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The E1-glycoprotein (M, = 26,014; 228 amino acids)
of mouse hepatitis virus A39 is a class IIl membrane
glycoprotein which has been used in this study as a
model system in the study of membrane integration
and protein transport. The protein lacks an NH.-ter-
minal cleavable signal sequence and spans the viral
membrane three times. Hydrophobic domains I and IIT
could serve as signal sequences for cotranslational
membrane integration. Domain I alone was sufficient
to translocate the hydrophilic NH: terminus of El1
across the membranes as evidenced by glyeosylation of
a newly introduced N-glycosylation site. The COCH-
terminal part of E1 involving amino acids Leu'** to
Thr*2® was found to associate tightly with membranes
at the post-translational level, although this part of the
molecule lacks pronounced hydrophobic sequences.
Membrane protection assays with proteinase K showed
that a 2-kDa hydrophilic fragment was removed from
the CQOOH terminus of E1 indicating that the protein
is largely embedded into the membrane. Microinjection
of in vitro transcribed capped and polvadenylated
mRNA into CV-1 cells or into secretory AtT20 pitui-
tary tumor cells showed that the El-protein accumu-
lated in the Golgi but was not detectable at the plasma
membrane or in secretory granules, The 28 NH.-ter-
minal hydrophilic amino acid residues play no role in
membrane assembly or in intracellular targeting.

Various NH;:-terminal portions of E1 were fused to
Ile'® of the cytoplasmic N-protein of mouse hepatitis
virus, The resulting hybrid proteins were shown to
assemble into membranes in vitro and were detected
either in the rough endoplasmie reticulum or transient
vesicles of microinjected cells.

Membrane proteins have been divided into three groups
based on their specific orientation in the membrane (Wickner
and Lodish, 1985; Garoff, 1985). According to this classifica-
tion of El-glycoprotein of MHV'® A59 belongs to the group II1
proteins which span a membrane several times (Armstrong et
al., 1984; Rottier et al, 1986). The El-protein has three
functional domains. The ectodomain representing the 28
NH:;-terminal amino acids is hydrophilic and carries exclu-
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sively (-linked oligosaccharides which exhibit, in conjunction
with the terminal amino acid sequence Ser-Ser-Thr-Thr-,
blood group M activity {(Niemann ¢¢ al., 1984b). A hydrophil-
icity analysis of E1 according to Kyte and Doolittle (1982)
reveals four internal hydrophobic stretches (Fig. 1) that span
the viral membrane three times and presumably contribute to
the rigidity of the viral membrane. The carboxyl-terminal
part of El interacts with the viral nucleocapsid and thus plays
an important role in the stages of virus formation (Sturman
et al., 1980).

Cell fractionation studies of MHV A59-infected cells indi-
cated that the El protein was synthesized on membrane-
associated polysomes (Niemann et al., 1982). In contrast to
most other viral glycoproteins the El protein could not be
detected at the plasma membrane of infected cells other than
in the form of virus particles. The intracellular distribution
of E1 was restricted to perinuclear regions (Doller and
Holmes, 1980) and thus paralleled the sites at which budding
of coronavirus particles was observed at early stages of infec-
tion {(Becker et al, 1967; Holmes et al., 1981; Tooze et al.,
1984). Recent studies showed that this intrace]lular accumu-
lation of the El-protein in smooth vesicles is not due to an
interaction of E1 with other coronavirus proteins but is an
integral feature of the El-protein itself (Machamer and Rose,
1987; Rottier and Rose, 1987; Niemann et al, 1987).

In this study we have used in vitro transcription/translation
and microinjection techniques in combination with indirect
immunofluorescence to study the membrane assembly process
and the transport properties of the E1l-polypeptide in more
detail. We show that the El-protein accumulates in perinu-
clear regions of fibroblasts and secretory cells. Based on the
expression of various El-mutants we show that deletions or
additional N-glycosylation of the amino-terminal domain of
E1l do not effect the Golgi-specific transport block. Internal
hydrophobic domains I and [l could mediate cotranslational
integration of the polypeptide into microsomal membranes.
An El-mutant lacking all three hydrophobic domains associ-
ates with membranes also post-translationally. We show that
fusion proteins between various parts of the El1 and a cyto-
plasmic protein integrate into membranes cotranslationally
and accumulate in membranes of the RER and perinuclear
vesicles.

EXPERIMENTAL PROCEDURES?

RESULTS

Experimental Strategy and Construction of Mutants of the
El-gene of MHV A59—To study the membrane assembly

2 Portions of this paper (including “Experimental Procedures,” Fig.
9, and one table) are presented in miniprint at the end of this paper.
Miniprint is easily read with the aid of a standard magnifying glass.
Full size photocopies are included in the microfilin edition of the
Journal that is available from Waverly Press.

14956

This is an Open Access article under the CC BY license.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Golgi-specific Transport of the E1-glycoprotein

AHZ

- 559; Spn! Kon!

WA |

20
nssmnpxpwowmnvonmrsﬁx n.:.rrrr:
(N) -
60 80
Q_c.‘nsn IYVVKMIILWLMWPLTIVLCIFNCVY.
+ [11]

100 120

NVYLGFSIVFTIVSIVIWIMYFVNSIRLFIRTGSWWSFNP
+ +

140 160

n-gm.uc IMGTWVRPII!DY‘ETLTATI mcm.mocv
(K) - + + -
(+)

180 200
KLGTGFSLSDLPAYVTVAKVSHLCTYKRAFLDKVDGVSGF
+ - + o+ ++ - -

220
AVYVKSKVGNYRLPSNKPSGADTALLRT

& o L] +
Etwt —— = & & —_————————— ]
E1Asn b-—:- e —— |
E144-23 [—— I T ]

E144-28 (— S TN TN

E1a4-50 ]
E1465-80 b—:-—c- 1

E144-80 1

E1445-132 &-— L ]
E'Idi.’.'i-!?:]&

o St _E

207-145 7 ey
Ss

BN Y e ——

80 - 145 B

E1- N

65-145 ™

Sc
E1- N
3 -145 —_——

FiG. 1. Mutants of the E1-protein. Panel A, hydropathy plot of
the El-polypeptide according to the program of Kyte and Doolittle
(1982). The positions of restriction sites used for the construction of
mutants are indicated. Restriction sites marked with a star were
introduced by site-directed mutagenesis. Panel B, amino acid se-
quence of the E1-polypeptide shown in the single letter code. Amino
acid changes resulting from the generation of restriction sites are
indicated. Charged residues are indicated by + or — underneath the
sequence. Open boxes show sequences with a-helical probability ac-
cording to Eisenberg et al. (1984). Dots indicate the location of 3-
bends determined by the programs of Chou and Fasman (1978) and
Cid et al. (1982). Panel C, construction of E1 deletion mutants and

14957

process of the El-protein of MHV A59 we used in vitro
synthesis of capped and polyadenylated El-specific mRNA
from pSP65 vectors (Krieg and Melton, 1984) and its subse-
quent translation in the presence of translocation-competent
microsomal membranes. To obtain polyadenylated tran-
scripts, an oligo(dA-dT) fragment derived from pSVa970 (Min
Jou et al., 1980) was inserted downstream from the E1 coding
sequences (Niemann et al., 1984a) as detailed in the Miniprint
Section. Membrane translocation was assessed (i) by protec-
tion of the translocated domains from attack of exogenous
proteinase K; (ii) by cosedimentation of the translated prod-
ucts with the microsomal fraction at neutral or alkaline pH;
(iii) by glycosylation of a newly introduced N-glycosylation
site at the NH; terminus of the E1-protein. Based on predic-
tions of the secondary structure of the El-protein (Fig. 1B;
Rottier et al., 1986) and on the hydrophobicity (Fig. 14; Kyte
and Doolittle, 1982) we introduced additional restriction sites
into the El-gene by site-directed mutagenesis. These sites
were used to construct a set of deletion mutants and fusion
proteins as indicated in Fig. 1C. To analyze the intracellular
distribution of the individual proteins, the corresponding
mRNA was microinjected into various cell types and the
proteins were visualized by indirect immunofluorescence.
The Hydrophilic NH,-terminal Domain of the El-protein
Plays No Role in Membrane Integration nor in Establishing
the Topology—Fig. 2 shows the results obtained by in vitro
translations of E1-specific mRNA carrying mutations within
the hydrophilic NH;-terminal region. In agreement with pub-
lished data (Niemann and Klenk, 1981) the wild type E1-
protein (M, 26,014) is not glycosylated when microsomal
membranes are added to the translation mixture. This obser-
vation supports the structural model of the E1-protein which
suggests that the potential sequon (-Asn®’-Phe-Ser-) is em-
bedded in the membrane and thus not accessible for the
glycosyl transferase. Proteinase K treatment of the transla-
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Fic. 2. The NHz-terminal domain of the El1-protein is not
required for membrane integration in vitro. Capped and poly-
adenylated mRNA was translated in reticulocyte lysate in the absence
(=) or presence of translocation-competent microsomal membranes
(M). Aliquots were treated with proteinase K (P) in the absence or
presence of 1% Triton X-100 (D). Numbers characterizing individual
mutants represent the first and the last amino acid of the deletion
within the El-protein. [**S]Methionine-labeled samples were ana-
lyzed on a 15% SDS-polyacrylamide slab gel and visualized by auto-
radiography. Molecular weights are indicated in kilodaltons and were
estimated with the following molecular mass standards: myosin
(200,000 Da), phosphorylase b (93,500 Da), bovine serum albumin
(69,000 Da), ovalbumin (46,000 Da) carbonic anhydrase (30,000 Da),
lysozyme (14,300 Da), and aprotinin (6,500 Da) and cyanogen bromide
fragments prepared from myoglobin (yielding fragments in the range
from 1,700 to 17,200 Da). E, endo-8-N-acetylglucosaminidase; S,
globin standard.
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E1-N fusion genes. Black boxes indicate regions encoding hydrophobic
domains. Dotted areas correspond to sequences encoding the MHV
JHM nucleoprotein. Restriction sites used for the construction of
fusions are depicted. Filled triangles symbolize mutations made to
introduce N-glycosylation sites.
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tion products obtained in the presence of membranes yielded
a truncated 24,000-dalton form. Rottier et al. (1985) have
shown that this species represents the El-protein lacking a
2,000-dalton fragment from the carboxyl-terminal end. To
assess lumenal exposure of the NH;-terminal domain, an N-
glycosylation site (-Asn®-Thr-Thr-) was introduced into this
region by site-directed mutagenesis. The resulting polypep-
tide, designated E1Asn, was indeed glycosylated in the pres-
ence of membranes, as indicated by the formation of a 29,000-
dalton species. The proteolytic cleavage product from this
glycosylated species was larger (M, 26,500) than that of Elwt,
again demonstrating that in the absence of detergent the
proteolytic attack occurred exclusively within the carboxyl-
terminal part of the E1-molecule. In the presence of detergent
the E1Asn-species was degraded to a 15,600-dalton fragment
as also obtained from Elwt, indicating that the N-glycosyla-
tion site was removed (data not shown).

Consistent with the size of the deletions, the two mutants
E1A4-23 and E1A4-28 generated integral membrane proteins
that were about 2,500 or 3,000 daltons smaller than the E1wt-
peptide. Both peptides were efficiently integrated into the
membranes. Proteolysis gave products that were again about
2,000 daltons smaller than the original peptides indicating
that their overall structure in the lipid bilayer remained
unaltered. In the presence of detergent all E1-mutants were
degraded to the 15,600-dalton species indicating that the NH.
terminus was removed under such conditions. As indicated by
the size of this fragment and further evidence below, addi-
tional cleavage in detergent also removed parts of the COOH-
terminal tail.

The El-protein Contains More than One Signal Sequence—
To analyze which of the internal hydrophobic domains was
essential for membrane integration, we produced mutants in
which one or more of these domains were deleted. The results
are summarized in Fig. 3. A deletion of the first hydrophobic
domain, as present in E1.4/50 (M, 20,100), neither prevented
membrane integration nor did it alter the orientation of the
protein in the membrane, as indicated by the proteolytic
removal of the typical 2,000-dalton fragment. Analysis of
E1A45-132 (M, 15,000), retaining solely the first hvdrophobic
sequence, did not vield any detectable protected fragment.
The results obtained with preprolactin control mRNA (Fig.
AC') indicated that the membrane preparation was not leaky
for the protease. The E1A45-132-Asn molecule, carrving the
newly created N-glveosvlation site, vielded a glycosylated
18,500-dalton species. Treatment with endo-5-N-acetylglu-
cosaminidase H created a third molecular species which was
somewhat larger than the nonglveosvlated form. The cotrans
lational addition of increasing amounts of an acceptor pep-
tide for N-glveosvlation (henzovl-Asn-Let
Bause, 1983) revealed that only one of

1-Thr-methylamide;

the two sites was
glveosvlated (data not shown).

The E1A23-123-Asn (Fig. 34) lacked all three hyvdrophobic
domains and provided the NH._-terminal glveosvlation site as
a reporter group for lumenal exposure. This peptide was not
slveosylated and was completely degraded by the protease
even in the absence of detergzent. This finding excludes the
possibility that smaller E1-peptides could diffuse through the
membrane and provides further evidence that the COOH-
terminal hydrophilic part of E1 was not intrinsically resistant
to the protease,

Mutant E1A4- 80 (Fig. 3C), retaining hydrophobic domain
ITI, was inserted into the membranes. Treatment with the
protease revealed that it was not secreted but remained an
chored in the membranes, This domain seemed to be sufficient

to stabilize the carboxvl-terminal part of the molecule within
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FiG. 3. Membrane translocation of E1-mutants lacking in-
dividual hydrophobic domains. For details of translation and
abbreviations see the legend to Fig. 2. A, E1A4-50 lacks the first,
E1A45-132 the second and third, and E1A23-123 lacks all three
transmembrane domains, respectively. Samples were analyzed on a
15% SDS-polyacrylamide slab gel. B, E1A45-132-Asn contained a
newly created N-glycosylation site within the amino-terminal part. E
indicates the treatment of the sample with endoglycosidase H prior
to gel electrophoresis. Samples were analyzed on a 22% SDS-slab gel
containing 6 M urea. C, E1A154-194 was analyzed to demonstrate
that the deleted part of the molecule is not responsible for a translo-
cation block of the COOH-terminal domain. E1A4-80 retains the

third transmembrane domain: B1A65 80 lacks the first part of the
second hydrophobic domain. The translation of preprolactin mRNA
was included to assess the guality of the membranes in terms of
translocation activity, tightness against proteinase K. and signal

peptidase activity.,

the membrane, since protease treatment removed only the
COOH-terminal 2,000-dalton fragment from E1.4-80. In the
presence of detergent, however, the 1.4 80 molecule was
degraded to an 8,500-dalton species. The size of this product
in comparison to that obtained from E1A154-194 under de-
tergent conditions (15,500 daltons) indicates that in both
instances the resistant fragments contained hvdrophobic se-
quences and parts from the COOH-terminal part of the El
molecule. The deletion of amino acids 154-194 made the
COOH-terminal region susceptible to proteinase K even in
the absence of detergent, as evidenced by the release of a
4,500-dalton fragment vielding a peptide of almost the same
size as the product obtained in the presence of detergent.
When part of the hvdrophobic domain 11 was deleted, as
shown in Fig. 3C for E1A65-80-Asn, the overall topology of
the mutant protein remained unaltered. Protease cleavage
removed a 6500-dalton fragment and thus did not occur at
the original site around amino acid 205, but about 40 amino
acids displaced toward the NH. terminus vielding a protected
fragment of about 21 kilodaltons. We interpret these findings
to mean that part of the domain IT helps to stabilize the
COOH -terminal tail of E1 in the membranes.
Co- and Post-translational Interaction of the El-mutants
with Microsomal Membranes—To analyze whether membrane
integration of the individual mutants was coupled to transla
tion, we examined peptides, to which membranes had heen
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added before or after their synthesis, for cosedimentation
with the membranes at neutral or alkaline pH. The results of
Fig. 4 show that all the molecular species retaining one of the
hydrophobic domains integrated exclusively at the cotrans-
lational level and were present in the pellet fraction. The
finding that the peptides E1A45-132 and E1A4-80 were not
released at alkaline pH further supports our conclusion that
the hydrophobic domains I and III function simultaneously
as signal and stop transfer sequences.

In contrast, peptide E1A23-123, although lacking all three
internal hydrophobic domains, clearly associated with the
membranes at the co- and post-translational level at either
pH.

Membrane Assembly of E1-N Fusion Proteins—We have
constructed four E1-N fusion proteins containing NH,-ter-
minal El-specific sequences fused via the amino acid indi-
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FiG. 4. Cotranslational and post-translational interaction
of El1-mutants with microsomal membranes. Capped and poly-
adenylated mRNA was translated in reticulocyte lysate in the pres-
ence (cotranslational) or absence (post-translational) of membranes.
Translation reactions were terminated after 45 min by the addition
of cycloheximide. After 5 min at room temperature membranes were
added to the post-translational assays. Incubation was continued for
another 30 min for both series. Membrane association was determined
by centrifugation of the samples through neutral or alkaline sucrose
cushions as detailed in the Miniprint Section. Supernatant (S) and
pellet (P) fractions were collected and analyzed on 15% SDS-poly-
acrylamide gels as above, Globin was included as a negative control.
T indicates the total translation mixture, and M stands for molecular
mass markers (lysozyme, 14,300 daltons; carbonic anhydrase, 30,000
daltons).
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Fi1G. 5. Membrane translocation of various E1-N fusion
proteins in vitro. For experimental details see the legend to Fig. 1
or the Miniprint Section. Numbers specifying the mutants indicate
the last amino acid of the El-protein fused in-frame to isoleucine
residue (145) of the nucleoprotein. Samples were analyzed on a 15%
SDS-polyacrylamide gel. M, microsomal membrane; P, aliquots
treated with proteinase K; D, aliquots treated with proteinase K in
presence of 1% Triton X-100.

cated to Ile'” of the nucleoprotein of MHV JHM (Fig. 1C).
The results summarized in Fig. 5 revealed that all peptides
with the exception of E1-N(3-145) were integrated and an-
chored in the membranes.

As demonstrated by the analyses of E1-N(64-145) and E1-
N(80-145), the second hydrophobic domain or the remainder
of it was also embedded into the membranes and thus pro-
tected against proteolytic attack yielding products of 10,400
and 11,200 daltons, respectively. Fragments of this size could
not be derived from the nucleoprotein, since no proteolytic
degradation products could be identified from E1-N(3-145).
E1-N(207-145) yielded fragments in the protease protection
assay that were indistinguishable from the corresponding
fragment derived from Elwt, indicating the identical mem-
brane topology of the fusion protein. The topology of the NH,
termini was verified by analyzing the corresponding variants
carrying the newly created N-glycosylation site (data not
shown).

Intracellular Transport Properties of the E1-protein and Its
Mutants—The in vitro synthesized mRNA was capped and
polyadenylated in order to increase its half-life after microin-
jection into eucaryotic cells (Huez et al., 1981; Drummond et
al., 1985). The intracellular targeting of the E1-proteins was
studied by indirect immunofluorescence as detailed under
“Experimental Procedures.”

In agreement with published data (Machamer and Rose,
1987; Niemann et al., 1987; Rottier and Rose, 1987), the E1-
protein accumulated in perinuclear regions of the injected
cells (Fig. 6B). In double-labeling experiments these regions
could not be distinguished from those recognized by the Golgi-
specific rhodamine-labeled wheat germ agglutinin (Fig. 64).
The specific distribution of E1 was observed in about 50% of
the injected cells while the remaining cells did not respond
with any synthesis of E1-protein.

No E1 could be detected on the surface of injected cells as
judged by the failure of staining with polyclonal E1-specific
antibodies against virus particles and purified by elution from
Western blots. In addition, no staining was obtained with
antibodies directed against a synthetic peptide consisting of
the eight NH,-terminal amino acids (Ser-Ser-Thr-Thr-Gln-
Ala-Pro-Glu) of E1 (data not shown). Even at late stages after
injection or when 3-fold larger amounts of RNA (3 ug/ml)
were injected, E1 was absent from the plasma membrane. In
such instances also the nuclear membrane and the RER of
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F1G. 6. Transport properties of mutants of the E1-protein.
Capped and polyadenylated mRNA was microinjected into CV-1 cells
or secretory AtT20 cells. The distribution of the El-protein was
determined by indirect immunofluorescence 6 h after injection. A,
Elwt mRNA injected into CV-1 cells were stained with rhodamine-
conjugated Golgi-specific WGA. B, same cells as in A but stained
with polyclonal E1-specific antibodies and fluorescamine-labeled goat
anti-rabbit IgG. C, AtT20 cells injected with Elwt mRNA were
stained with anti-ACTH rabbit serum and rhodamine-labeled goat
anti-rabbit IgG. D, same cells as in C but stained with a monoclonal
E1l-specific antibody and fluorescamine-conjugated goat anti-mouse
IgG. E, CV-1 cells microinjected with E1-Asn mRNA and stained
with WGA. F, same cells as in E but stained for E1 as in D. G, CV-1
cells injected with E1A4-28-specific mRNA and visualized by staining
with WGA. H, same cells as in G, but stained for the presence of E1
as in ). The bars represent 20 um.

the injected cells contained E1-protein (data not shown). This
observation indicates that the El-protein is accumulating
rapidly in membranes of the Golgi and piles up in the RER
only after the former membranes are saturated (Tooze et al.,
1984).

To determine whether the perinuclear accumulation of E1-
protein was a phenomenon restricted to fibroblasts, we in-
jected mRNA into AtT20-cells, a transformed mouse pituitary
gland cell line secreting ACTH. Again, the El-protein was
present in the Golgi region of the injected cells (Fig. 6D). No
E1 was detectable at the cell surface (not shown), and no E1
was present in peripheral secretory granules that were labeled
with antibodies against ACTH (Fig. 6C).

Fig. 6, E and F, show that the E1Asn mutant protein also
accumulated in Golgi-like compartments. Since the E1Asn
species was efficiently glycosylated in the in vitro assay, it is
highly likely that this glycosylation also occurs in vive. This
would then allow the conclusion that cotranslation N-glyco-

Golgi-specific Transport of the E1-glycoprotein

sylation of the amino-terminal domain of E1 does not alter
its intracellular transport properties.

In addition, a deletion of most of the hydrophilic NHs-
terminal domain had no influences on the intracellular tar-
geting as shown for the E1A4-28-protein in Fig. 6, G and H.

Intracellular Transport of E1-N Fusion Proteins—Fig. T
shows the intracellular distribution of newly synthesized E1-
N-proteins. A monoclonal antibody directed against the nu-
cleoprotein was used to detect the fusion proteins. In agree-
ment with the observation that E1-N(3-145) did not integrate
into the membranes in vitro (Fig. 5), the polypeptide was
found dispersed throughout the cytoplasm of the injected cell
(Fig. 7A). In contrast, E1-N(64-145) containing the first and
part of the second hydrophobic domain accumulated in mem-
branes of the RER (Fig. 7C) as indicated by double-labeling
with a polyclonal antibody binding to the carboxyl-terminal
domain of canine ribophorin I (Fig. 7D). Therefore, both
antibodies bound to epitopes that were located at the cyto-
plasmic face of the RER. The E1-N(80-145)-protein contain-
ing the first two membrane-spanning domains accumulated

Fic. 7. Transport properties of various E1-N fusion pro-
teins. CV-1 cells were microinjected with capped and polyadenylated
mRNA encoding various E21-N fusion proteins. The N-specific dis-
tribution in A, C, E, and G was visualized 6 h after injection with a
monoclonal antibody directed against the nucleoprotein of coronavi-
rus JHM (Wege et al., 1984). B, same injected cells as in A using E1-
N(3-145)-specific mRNA and stained with WGA. D, cells injected as
in C with E1-N(64-145) but stained with a rabbit antiserum against
the cytoplasmic domain of canine ribophorin I to specify the rough
endoplasmic reticulum. F, cells injected as in E with E1-N(80-145)-
specific mRNA and stained with WGA. H, cells injected as in G with
E1-N(207-145)-specific mRNA. The cells in H were labeled with the
anti-ribophorin antibody. The bars represent 20 um.
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in perinuclear membranes (Fig. 7TE) which were not laheled
with the ribophorin-specific antibody {not shown). Some of
the E1-N containing compartments were stained by the Golgi-
specific lectin (Fig. 7F). The intracetlular distribution E1-
N(207-145) followed basically the pattern specific for the
RER. The labeled structures, however, seemed to have a more
vesicular character. By using WGA in similar double-labeling
experiments it became obvious that these vesicles were not
closely associated with Golgi compartments, It is feasible to
assume that these vesicular structures represent transient
vesicles which are derived from the RER and constitute the
primary sites of virus maturation in the infected cell (Becker
et al., 1967, Tooze et al., 1984).

DISCUSSION

We have analyzed the topogenic signals and the intracel-
lular transport properties of the glycoprotein E1 of MHV A59,
a class 1II membrane glycoprotein.

One of the models for the biosynthesis of polytopic mem-
brane proteins suggests that these multispanning proteins are
translocated into the endoplasmic reticulum membrane by
alternating signal and stop transfer sequences (Friedlander
and Blobel, 1985; Kopito and Lodish, 1985). Recently Zerial
et al. {1987) have demonstrated that foreign peptides could
replace the internal signal and anchor sequence of the human
transferrin receptor. These studies suggested that the hydro-
phobic character and the position in the molecule rather than
the actual amino acid composition determine the character of
a transmembrane sequence. In light of these findings we did
not attempt to take the internal hydrophobic domains of the
El-protein of MHV A59 completely out of their context by
transferring them into different proteins, Instead, we have
constructed deletion mutants and fusion proteins which re-
tained authentic El-sequences either from the NH; terminus
or from the COOH terminus.

We show here that the domains I and III could function as
signal and stop transfer sequences determining the topology
of the El-molecule (Fig. 8).

(i). The NH,-terminal hydrophilic domain of E1 does not
play a role in the membrane integration process or in deter-
mining the topology of the El-protein. No cleavable signal
sequence is uncovered by the removal of this part of the El1-
molecule which notably shows the largest degree of hetero-
geneity among different strains of coronaviruses (Lapps et al.,
1987; Rasschaert et al., 1987; Boursnell et al., 1984),

(ii). Hydrophobic domain I alone was sufficient to trans-
locate the amine-terminal part of the El-molecule to the
lumenal side as demonstrated by the glycosylation of the
newly created N-glycosylation site in E1445-132-Asn. No

E1wt

EL3ab432 LUMEN
E1185-80
3 3 N Ena4-80 E1423423
N
YA ™ 1 ) &’N/\ nl M
/\ ? (/\__
] [

Fic. 8. Postulated topology of individual E1-mutants in the
membrane as evidenced by N-glycosylation and protease pro-
tection assays. The estimated cleavage sites are indicated by arrows.
For further details see the text.
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glycosylation was observed when membranes were added post-
translationally. The orientation of the E1445-132 molecules
is identical to that of the M2-protein of influenza virus (Lamb
et al, 1985) but differs from that of other glycoproteins with
internal uncleavable signal sequences such as the asialogly-
coprotein receptor (Spiess and Lodish, 1986), the human
transferrin receptor (Zerial et al, 1986), or the human glucose
transporter (Mueckler and Lodish, 1986). At present we do
not know whether domain I can translocate only NH,-termi-
nal sequences of a limited size. While the E1-proteins from
the hovine and the avian coronaviruses have hydrophilic
ectodomains containing 28 and 22 amino acids, respectively,
the corresponding ectodomain of the El-preprotein from
transmissible gastroenteritis virus is 46 amino acids in length.
Interestingly, this polypeptide is synthesized with an addi-
tional NH,-terminal cleavable signal sequence of 17 amino
acid residues (Laude ef al., 1987).

(iii). The transmembrane domain I functioned as a stop
transfer sequence, even though basic amino acid residues
present in the cytoplasmic loop between domains I and II
were removed together with domains II and III. Clearly,
E1A45-312 was not secreted into the lumen since the native
glycosylation site (Asn*-Phe-Ser} was not glycosylated in this
deletion mutant or in a corresponding E1-N fusion protein.

{(iv). The presence of a second signal sequence within the
third hydrophobic domain was demonstrated by the analysis
of E1A4-80. This protein was inserted into the membrane
exclusively at the cotranslational level, and the peptide exhib-
ited the authentic orientation (Fig. 8). It has been shown
previously that signal recognition particles exert a transla-
tional block as late as up to a point in the translation when
two-thirds of the El-molecule (150 amino acids) have been
synthesized (Rottier et al., 1985). These data are in agreement
with our observation that the third domain indeed functions
as a signal sequence.

Our conclusion that the hydrophobic domain II of the E1-
protein is not actively involved in the membrane insertion
process is based on indirect evidence. First, the two polypep-
tides containing either a combination of domains I and II
(present in mutant E1-N(80-145)) or IT and IIT (present in
E144-50) assembled in the membrane in the original orien-
tation. Second, E1A65-80 which lacked the first half of do-
main Il was integrated efficiently into membranes with the
authentic topology, as indicated by N-glycosylation of the
NH, terminus. We interpret these findings to mean that
membrane integration and orientation of domain II are pre-
determined by the presence of domains I and III. However,
our data do not exclude the possibility that domain II could
function independently as a signal sequence.

The capability of the COOH-terminal tail of E1 to associate
with membranes post-translationally was unexpected. This
behavior may reflect the natural role of E1 as a matrix protein
guiding the viral nucleocapsid to the place of virus budding
{Sturman et ol., 1980).

Our microinjection experiments indicated that the El-pro-
tein has an intrinsic signal for a retention in Golgi-like
compartments in fibroblasts and secretory AtT20 cells. This
retention signal of the El-protein is functional in the absence
of other viral proteins. Similar results have been obtained
previously for the El-protein of avian infectious bronchitis
virus (IBV) (Machamer and Rose, 1987) and for the El-
protein of MHV A59 using DNA expression vectors {Niemann
et al., 1987; Rottier and Rose, 1987). In MHV A59-infected
AtT20 cells virus particles were shown to bud into pre-Golgi
compartments and then share the secretory pathway with the
secretory protein ACTH through the same Golgi stacks into
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the trans-Golgi network. At this site the constitutive secretory
pathway for the virus and the regulated secretory pathway for
the hormone diverged (Tooze et al., 1987). We show here that
this transport property was also shared by the isolated E1-
protein, since it was not detected in secretory post-Golgi
vesicles filled with AT'CH.

Studies by Machamer and Rose (1987) demonstrated that
the first transmembrane domain of the protein from the
infectious bronchitis virus was responsible for its retention in
the Golgi while a protein retaining only the third transmem-
brane domain was transported to the plasma membrane.
Unfortunately, we were unable to detect El-peptides after
microinjection of mENA encoding E1A45-132 and E144-80,
At present we do not know whether this is due to an instability
of the corresponding mRNA, whether the protein synthesized
in vivo was degraded, or whether it was too dispersed through-
out the cells to be detected with the antibodies.

The described modifications of the ectodomain of the El-
molecule had no influence on the El-specific transport prop-
erties. To assess the applicability of parts of the E1-molecule
to direct fusion proteins into the Golgi, we have microinjected
mRNA encoding various parts of the El-protein fused in
frame to a carboxyl-terminal part of the cytoplasmic N-
protein of MHV JHM. Each of the fusion proteins containing
one or more of the hydrophobic domains of E1 was detected
in perinuclear membranes. The fusion proteins E1-N(64-145)
and E1-N{80-145) were not transported into the Golgi indi-
cating that particular nucleoprotein-specific sequences added
to the cytoplasmic COOH terminus prevented release from
the RER. Only in very few cells the intracellular distribution
of E1-N{207-145) overlapped with the Golgi pattern as
stained by WGA, and it was also different than the pattern
obtained with RER-specific antibodies. We suggest that the
compartments harboring the E1-N(207-145) are transient
vesicles which in the virus-infected cells are the sites of
particle formation. Experiments involving immunoelectron
microscopy on cells infected with recombinant vaccinia virus
are currently in progress.

Acknowledgments—We thank David Meyer (UCLA, Los Angeles)
and John Tooze (EMBL, Heidelberg) for antibodies directed against
ribophorin and ACTH, respectively. We are indebted to Bernhard
Dobberstein {EMBL, Heidelberg) for providing dog pancreatic mem-
branes and for fruitful discussions. We thank Juan Ortin (Universitad
Autonoma, Madrid) and Carl Blobel (University of California, San
Francisco) for plasmids pSVa970 and pB4.

REFERENCES

Ansorge, W, (1982} Exp. Cell Res. 140, 31-37

Armstrong, 4., Niemann, H., Smeekens, S., Rottier, P., and Warren,
G. (1984) Nature 308, T51-752

Bause, E, (1983) Biochem. J. 209, 331-336

Becker, W. B., McIntosh, K., Dees, J. H., and Chanock, R. (1967) J.
Virol 1, 1019-1027

Boursnell, M. E. G., Brown, T. D. K., and Binns, M. M. (1984) Virus
Res, 1, 303-313

Burke, B., Griffiths, G., Reggio, H., Louvard, D., and Warren, G.
{1982) EMBO J. 1, 1621-1628

Chou, P. Y., and Fasman, G. I. (1978) Adv. Enzymol. Relat. Areas
Mol. Biol. 47, 247-254

Cid, H., Bunster, M., Arriagada, E., and Campos, M. (1982) FEBS
Lett. 150, 247-254

Golgi-specific Transport of the EI1-glycoprotein

Doller, E. W., and Holmes, K. V. {1980) Abstr. Annu. Meet. Am. Soc.
Micrabiol., Abstr. T190, p. 267

Drummend, D, R., Armstrong, J., and Colman, A. (1985) Nucleic
Acids Res. 13, 7375-7394

Eisenberg, D., Schwarz, E., Komaromy, M., and Wall, R. (1984) JJ,
Mol Biol 179, 125-142

Friedlander, M., and Blobel, G. (1985} Naiure 318, 338-343

Garoff, H. (1985} Annu. Rev. Cell Biol. 1, 403-445

Gilmore, R., and Blobel, G. (1985) Cell 42, 497-505

Holmes, K. V., Doller, E. W., and Behnke, J. N. (1951) Adv. Exp.
Med. Biol. 142, 133-139%

Huez, G., Bruek, C., and Cleuter, Y. (1981) Proc. Natl. Acad. Sci.
U 5. A 78, 9038-911

Jackson, R. J., and Hunt, T. (1983) Methods Enzymol, 96, 50-74

Kopito, R. R., and Lodish, H, F. {1985} Nature 316, 234-238

Krieg, P. A, and Melton, D. A. (1984) Nucileic Acids Res. 12, 7057-
7070

Kunkel, T. A. (1985) Proc. Natl Acad. Sci. U. 8. A, 82, 488492

Kyte, J., and Doolittle, R. F. (1982) J. Mol. Biol. 157, 105-132

Laemmli, U. K. (1970) Nature 227, 680-685

Lamb, R. A., Zebedee, 8. L., and Richardson, C. D. {1985) Celf 40,
627633

Lapps, W., Hogue, B. G., and Brian, D. A. (1987) Virology 187, 47-
57

Laude, H., Rasschaert, D., and Huet, J.-C. (1987) J. Gen. Virol 68,
16871693

Machamer, C. E., and Rose, 4. K. (1987) J. Cell Biol. 105, 1205-1214

Maniatis, T., Fritsch, E. F., and Sambrook, J. (1982) Molecular
Cioning, A Laboratory Manual, Cold Spring Harhor Laboratory,
Cold Spring Harbor, NY

Min Jou, W., Verhoeven, M., Devos, R., Saman, E., Fang, R., Huy-
lebroeck, D., Fiers, W., Threlfall, G., Barber, C., Carey, N., and
Emtage, 8. (1980} Cell 19, 683-696

Mueckler, M., and Ledish, H. F. (1886) Cell 44, 629-637

Niemann, H., and Klenk, H.-D. (1981} .J. Mol Biol. 153, 993-1010

Niemann, H., Boschek, B., Evans, D., Roasing, M., Tamura, T., and
Klenk, H.-D. (1982} EMBO J. 1, 1499-1504

Niemann, H., Heisterberg-Moutsis, G., Geyer, R., Klenk, H.-D., and
Wirth, M. (1984a) Adv. Exp. Med. Biol. 173, 201-213

Niemann, H., Geyer, R., Klenk, H.-D., Linder, D., Stirm, S., and
Wirth, M. (1984b) EMBO J. 3, 665-670

Niemann, H., Mayer, T., Wirth, M., and Tamura, T. (1987) Adv.
Exp. Med. Microbiol. 218, 8397

Olmsted, J. B. (1981) J. Biol. Chem. 258, 11955-11957

Rasschaert, D., Gelfi, J., and Laude, H. (1987} Biochimie 69, 591-

600

Repp, R., Tamura, T., Boachek, C. B., Wege, H., Schwarz, R. T, and
Niemann, H. (1985) J. Biol. Chem. 260, 15873-15879

Rottier, P. J. M., and Rose, J. K. {1987} J. Virol 61, 2042-2045

Rottier, P., Armatrong, J., and Meyer, D. 1. (1985) J. Biol Chem.
260, 46484652

Rottier, P. J. M., Welling, G. W., Welling-Wester, S., Nieaters, H. G.
M., Lenstra, J. A,, and van der Zeijst, A. M. (1986) Biochemistry
24, 1335-1339

Skinner, M. A., and Siddell, 8. G. (1983) Nucleic Acids Res. 11, 5045-
5054

Spiess, M., and Lodish, H. F. (1986) Cell 44, 177-185

Sturman, L. 8., Holmes, K. V., and Behnke, J. {1980) J. Virol 33,
449-462

Tamura, T., Bauer, H., Birr, C., and Pipkorn, R. {1983) Cell 34, 587-
596

Tooze, J., Tooze, 8., and Warren, G. (1984) Eur. J. Cell Biol. 33,
281-293

Tooze, J., Tooze, 8. A., and Fuller, 8. D. (1987 JJ. Cell Biol. 105,
1215-1226

Wege, H., Dirries, R., and Wege, H. (1984) J. Ger. Virol. 65, 1931-
1942

Wickner, W. T., and Lodish, H. F (1985) Science 230, 400-407

Zerial, M., Melancon, P., Schneider, C., and Garoif, H. (1986) EMBO
J. B, 1543-1560

Zerial, M., Huylebroeck, D., and Garoff, H. (1987} Cell 48, 147-155



Golgi-specific Transport of the E1-glycoprotein

Supplemene £l

14963

Hembrane Integration and Intracellulst Trenspert of the Coronmvirus

Glyecoprotein El.
Experimantal Procedures

Lells and ¥irus - Tha ASD strain ot mouss hepatitis virus was grown in
saci-|-calls. 4 nonproducer MolomeY sukcoma line. Por micreoinjeceion of mRHA.
meuse L Lk -qells. Helas ar OV-1 prama calls ware used, AtTI0-cells. descun-
dents of & mouse LAF] pituitary tumor. were kindly provided by J. Toozs. (EMAL,
Herdelbwrgh. k1l cells with he awception of ALTIO cella wers growm in DMEM in
the preswnce of 10 % tatal ralt sarum. For ALTIO-cells che madium wer  supple-
manted with 10 % horse secum,

Blaggids - The construction of El-specifis ¢DHA in pUR3I%0 wnd sequencing of
Ehe El-gens of HAY A%% has bwen described pravicusly (Hiemann ez al., 1584a;
Armetrong et al.. 1984}. Flagmid pE238, harbering the gene for the nuclasccapad
procesn of the JHH strain of MHY, was: conmtructs by Ekinner and  Saddall
(19533, The eXpression vector pEVASTO which contwined the hesagglurinin geana of
the  intluenza A vired (#Crach ¥Victorim 3/T4;  HINI} was used as & sourca of &
pely i) block. [t was kindly provided by Dr. J.  artin iUnaiveraity of Wadrid.
Spain). The constouwsCion oFf Ehe £DNA <lons and has basn described by Min Jou st
al, [19801. The vector pSF6%S was purchased from Progesa {Heidelberg).

chenicals and Zadicchamicals — Rescriction endonucl » Fokl and
M1l were Feom Hew England Biclabe {Schwalbach/Te., FRG). All other raeciierien
anzymes, DHi-polynerase {Elanew tragnent). SPE~RHA-polynerase. TA-DHA-ligase.
and '-mOpppt. oligoidTi-celluloms were trem Soehripger (Hannheim, FRO . Whest
garm 4xtract. reticuloacyre lymats nd nuclease—[rwse Dovine 2erum albumine were
from Bethesds Research Laboraceriss. Honlabelled puclectides wars obtwined Irom
PL-Pharmacia (Frejbury, FRG1. [y-#7B]-ATF (3 400 i umel]l, and (315]-nethionine
L8349 Ci/mmall wers fron amersham-Buchler (Braunschwei, FRE1.

Constryctiop of El EMSALL d@enes. — Standard cleming technigues wers Applied

according to Maniatis et al.. (1981). The dur'. ung- E. ooli strain RE1O032
tXunkel 1945} #as  used b5 produce single stpanded Hl3-tenplates contaiping
uridine residues. The table lists the oligonuclsstides whizh were used co
creute specific nputations of the El-gene.
For  the conatructison of pSPESELAM/2) racombinant BiMiImplo-DHA was  digested
“ith  5Seal  and Af1II. partially filled in with Klenow polyeerase and dTTP.
teeared  with mung besn tucleste and religated. PHPESELSL/2E was  obtuined by
teaaring Scal-digested EIM1ImplS-DNA with Ball}l and subswquent ligation of the
Truncatad El-segquences inta EIMIIAG1% that was cledved wich $eal and  HindIIX.
Clona psPRSELlA65 B0 wee obfained by 1nsertion of the 750 bp SapI-RindITI-frag-
ment frem pSPESEL{TLLEL) inre DIPESEL previcously cleaved wich Ball snd HindITI.
To delets coding ssquences corceaponding ta the firsc and sacond membrane spah-
ming demain, pPEPESELII1edlt was linearited with S2pl and partimlly digested
with Scal-  The 1799 bp Iragment was isolated and religated to  yield
pSPGATI 44780, The delacinn mukant DIPSSELA45/132, lacking the JUATLCNE SOTL
pending to the second and third hydrophobic domain, waa preduced by cleaving
pEPASELITRE4S) wieh KpnI, deletion of the J44 bp fragment and raligetion. For
the construstion of pSEESELA2X/133.  #ncoding an El-protein lucking all  the
internal hydrophobic domaipa, pEPESELILysl2él wi treated with AF1II, the 3766
bp-Eeagment was olatwd apd religated. FPSPESE141%47194 wae constructed 1n the
Eollawing manner: pEPESElodS5/131 vwas cle d with Ball and Accel, Ehe S =protru—
ding ends wers filled wibth Rlenow polymar. and the wector-fragment was reli-
gated to yield pAPESELodS/133;4154/1%4. A M7 bp Cregwent caprcying the desired
deletion was isclated after digeéstion wich Fpnl and HindITI and was used Eo
replace  the correaponding frageent 3o the wild typs El-gens. Nutants
pEPESEIAENAMS/132  and pSPE5ELAsnall 13} wars obtained by inserting the Af111-
HinaIII-fragmenta from pSPESBLA45/533 wnd pSPESELA2Y/123. respectively, inte
PSPESELARN  digeated with Af1II and HindIIT. Fig. F A shows the propectles of
the pSPESEL tranecripeien vectors.

Dmsigancian Hutatien
of mutant

Sequence of aynthetic
oligenutlectide®

Elhan Ser(ld] to kEn(dt 5 -TATGAGTANTACTACTC~2"

Elad/%0 deletion of Theid) & - AATATIROTAGTATGTITATTTAT-3"
k3 MeriSot

ELl(Thrd%! TTE{45F to TheidSh B e TACAGTTCG G TACCACGAGCCETRE 3°

LkpmT

ElfLweusl) FhedS1) ro Laul%1) 8 -GCCGTAGCATECTIATTATITATGE TGS -0 '

15phl)

BliTlesl At 81) ro Dlel(ill & -TGCOCTAANTATTE TS TATCTTEG- 3

tispll

Elizerlllt HFly (1131 ra Swr (1123} & =GTTTATCAGUACTACTAGCTOGTRG =2 "

15pel]

E1TLy313E} Mercili6) e Lysilidsh —CARACRACCTTAAG TG TATAGAT -0

11110

+ Mawly intradyced resericeion sices are dencted belod the dasignation,
b Mutated fucleortidea are underiined.

Fig. %. Propertiem of the Ip vitro tramacription véctors used in this akudy.

Az PREGAEL  carrying 4 poly(di/dT) segment {dotted areal to allow fer the [ o
theais of polyadenylated mRMA. Natupslly occouring ramtriction Eites are indi-
catad. The #YMbols TepTesent Teatriction nitt- introduced by site dicectsd
Putagundsis Ak dewcribed above (@Epal; T Sphl: W Bapl: < Spel: 4 AL1ITH.
B:  pSPESEL-M  containing the structural genes {or the El-protsin af HHY A5%
iNismarn a4t al., 19%7) and the H-gens of coronavirus JHW (Bkinner and Siddell,
15030, 4 El-gene &T111 carries the TAk-codon for terminwtion <¢f translacien.
Sives used for the in-frame fusicns bertwaen EI and H are indicatad.

-+

a 2lags 111 dembrane Olycoprotein.
T. Hayer. T. Tamura,

¥W. Falk. and H. WHiemann

fanmtiuction of fusicn de0ss, - The conatruceisn of REFEATL-N iFig. 9
harboring Gtha Il—wunc apstream [Tom the tucleoprotein gens 4o the autbsatic
anguential arrangament as prewant in mERA number § from KHV A5Y infecvad cells
hes Bean CapoprTad praviously (Niemann a¢ al., 31947). This construgt containad
the tersinaction codon for tranmlation of the El-protain and 17 nucleotides of
the intergetiic nondoding region updtisaan from the ATG Eranslatisn stact  cadon
of  the fuclecproTein Qehe of MHY JEM. Tour different comstructs weie ade in
which El-wpecifls sagquances of yarious lengths were fumad 1m frame to the EcoRV
wite of H-g#ne A¢ indicaked in Pig. 1€, In these conmtructs the nuskéera  in
brackets refer b Ehe nuebers of anino acids which comstitute Che Border bak-
ween the El- and N-apecific sequence.

Preparatisn ¢l cover alipe [o0 RICroADisction; - Glass-cover alips (1% =m in
diametart war4 detfuitened in acetons for 1 b, drisd wich Kim wipes and  tr#ated
overnight with 0.3 & (w/w] HaaCOs . Aftear 5 washesa with distilled water cover-
alips ware toansterred onto Pilesy papsr and wars aar dried. To a suspenkion of
the white of an #gg in 500 ml 20 mM HaDH, 4 »l pelyvinylpyrrelidons-sslukion {75
% wivel in Gistilled waber) was addsd and thim mixture was sCirred st room
tempearnture for T h. The BiXburs was then cleared by filtration. The cover alips
wer4 placed  inks the Pilerate and incubsted for T h 4t 65% €. Afrer & quigk
cinae with distilled water the cover slips wecs fiwsed 4t room camparaturs for 20
aih  in ebhansl/glacial acetic acid [3:1) and sir-dried. The cover alipa werse
then incubated in 0.1 M trischanclamine/HCl [pH &.0) containing Q.25 ¥ lvalsvol)
acetic  anhydride. Subdequently they wers hed with sthancl-water w»ixtures
ranging Lrom &0 % (vel/voll athanol to 100 % sthanol. Cover slips ware drisd and
sterilized By ovarnight exposure te U¥-light. Several 100 mash coppar wlphaber
finder grids used in slectron mloroecupy wetw placed snte the comted cover alips
in 3 vecuum chamber. # gold layér of about 500 nE khicknenn wer svaporated cntc
the aurface Tesulting in w wiwible shadéw iwage of ehe grid bure.

Miscednjastion af MHlum.uml sRH) - For micreinjection of
<appad  and polyedenylak mANA cells ware grown ovar night oh pretreaced glass
cover alipA. Priar to microinsection the medium was replaced by OMEH conraining
10 % fwtal calf wwrum and 20 oM HEPES, pH 7.1}, Hicroinjections wers parformed
sIpwntially a9 described by Anaosrge (1983 controlling the injecticn prassure
br an Eppendorf microiniector 5341, In general an AMA concencearion of 1 pgrful
was upad.

ADtiasra - The producticn of & pelyclonal anti-HHY ASS-antis4rum 1n  cabbics
has bwen deacribed previcusly [N ann and Flenk, L2811. Felyslonal El-specific
antibodiea were prepared trom the crude vabbit asrum as described by Burke et
al., {1981} and Olmseadt 119411, Brielfely. vical polypaptides from I x J0'7
wary separated on wm 5 to 15 % SDE-polyscrylanide gel.
Afrer tranafer of tha proteins onte nitrocwlluloss the pasirtion of the El-
protein was deverminsd by staining with Ponceal S (Sygma. G2 & Llwsv) in 3 &
(wiv] asguecus trichlorcecetic acidl. The El-containing stripe 19.5% x 7 cob uas
sxcised and washed Ffor 50 win with washing buffer (phomphate buffersd aline

coentaining 10 N horew secuk and 0.2 & [W/v) Triton XLO0), The scripe  waa
incubated over night undsr egivarioen at 4 *C with 3 ml of crude Tabbit ancy HHY
A9 antiserum (diluted 1:50 in washing buffer). AEter } wazheg (15 min  each)

with washing bDuffar and & quick rinse with phosphate buffered saline alone.
bound ancibediam were sloted with 1.5 ml of 0.2 H  Trialhydroxymethyllaminome-
chan f glycine, pH 1.4, containing G.3 % (w/v) gelacine. Afrer 2 min incubstion
At ook remperature the solution was neuttalized by che addicien of an  wppTo-
priate  volume of 1 M Tris-base. For indivect immunctlucrescence siudiss  khe
wluted  anribodies could be used without further concencratien. For tha pro-
duction of the peptide—spacitic H-! anviserum which recognizes the nengly-
conylated amincterminus of the El-polypeptide. 10 mg of pepeide wara coupled
eovalenely to keyhole limpet hemocyanine. Rebbite were iamunized with the
robplax in  the presence of complete Fraund’e adjuvane and  antibodies  were
pucified sssentislly az dascribed by Tamurw #t al. {1983+, Henoclanal anki-N
=4Tud Was K1ndly provided by Dr. Halmut Wage {Wirzburgh.

Indicect = Fimuslization of El- and El-H-palypeptides by
indirest iemunoflusrescence was dona sccording to the technigques described by
Repp at al., t198%] . Ehodamine copjugated wheat germ lectin was from E£.¥. Labo-
ratories Ing, {iwn Meteo., UEAN. & pelyclonal rabblt antiswerum THised againsc
tha <arboxyterminul domain of canine rivophorin I was kindly provided by Er,
David Heysr {Dapt. of Biclogicel Chemistry, UCLA, Los Angeles. USA) .

Io zitre Trapecription of recopbinant pEEGS-vertors - Aecombinant pEPES-DHA
was linssrized with HindIIl and dissolved at 0.1 pgful in 100 ul 40 mH Tris-
HCl. pA T-%, containing & wH M9C1l,;, 2 mM spermadine. 10 mM KaCl, 100 ug/ml BEA,
10 »i DTT. 0.5 jM ATP, CTF, UTP. 0.0 mM GTF. 0.5 wH "-mfpppd, and 1.0 Ufwl
EHagin. The reaccion was started by the sddition of 30 U SPé-polymacaas. alter
1 b av d0% £, anscher 30 U of polynerass wate wdded and the reaction  was
continuwd for 30 min, The ressbicn mi¥eturs wasm axtracted wich pheanolschloratarms
and precipitated with athansl.

Pl Lranplations. - Capped and polysdenylaeted EHR synthesized in  vitro
waa translated in the presences of [T!S)methicnine (1 mCi/ml  final concantra-
ctient in reciculocyts lreste aw described praviously (Jdackson and Hune, 1983 .
Te dancnatrates membrans integretion of newly synthweiZed proceing, & Lypieal
cranslation ay 1n reticulocyte lysste contained 5 ul lysake, 0.5 pl micres
somal Mk » 1.% wl [**8)methionine. I vl El-specific mAHA (250 ng/pl
distilled water pracreated with Jethylpyrocarbonate. 1 vl Warsr, and 5 ub aale
#elution (190 mh potasdium acetate, oM magnesium mowtate). Aiter incubation
Eor 1 h at 3C 4% ul 59 mN Trie/HCl pH 7.4 containing 100 mM Katl sere added,
20 pl aliquots wete tuken and wither boiled in sample buller or KT #d  with
protainase K {100 wg/ml tinal concentration! in Che presence or absence 1 %
Iw/or  Triten X100. After trestment for 10 sin &t 25 *C  phenylmechylsulfonyl-
fluoride (40 ng/ml sthancl) waw wdded and incubaticon was coneinued fer ancther
10 min at 0 “L. To demonatratw posttranslational as¥ocisbion with membranss the
tEanAlation Was terminkted after 4% pin by the addition of cycloheximide (130
PH  final roncenteation) prisc to the addicieon of menbranes. Incubabtion was
contifuad for 30 min. The samples were analyzed according to Gllmors and Blobel
119851 . The rranalation mixtures were placed oneo a neueral (%0 pll or wikaling
1103 wli suecsde cushion in an 18% AL00 airtuge rotor (Beckman nebtrumencst.
Tha nBeutral sucross sslubion contained 560 mH sucrose. 130 aW potessiun  age-
tate, 2.5 nd nagnesium acerate, and 1 mM dithisthreitel in %0 »H Trawihydroxy-
methyllaninomethane / acerate, pH 7.5, Centrifugations were performed at J¢ pai
far 2 ain, allowing addicional 10 » for accalaration and 2 wan for breaaking-
The alkeline susTose cushion consisted of 200 mM sucToss. 130 = potmssium
acetate, 2.% mH magnesium mcetate. and 1 wH dithicthreitol in 30 oo HEFES. pH
11.0. in thia instance centritugaticn was for &4.% min st M0 pui.

Digsation with sndo-N-sgetvialucossminidans i, - Aliquets of the tranelstien
mixture 71.25 vl) were Ailuced wich 2.75 ul gal laading bBuffar {Laammlsy. 1570}
and pailsd for 1 min., Afrar addicion af 40 pl Teia HCL buffar 42%0 mM. pH 6.8
and 0.3 % SDE) tamplas wace created for 20 B with 15 plf  ando~B-N=acetylgluce-
aaminidass K [Miles, Frankfurt, FRG] ac 37+ o,



