-,ul volumes, and reaction mixtures were
incubated for 1 h at 37°C, after which the DNA was removed
by DNase I digestion. The reactions were successively
extracted with phenol-chloroform and ether, precipitated
with ethanol, taken up in 30 ,ul of water, and stored at
-700C.

In vitro translation. Translation of SP6-derived transcripts
was performed in a nuclease-treated rabbit reticulocyte
lysate system (Promega) containing 0.02 mM amino acid
mixture minus methionine, [35S]methionine at 1,200 jCi/ml,
RNasin at 1,600 U/ml, and RNA at 40 ,ug/ml in a 25-,u
volume. Some reactions were supplemented with one equiv-
alent of canine pancreatic microsomes (Promega). After
incubation at 30°C for 1 h, translation products were assayed
for protection from exogenously added protease, separated
by electrophoresis on 10% Laemmli gels (14), and analyzed
by fluorography at -70°C.

Protease protection assay. Protease digestion conditions
were essentially those described previously (28). After in
vitro translation, CaCl2 was added to 1 mM, and the reaction
mixtures were kept on ice for 10 min to stabilize the
membranes. Samples were then incubated for 60 min on ice
in the presence of trypsin (300 ,ug/ml). Proteolysis was
stopped by the addition of phenylmethylsulfonyl fluoride to
1 mM and trypsin inhibitor to 500 jLg/ml and incubation on
ice for 10 min. Triton X-100 was included at a final concen-
tration of 1% in some reactions. Samples were separated on
10% Laemmli gels (14) and analyzed by fluorography.

Transfection of COS cells and metabolic labeling. COS cells
were transfected with plasmids pSVL-E1 and pSVL-3'E2E1
by the method of Adams and Rose (1). Briefly, subconfluent
monolayers grown in Dulbecco modified Eagle medium
(DMEM) plus 5% fetal calf serum were washed twice with
Tris-saline (25 mM Tris chloride [pH 7.4], 140 mM NaCl, 3
mM KCl, 1 mM CaCl2, 0.5 mM MgCl2, 0.9 mM Na2HPO4).
Cells were then exposed to DEAE-dextran (Mr, 5 x 105; 500
,ugIml) and plasmid DNA (4 jig/ml) in Tris-saline at 37°C for
30 min, after which the DNA solution was removed and
replaced with DMEM plus 40 ,uM chloroquine; the mixture
was then incubated at 370C for 3 h. Finally, monolayers were
washed three times with Tris-saline and incubated at 37°C
for 40 h in DMEM plus 5% fetal calf serum.
To label cellular proteins, we washed monolayers twice

with DMEM without methionine but with 5% dialyzed calf
serum, starved them in this medium for 30 min at 37°C, and
incubated them in DMEM without methionine but with 5%
dialyzed fetal calf serum and 400 ,uCi of [35S]methionine for
3 h at 37°C. Cells were washed three times with cold
Tris-saline and lysed in 500 RI of 50 mM Tris chloride (pH
7.5)-150 mM NaCl-1% Nonidet P-40. Lysates were cleared

of nuclei and debris by 5 min of centrifugation in a Microfuge
at 4°C.

Immunoprecipitation. Rabbit polyclonal antirubella serum
(10 pA) was incubated with 100 jil of COS cell lysate plus 400
pA of NET (400 mM NaCl, 50 mM Tris chloride [pH 8.0], 5
mM EDTA)-1% Nonidet P-40 for at least 4 h at 4°C on a
rotator. Immune complexes were precipitated with protein
A-Sepharose for 1 h at 4°C, washed five times with NET-1%
Nonidet P-40, and washed once with water. The immuno-
precipitates were disrupted in 62 mM Tris chloride (pH 6.8)-
10% glycerol-2% sodium dodecyl sulfate-2% 2-mercapto-
ethanol at 100°C for 3 min, and the supernatant was analyzed
by electrophoresis through a 10% Laemmli gel (14) and
fluorography.
Endo H digestion. Immune complexes still attached to

protein A-Sepharose beads were suspended in 75 RA of 0.13
M sodium citrate (pH 5.5)-i mM phenylmethylsulfonyl
fluoride and incubated with or without 2 mU of endo-p-N-
acetylglucosaminidase H (endo H) at 37°C for 14 h. The
immune complexes were washed once with water, dis-
rupted, electrophoresed, and fluorographed as described
above.
RNA isolation and Northern blot analysis. Total cellular

RNA was isolated from transfected COS cells as described
previously (15). RNA (5 jig) was electrophoresed through a
1% agarose gel containing 6% formaldehyde and then trans-
ferred to nitrocellulose. RV El-specific RNA was detected
by hybridization to a 32P-labeled 30-mer (5'GTCCTCGCCA
TTGACGGTAAGATGGCAGTT3') complementary to El.

Si nuclease mapping. S1 nuclease protection analysis was
performed by the method of Favaloro et al. (4) with modifi-
cations. 32P-labeled antisense RNA from EcoRI-linearized
p3'E2E1 was synthesized by using T7 RNA polymerase
(Promega). The probe (106 cpm) was coprecipitated with 4
jig of total cellular RNA isolated from transfected COS cells,
suspended in 20 ,ul of hybridization buffer (40 mM pipera-
zine-N,N'-bis(2-ethanesulfonic acid) [PIPES] [pH 6.8], 400
mM NaCl, 1 mM EDTA, 80% formamide), heated at 80°C for
15 min, and hybridized at 65°C. After 3 h, 300 jil of ice-cold
S1 buffer (280 mM NaCl, 30 mM sodium acetate [pH 4.4], 4.5
mM ZnCl2, 20 jig of sonicated salmon sperm DNA per ml)
containing 300 U of S1 nuclease (New England Nuclear
Corp.) was added to each tube and incubated at 37°C for 30
min. Digestions were terminated by adding 75 ,ul of 2.5 mM
ammonium acetate-50 mM EDTA-20 jig of tRNA and were
precipitated overnight at -20°C after the addition of 400 jl
of isopropanol. Samples were centrifuged in a Microfuge,
and the pellets were dissolved in 5 Rl of H20 at 60°C and
mixed with 15 ,ul of denaturing mix (20 mM morpholinepro-
panesulfonic acid [MOPS] [pH 7.0], 2 M formaldehyde, 50%
formamide) heated at 80°C for 15 min and quickly cooled on
ice. Samples were separated on an 0.8% agarose gel contain-
ing 2.2 M formaldehyde, transferred to Hybond N (Amer-
sham), and autoradiographed.

RESULTS

Translocation into microsomes. For the translocation as-
says, two El cDNAs cloned downstream from the SP6
promoter in pSPT19 were utilized. Plasmid pEl contains the
entire El-coding sequence (481 residues) and a methionine
engineered directly in front of the gene (Fig. 1A and B). The
construct p3'E2El, in addition to containing the entire El
gene, also contains the capsid translation start site as well as
nucleotides specifying the first eight amino acids of C and 69
carboxyl-terminal residues of E2, including the putative El
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TRANSLOCATION OF RV GLYCOPROTEIN El INTO THE ER
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C
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GCT TCC ACT ACC CCC ATC ACC
Ala Ser Thr Thr Pro lie Thr

CGT GCG ACT TGC TCC CCA 6CC TCG GCC CTC TGG CTC GCC ACA GCG
Arg Ala Thr Cys Ser Pro Ala Ser Ala Leu Trp Leu Ala Thr Ala

AAC GCG CTG TCT CTT GAC CAC GCG TTC GCG GCC TTT GTC CTG TTG
Asn Ala Leu Ser Leu ASP His Ala Phe Ala Ala Pne Val Leu Leu

GTC CCG TGG GTC CTG ATA TTT ATG GTG TGC CGC CGC 6CC TGT CGC
Val Pro Trp Val Leu Ile Phe Met Val Cys Arg Arg Ala Cys Arg

CGC CGC GGC GCC GCC GCC 6CC CTC ACC GCA GTC GTC CTG CAG 6GG
Arg Arg G6Iy Ala Ala Ala Ala Leu Thr Ala Val Val Leu Gin Gly

El

TAC AAC CCC CCC GCC TAT GGC GAG GAG
Tyr Asn Pro Pro Ala Tyr Gly Glu Glu

FIG. 1. (A) Physical maps of RV cDNAs. Insert C/E2/El codes for the structural genes C, E2, and El and was inserted between the EcoRI
and Hindlil sites of pSPTl9 to create pSPTl9(C/E2/El). 3'E2El cDNA was made by deleting the 1,500-nt NcoI fragment from pSPT19(C/
E2/E1) and is contained in plasmids p3'E2El and pSVL-3'E2El. Constructs pEl and pSVL-El contain the 1,550-nt PstI fragment from
3'E2El and an in-frame ATG engineered directly in front of the El-coding sequence. SP6 RNA polymerase promoters are marked with solid
squares, and putative signal peptides for E2 and El are indicated by open squares. Restriction enzyme sites are shown as follows: E, EcoRI;
N, NcoI; P, PstI; and H, HindlIl. (B) sequence of 5' regions of El and 3'E2El inserts up to the El-coding region. Translation initiation sites
are designated by arrowheads. The putative transmembrane anchor of E2 and the signal peptide of El are underlined with broken and solid
lines, respectively. The N-terminal coding region (GAGGAG) of El in each cDNA is indicated. The exact carboxyl-terminal terminus of E2
has not been determined.

E2
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FIG. 2. Cell-free translation of pEl and p3'E2E1 RNAs. Translation was performed at 30°C in the presence of L-[35S]methionine, with or
without canine microsomes (mic). Trypsin (trp) (300 pg/ml) digestion was done at 0°C for 1 h, and the products were separated on a 10%
Laemmli gel and fluorographed at -70°C. Some trypsin digestions included 1% Triton X-100 (TX-100). Numbers at left are molecular weights
in thousands.

signal sequence (Fig. 1A and B). Plasmids were linearized
with HindlIl, and capped full-length transcripts were tran-
scribed with SP6 RNA polymerase and translated in vitro,
using a nuclease-treated rabbit reticulocyte system.

In the presence of microsomes, a functional signal peptide
should confer translocational competency to El such that
the protein is protected from exogenously added protease.
The translational product of pEl is a protein which has a
molecular weight of approximately 51,600 and which, when
synthesized with canine microsomes present, was appar-
ently not translocated across the membranes, as evidenced
by no detectable change in molecular weight (Fig. 2). Incu-
bation of the protein with trypsin, with or without mem-
branes, resulted in complete proteolysis, indicating that the
pEl protein was not sequestered in the microsomes.

Cell-free translation of RNA from p3'E2E1 produced a
protein with an apparent molecular weight of 59,000 to
60,000. Translation of this protein with microsomes gave rise
to a slightly larger polypeptide species (Fig. 2). Presumably
this increase in size was due to core glycosylation at one or
more of the three potential N-linked glycosylation sites in El
(3). Complete degradation occurred after trypsin treatment
in the absence of microsomes; however, protection from
proteolysis was observed after translation with microsomal
membranes. No significant decrease in size was noticeable
after proteolysis, indicating that most of the p3'E2El protein
was sequestered in the vesicles. The microsome-mediated
protection was abolished when trypsin digestion was per-
formed with Triton X-100.

Expression in COS cells. The cDNA inserts from pEl and
p3'E2El were subcloned into the simian virus 40-based
eukaryotic expression vector pSVL. The vector contains the
simian virus 40 late promoter and polyadenylation site and is
used primarily for high-level transient expression in COS
cells. COS cells were transfected with pSVL-El and pSVL-
3'E2El, and the cellular proteins were labeled with
[35S]methionine. Fluorographs from COS cell radioimmuno-
precipitates are shown in Fig. 3A. Cells containing pSVL-
3'E2El expressed a protein that was antigenically similar to
native RV El glycoprotein (Fig. 3A, lane 2). Immunoprecip-
itates from COS cells expressing pSVL-El contained no
El-specific protein, even after extended exposure times

(Fig. 3A, lane 3). Figure 3B shows that the El-specific
protein from pSVL-3'E2El-transfected cells was endo H
sensitive and therefore contained N-linked glycans of the
high-mannose variety.
Northern blot analysis. Total cellular RNA from COS cells

transfected with pSVL-El and pSVL-3'E2El was prepared
and electrophoresed through a denaturing agarose gel, trans-
ferred to nitrocellulose, and probed with a 32P-labeled oligo-
nucleotide complementary to El. Both pSVL-El- and

A 1 2 3 4 5 B 1 2 3

El )0- UP4

c -

ES P. .I*
El >
E2>-

( ).

FIG. 3. (A) Expression of pSVL-El and pSVL-3'E2El in COS
cells. COS cells were transfected with the respective plasmids in the
presence of DEAE-dextran and grown at 37°C for 40 h. Cellular
proteins were labeled with 400 ,Ci of L-[35S]methionine for 3 h,
immunoprecipitated, separated on a 10% Laemmli gel, and fluoro-
graphed. Lanes: 1, 35S-labeled RV strain M33-, 2 and 5, pSVL-
3'E2E1-transfected COS cell lysates; 3, pSVL-El COS cell lysate;
4, pSVL (vector)-transfected COS cells. Lanes 1 to 4 are radioim-
munoprecipitates produced with rabbit polyclonal serum to RV
strain M33; in lane 5 preimmune rabbit serum was used. (B)
Deglycosylation of radioimmunoprecipitated proteins from pSVL-
3'E2El-transfected COS cells. COS cells were transfected as de-
scribed in panel A. Lanes: 1, RV structural proteins; 2 and 3,
immunoprecipitates from pSVL-3'E2E1-transfected COS cells. In
lane 3, the sample was digested with endo H prior to electrophoresis
and fluorography.
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separated on denaturing agarose gels, transferred

and hybridized to a23P-labeled 30-mer complement.

1, pSVL-3'E2E1-transfected COS cell RNA; 2,

fected COS cell RNA; 3, pSVL-transfected COS

nuclease digestion of RNA from transfected C

cellular RNA was isolated from transfected COS ce
32P-labeled antisense RNA from p3'E2El, and

nuclease; samples were then denatured, separated

agarose gel, transferred to Hybond N (Amersham'
graphed. Lanes: 1, RNA from pSVL-El-transfect4
from pSVL-3'E2E-transfected cells; 3, RNA fro

fected cells; 4, antisense p3'E2El RNA (ca. 1,800

head indicates full-length 3'E2El RNA in lane 4.

pSVL-3'E2El-specific RNAs were present

amounts in the transfected cells (Fig. 4A). In

major bands, there appeared to be minor anr

hybridizing RNA species (Fig. 4A, lanes

nuclease protection analysis was performed t(
sizes of the protected transcripts in transfec

length transcripts were indeed synthesized in

transfected cells (Fig. 4B, lane 2), and the

species in pSVL-El-containing cells was

smaller (Fig. 4B, lane 1). These results su
undetectable level of pSVL-El protein in tr

cells is not due to decreased mRNA synthe
RNA splicing.

DISCUSSION

The mechanism of processing ofRV structu
and E2 is largely unknown, despite the recc
sequence data (3, 26). Oker-Blom (18) has

gene order on the 24S RNA is NH2-C-E2-I
using synchronized translation experiments,
thesized before El. The question of whether

independently functioning signal sequence

dressed by expressing two different El con~

which contains the putative signal, in cell-f

systems and in COS cells. Plasmid p3'E2E
El-coding region preceded by a highly hydr(
of amino acids with all the characteristics of a

peptide, as described by von Heijne (27). T

hydrophobic core, alanine at position -3, gly4
-1, and proline at position -4 relative to th

(25, 27). In construct pEl, on the contrar)
signal is lacking, and translation starts at

immediately adjacent to the El gene.

RNA from p3'E2El was translated in tU
canine microsomes and produced a luminal

3 4 polypeptide slightly larger than that produced by RNA
translated in the absence of membranes. Detergent-labile
protection from added trypsin was also afforded to this
protein by the microsomes. The membrane topology of El
predicted from these results implies that the 27 hydrophobic
residues in the carboxyl end of El function as the transmem-
brane anchor (3, 26). The 13 residues exposed to the cyto-
plasm would therefore be the only part of El vulnerable to
exogenously added protease, resulting in no significant de-
crease in the size of the protein. In contrast, the El protein
lacking the signal peptide was not translocated into micro-
somes and subsequently was completely sensitive to trypsin.
The expression of pSVL-El and pSVL-3'E2El in COS

cells further supports data for an independently functioning
signal peptide for El. The El-specific protein synthesized in

transfected COS COS cells with pSVL-3'E2El is translocated into the ER and
fected COS cells glycosylated. The endo H sensitivity of this protein indicates
to nitrocellulose, that the glycan moieties are of the high-mannose type (11). In
:ary to El. Lanes: RV virions, the El glycoproteins are of the endo H-resistant
pSVL-El-trans- type (data not shown), indicating that El from pSVL-

cell RNA. (B) S1 3'E2El-transfected COS cells contains different oligosac-
'OS cells. Total charide structures. Immunoprecipitates from COS cells
lis, hybridized to transfected with pSVL-El do not contain detectable levels
digested with S1 of El, despite the presence of large amounts of intact
on a denaturing El-specific RNA present. This fact, however, does not rule

e, andautoradco- out the possibility that mRNA from this plasmid is not
om vector-trans- translated as efficiently as that from pSVL-3'E2El in COS
nts). The arrow- cells. However, inefficient translation of pSVL-El mRNA is

unlikely in light of the fact that the ribosome-binding site
5'GCCTATGGCATGG3' in this construct is in fairly good

in comparable agreement with the consensus sequence GCCGCCAC-
addition to the CATGG for eucaryotic ribosome-binding sites (12). Note
nounts of other that at the two most important positions, -3 and +4 (relative
1 and 2). Sl to ATG), homology is observed in the pSVL-El insert. Also,

o determine the SP6 transcripts from pEl efficiently direct translation in a
tedcells. Full- cell-free system, thus proving that the ribosome-binding siteSVcLe-3s.E2El- common to pEl and pSVL-El is functional. Clarke et al. (D.pSVL3tE2tElRNA M. Clarke, T. W. Loo, H. McDonald, and S. Gillam, Gene,protected RNA in press) have shown that unglycosylated El expressed in
gonly slightly vivo is still antigenic, ruling out the possibility that the

ansfected COS pSVL-El protein is not immunoprecipitated due to a lack of-asistoraberan N-linked glycans.,sis or aberrant Newly synthesized membrane proteins that fail to undergo
translocation have been shown to be extremely unstable in
the cytoplasm (7, 9, 23). The most likely reason for not
detecting El protein in COS cells transfected with pSVL-El

iral proteins El is rapid proteolysis of the untranslocated protein.
ently published The strategy for the expression of RV structural proteins
shown that the is similar to that in alphaviruses, such as Semliki Forest
El-COOH and, virus and Sindbis virus (6, 22), although RV does not contain
that E2 is syn- a 6,000-dalton peptide between E2 and El. The signal
El has its own peptide of Semliki Forest virus El is contained in the
has been ad- C-terminal region of the 6,000-dalton peptide and is able to

estructs, one of initiate translocation of El in the absence of E2, both in vitro
free translation and in vivo (16). Presumably, in RV E2-E1 processing,
,1 contains the targeting of the E2-El precursor to the rough ER via the E2
)phobic stretch signal sequence initiates the insertion of E2 into the ER
classical signal lumen. The transfer of E2 is halted by the 19-residue
hese include a transmembrane domain of E2, and translocation of El is
cine at position initiated by the El signal peptide (Fig. 1B).
te cleavage site In summary, we have provided experimental evidence
y, the putative that a functional signal peptide for RV El glycoprotein exists
a methionine within the C-terminal 69 amino acids of E2 and is likely the

20 residues preceding El. This group of hydrophobic amino
ie presence of acids has been previously implicated as the signal peptide of
lly sequestered El based on its conformity to features of well-known eu-
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caryotic signal sequences (5, 17, 25, 26). We are currently
engaged in the fine mapping of the El signal peptide by using
mutants with deletions in the E2 carboxyl terminus.
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