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1. Introduction

One essentinl problem in cell biology is to find out how proteins destined for dif
ferent locations within the cell reach their destinations. The mechanism by which
secretory proteins become segregated into the Jumen of the endoplasmic reticulum
has been greatly clarified by the construction of cell-free systems capable of speci-
fically transferring secretory proteins into the lumen of rough microsomal vesicles
(Blobel & Dobberstein, 1975). Secretory proteins contain a short sequence at their
amino terminus termed the al sequence, which is thought to provide the conditions
for vectorial discharge of the nascent polypeptide chain into the cisternal space
(see Campbell & Blobel, 1977). An analogous cell-free system has recently been de-
vised for the synthesis and insertion of membrane glycoproteins. The vesioular
stomatitis virus glycoprotein was incorporated into the endoplasmic reticulum
membrane spanning the bilayer in the correet orientation (Katz et al., 1977). Moreover,
a tight coupling between polypeptide synthesis and membrane insertion and glyco-

oy

sylation was shown (Rothman & Lodish, 1977).

Semliki Forest virus {SFV) provides an interesting, model system (Simons e al.,
1978) to study how a single messenger RNA directs the synthesis of proteins destined
for different cellular locations. In eells infected with SFV, all the structural proteins
of the virus are read sequentially from a 26 S mRNA using one initiation site {Clegg
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g, 1075 Glanville of al., 19766). The proteins are made in the
¢ wmzm (C protein, M, » 30~ 107 Simons & Kiaridinen,

DM, Y2 W, Simons of ol 1073 and B (M, = 49 103, Garolf of ol
1974 '? Ma 2 protein is cleaved from the nascent chain and associntes in the eyto.
plasm ﬂs«%h the viral 42 8 BN A molecule to form nucleseapsids (Scheele & Plefferkorn,
1960 Sideriund, 1973). The major part of both membrane proteins is transforred
: v endoplasmie retieulum membrane to its cisternal side, where they
remain attached to the lipid bilayver by their hydrophobic carboxy-terminal ends
off & Soderlund, 1978 Wirth o el 1977). The p#2 protein spans  the
endoplasmic retionlum membrane and has s small segment of about M, = 3 107

ab its earboxy-terminal end located on the evtoplasmic

side of the membrane, The

pb2 and E1 proteins are transported from the endoplasmic reticulum to the ple
membrane, probably as a p2-E1 s‘mmgaim At the plasma membrane they assemble
with nucleceapsids into virns particles (Acheson & Tamm, 1967 Richardson & Vanee,
1976). Before incorporation into virus particles, the p62 ;n‘mu\m is cleaved to form E3
o= 1000 10% and E2 (M, = 52 10%) (Simons of al., 1973 Garoff o al., 1974). E3
is derived from the "mum&»{f‘fﬂmuﬁ end of p62. One e?;zmi each of 1, E2 and E3 are

associated with one another on the virus surface and form the t‘«:‘(m‘»rz‘a&! glycoprotein
projections {(Ziemiecki & Garoff, 1978).

Tostudy how the SFV membrane proteinsareinsertedinto the membrane, eleaved and
glycosylated, we have constructed a cell-free system in which the viral proteins have
been translated from the 26 8 mRNA in the presence of microsomes from dog pan-
ereas. The C protein was left outside the microsomal vesicles, while the p62 and the
1 proteins were inserted into the merbrane with the correct orientation. Membrane
ingertion, ptl-11 cleavage snd glycosylation failed to ocour if the membranes were
added later than a critical time occurring shortly after the C protein had been
sompleted and removed,

AR

Materials and Methods

(a) Prepuration of 26 8 mEN A
268 mBNA was solated from baby hamster kidoey eslls that had been infocted with
BFV (Glanville et al., 1978a). The
of 2 mgfml and stored at - 80°C,

wolated HNA was dissolved in water ab a coneentration

(b Preparation of Hele cell sxtroct

Hela cell lysate was proparved in essence as deseribed before (Maxon ef al., 1972
modifications were made to facilitate the complete transiation of the large 26 8 mRNA
of BFV. Cells of & 3 to 41 suspension culture (approx. 107 cells) wers collected by contri.
fugation and washed 3 times with phosphate-buffersd saline (Dulbeceo, 1984) and onee

with a buffer a*s‘;z‘ammira;;{ 20 - HEPES-KOH (pH 7-4), 100 mm-KCL 2 my-magnesium
agetate and 6 ms-2-mercaptoethanol. The eell pellet was resugpended in 2 volumes of a

hypotonie buffer containing Ui my-HEPES-KOH (pH 74), 15 ms-KCL 18 mm-
magnesium acetate and 0 mu-2-mercaptoethanol. After swelling for 15 rain at 0°C, the
colls » broken by 10 strokes in a Dounce homogonizor. One-tenth volume of a buffer
containing 20 mu-HEPES-KOH (pH 74) and 08 m- KOl was added and the homogenate
was centrifuged at 40,000 g for 20 min. The supsrnatant was collected and passed throug
a Bephadex (25 column fzt’wéii%wmmi with a buffer containing 20 mwm-HEPES-KOH
{pH 7-4}, 100 mu- KCL 2ms-magnesiurm acetate and 6 my-2mercaptosthanol. The fractions
emerging in the void volums contained the HeLs lysate used for dn witro translations, Tt
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Protease treatment of in vitro translation mixtures (10 pul) or rough microsomes of cells

infected with SFV (10 ul; approx. 50 wg protein) was carried out by adding 50 ug of

chymotrypsin (Worthington) or proteinase K (Merck) in 40 ul of 0-05 m-Tris (pH 7-4),
0-1 m-Na(l and incubating for 60 min {chymotrypsin) or 15 min (proteinase K) at 37°C.
After the incubation, 50 ug.of either a chymotrypsin inhibitor (tosylphenylalanine-
chloromethylketone: Sigma) or a proteinase K inhibitor {phonyimtzLhyistilfonylﬂum‘i(tla:
Sigma) was added. The proteins that had been protected by the membranes from pro-
teolysis were precipitated by the addition of trichloroncetic acid and analyzed by gel
electrophoresis as described above.

3. Results
(a) Transtation of 26 S mRN A in an Helaw cell-free system in the absence
of membranes

When 26 S mRNA was translated in the HeLa cell-free system, two proteing were
synthesized (Fig. 1(a)). One (679, of the protein made) comigrated with the ¢ protein
from cells infected with Semliki Forest virus, and the other {339%) comigrated with
the 97K protein (M, = 97 10%). The 97K protein of infected cells is known to be
unglycosylated and contain the amino acid sequences of E1 and p62 (Sefton & Burge,
1973; Lachmi ef al., 1975). To demonstrate that the “C” protein made in vitro was
identical with that made in infected cells, the proteins were cleaved at their cysteine
residues with NTCB (Jacobson ef al., 1973) and the peptides analysed by gel electro-
phoresis (Fig. 2(b) and (c)). The peptide patterns obtained showed that authentic
C protein was produced by the n vitro system. NTCB peptides of the 97K protein
(Fig. 2(a)) showed almost no resemblance to those of El1 and p62 (Fig. 2(e) and (g)).
The fact that E1 and p62 are glycosylated and proteolytically processed most likely
changes the mobility of most of their NTCB peptides com pared to those of the 97K
protein. Taking together the results described below, however, there is little doubt
about the nature of the 97K protein. The synthesis of this protein in the time-course
study (section (d), below) and the membrane addition experiment (section (e), below)
clearly suggest that the 97K protein is read from the same part of the messenger RNA
as are the E1 and the p62 proteins.

In comparison to previous in vitro systems used for the translation of 26 S mRNA
from SFV (or the closely related Sindbis virus) the present HeLa cell-free system gave
an appreciable increase in the translation efficiency, as judged by the amount of the
97K protein produced. None or only small amounts of this protein had been detected
in previous studies (Glanville ef al., 1976a,b; Simmons & Strauss, 1974 Wengler et al.,
1974; Cancedda et al., 1974 ; Clegg & Kennedy, 19754).

(b) Translation of 26 S mRN A in the presence of membranes

When 26 S mRNA is translated in the presence of dog pancreatic microsomes, two
new proteins were made in addition to the C protein (65%, of the protein made) and
the 97K protein (29%,). One (8%,) comigrated with the E1 protein and the other (25%,)
comigrated with the p62 protein from infected cells (Fig. 1(b), (d) and (e)). The P62
protein from infected cells and its corresponding ¢n witro product are seen as split
bandst. NTCB peptide analyses of the El counterpart made in vitro showed that this

t We denote the precursor for E3 and E2 as p62 following the nomenclature agreed on at the
International alphavirus symposium in Helsinki, 1975. With the high-resolution gel electro-
phoresis system used here, p62 splits into two bands. The major band has an apparent M, of
62 % 10° and the minor band has M, = 65 x 10® (see Discussion).
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fa) (b} (c} (d) (e) ’ H)/ (;)

. Fic. 2. Identification of in vitro products.
.’.roteins of én vitro translates and of microsomes from infected ¢ e isole by sodi
dodecyl sulp'lrmte/poﬁlya.crylamide gel electrophoresis, cleaved(i/i(r:z“s;\fv';z(é ls;ﬁice:fnt;ly :(0 (%mtm
gl.ecbrophoresxs‘(m. a 15."0 to 22-59%, gradient gel. The lower arrowhead in lanes (d) anﬁt(;(;) LGy
mat_es the amino-terminal peptide (M, = 55 x 10%) of El and the upper arrowhead ind' tes .
peptlde (M, = Tx 103) characteristic for the carboxy-terrninal end of the Fll px.-ot@iJn -Al'rr‘:v(‘:'aljl o la
in lanes (f) and (g) indicate a peptide (M, = 25 10°) characteristic for bhé carbo;( -.ba- i lem 1
of p62 (Garoff & Séderlund, 1978). poxy-terminal end
.the lanes show N'TCB peptides of: (a) 97K protein made in vitro; (b) C protein from microso y
of infected cells.s; (¢) C proteins made in vitro; (d) El protein made in vitro; (o) E1 )rot;\it{ I)' ltn“'s
microsomes of infected cells; (f) p62 made in vitro; (g) p62 from rni(‘:rusom(zs’of' irxfb(:tlﬂci c(;,ll‘:»‘ o
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protein represents the Kl polvpeptide (Fig. 2 (d) and (e)).
55K NTCUBR peptide of El and the 7K NTCE pep stide che
werminus  (Garoft & BRoderlund, 1978) are  prese i
of the NTCB peptides of p62 and its eorresponding in vitro produst  showed
similar patterns. Some migration differences were seen  however These might
be explained by variations in the degree of glycosylation of “zgh-‘. proteins.

The p62 protein of infected cells may undergo some varbohvdrate processing
during its labelling and isolation which does not take plsce dn witro [Tabas
el al.. 1978). Tt should be noted that probably all the large NTCB peptides of p62
seen in Figure 2 represent only partially cleaved ‘f@zf%ziwa“u vach of which contains at
Jeast one of the three or four oligosaccharide side-chains of the p62 protein (Mattila
ol al., 1976 Garoff, unpublished results). The authenticity of the in vitro made p62
protein, however, is strongly suggested by its double banded appearance on poly-
acrylamide gels (Fig. 1{e)) and its correct location in the microsomal membrane (see

et

peel

. B
-

e«

below).

The glvec saesged from their
migration in polyacrylamide gels. In cells infected with SFV, the pb2 and the El
proteins become glycosylated through the trans sfer of sugar core units of about
M, = 2107 from lipid intermediates 1o the polypeptide chaing (Befton, 1977
Krag & Robbins, 1077). Three to four such units are thought to be added to the
p62 protein and one to the EI protemn {Mattils o al., 1976). If the formation of the
li p&d sugar intermediate is inhibited in the cell by adding tunicamyecin, then eom-
pletely non-glycosylated forms of the p62 and the El prot, are made (Garoff &
Sehwarz, 1978). These forms of the membrane proteins are cas agﬁmhai e
from their glycosylated counterparts on polyacrylamide gels, The unglycosyla s pli2
protein Tuns as a split band with an apparent M, of 54 < 10% 1o 57x 107 and thet of
E1 as a band with M, = 47 10°. As only bands corresponding to the glycosylated
forms of the viral membrane proteins were seen during in vitro translation in the
presence of microsomes, we suggest that glyec tation of p62 and El does oceur in
this syste

svlation of the in vitro made membrane proteins was &

)

‘}

{e) Regregation of in vitro products

Protease treatment of the translation mixture was used to study the segregation
of the in vitro products, Previous studies have shown that prot
microsomes of cells infected with SFV results in complete degradation of the C and
the 97K proteins and in the removal of about M, == 3x10° from the carboxy-
terminal end of the p62 protein (Wirth ef al., 1977). The rest of the pb2 protein and
all of the E1 protein remain intact. Figure 1(f) shows the effect of protease treatment
on the viral proteins that have been synthesized 4n vitro in the presence of rnembranes.
The C and the 97K proteins were completely degraded, whereas the E1 protein and

the pb2 protein were protected from proteoly The mobility of the pb2 protein
showed the same small increase in mobility after protease treatment as seen for pt2
treated microsomes isolated from infected ecells (Fig. 1{e)). The

in protease

chymotrypsin-treated pt2 is seen as a broad band in Figure 1{c) y and (). When
proteinase K was used instead of chymotrypsin the broad band was split into two
bands. These results show that the p62 and El proteins made i vitro segregate into
the microsomes, and that the p62 protein (and probably also El) becomes correctly
oriented in the membrane. Some losses of p62 and E1 (about 25%,) were observed

mae treatment of
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Hawving es
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to study how these events were temporally correlated with the aynthes
proteins. In this experiment 20 5 mRNA was transiated in the presence of membranes
and two samples were taken wvery second minute after initiation of synthesis, One

Lo

sample was analyzed directly by gel electrophoresis and the other after protease
trestment. Figure 3 shows the sequential translation of the viral proteins, The
C protein appeared eight minutes after initiation of protein synthesis (not shown).
The p62 protein appeared as a split band after 24 minutes and the K1 snd the 97K
protein appeared together after 32 minutes. Thus the whole 26 8 mRNA was trans.
lated into protein of about M, = 130« 107 in 32 minutes. Assuming a constant rate
of tra : 30 10%) should be
made in 74 minutes and the pb2 (M, of the protein part 545 10% to 57 10%) in
13-3 to 14 minutes; that is, about 21 minutes after initintion. This means that the
cleavage of both the capsid and the pb2 proteins occurs very soon after completion,

The glycosylation of pb2 and E1 must also occur before or soon after chain com.
pletion, since
detected in this experiment. A more exact timing of the addition of the oligosac-
charide chains to the p62 and El proteins was attempted, Addition of Triton X-100
to a translation mixture containing membranes inhibits the glycosylation but not
polypeptide chain elongation (Rothman & Lodish, 1977). 1f glyveosylated or partially
glycosylated forms of a glycoprotein are found when Triton X.100 is added to a
translation mixture before chain completion, then glycosylation must have oconrred
on the nascent chain. This approach was
of SFY, Triton X.100 treatment inhibited the pb2-El cleavag
completion. The 97K protein which was found under these conditions showed more
slowly migrating forms in polyacrylamide gels, which might reflect nascont glyco-

slation, we can oalenlate that the capsid protein (M,

no band corresponding to unglycosylated forms of pb2 or El was

only partially suceessful, since in the case
ge if added before ph2

sylation of the “p62” part (not shown),

Analyses of the samples after chymotrypsin treatment (Fig. 3) show that the
earliest detectable p62 protein (after 24 minutes of syathesis) and El protein (after
32 minutes) are already protected. The membrane proteins must therefore be inserted
into the microsomal membranes either very soon after completion or, what seems
more likely, they are continuously transferred across the membrane during synthesis.
If the polyacrylamide gel containing the 10 to 22.minute samples aftor protease
treatment were autoradiographed for a longer time than shown in Figure 3, protected
material was seen as diffuse bands in the region between the C and the pb2 proteing
{¥Fig. 4). The bands increase in size from the 10.minute ample to the 22-minute
sample. In the 24-minute sample much less of these bands was seen and in later
samples almost none. [t is possible that this material represents nascent chains of the
pb2 protein that have been extruded across the membrane. However, this has to be
confirmed by peptide analyses.
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Fia. 4. Coupling of membrane protein synthesis with inse

o P A
The 12 to 22 minute samples of Fig. 3 are here autoradiograph
appears to be protected nascent chains of the p62 protein o

rtion,
ed for I week more to show what

(e) Critical timing for membrane addition

Me'mbranes have to be present during translation of the 26 S mRNA fi smbr
p‘tjotem insertion, cleavage, and glycosylation to occur. If méfnbr O membs
after completion of translation and the mixture further incu&,‘ced :k?(/s
made is neither inserted into the membrane nor cleaved to p62 anld ,El To determi
the latest time at which membranes can be added after pfotein 8 <nbt'} ',‘?,.( E e”]:me
§ta}‘ted for membrane insertion to occur, translation of the 26 S‘mfil}\ff A LLSI~S (Lsh 'een
ized with 7-methylguanosine-5’-phosphate. At two-minute intervals afﬁ?\:fla'bs gyl:c I ('m-
translation of 26 S mRNA had been started in the absence of micro;omer ?::L "I ( molué‘
were removed from the translation mixture. One sample was electropho;e;e((l) Sﬁl'l l}?t;}b
to monitor the rate of protein synthesis. Membranes were added to tvhe. obh; ; ”'(ll’(jﬂﬁZ
translation completed. The samples which were completed in the pmqe‘nc(:r Qfm( .
:Dratnes were analyzed by electrophoresis either as such or after prote;me tbu;f) tmorr;
This approach has been used to study the membrane requirements fm: s ,nti *m » f
ﬂfe G protein of vesicular stomatitis virus in wvitro (Rothmann & Lod}i;h 618(;570
Figure 5 shows that the C protein of SFV was completed in less than eightk;”r;)in;x’:e)

ane
are added
e 97K protein

8.

SE?

The 26 S mBNA wa:
Methods). At the start
direct electrophoretic ¢
The membrane-contai
dodecyl sulphate/poly:
C protein made at db
protected p62 protein
added at various time
by densitometric traci
fraction of the final ar
p62 made when memk

After this time-poi
strating that trans
translation mixtu
amount of p62 (and
present from the b
in a dramatic redu
somes were added
made was suscepti
the short period be
removed, and unt:
residues (calculate
conditions).

An interesting f
the translation of
reticulum membra:
a cell-free system i
cells and the micrc
reproducing the pr
oceurring during S

The sequence of
C protein is transl
is completed it is
its synthesis. In ti




a/ 22/ 2NN

Pana 11 nf 14

N

L 28

e

2.

more to show what

VA for membrane
ranes are added

the 97K protein
1. To determine
nthesis has been
TA was
Ster synchronous
mes, two samploes
ohoreged directly
he other and the
resence of mem.
teage treatment.
- for synthesis of
¢ Lodish, 1977).
n eight minutes.

synchron.

B OLYCOPROTEINSE nuT

REMLIKTI FOREST VIRU

uer O e
o, gt i M -
L “w/;&\
/ \
i
i

E‘ {368, b / L
£ /
4 i "3‘ .
/ o
. Y 'y | - ; *”'”‘W
5 10 5

Time {min)

Fio. &. The eritical time for membrave addition,

The 26 5 mRNA was » s (see Materials and
Mothods), At the start and at mtervals of 2 min thereafter, two 10- ] sprnp! taken: one for
or for further ineubsation i the presence of membranes,
yeed on sodium
1, The guantities of

ynchronously translated in the sheence of membrans

direct plostrophoretic analysis and anotl
The membrane-containing ssmples after completion of translation w
dodecyl sulphate] directly and after pro o 4T
£ protein mnisde v sbarbing synthesis | , snd the amuvunt of
g;ﬂ.at,x:w‘t,s'aci ph w‘mrmi::z 2 i present after comg fot 3 ehon mem WO
sddod ut various timoes after initistion (- @ @~} are shown, The amonnts wore el
by densitometrie traring of the corresponding fuprographs. The amount of
fration of the finsl mmount made and that of pi given as 8 frastion of the amoant proflented
P62 made when membranes were added at the start of synthess.

After this time-point little increase in the amount of O protein ocourre 1, demon-
strating that translation was synchronized. If the membranes were added o the
translation  mixture within the first eight minutes of translation,
amount of p62 (and El, not shown) made was the same as if the membranes bad been
> addition at ten minutes resulted

present from the beginning of synthesis, Membra
in & dramatic reduction in the amount of p62 {and E1) produced and, if the miero-

somes were added still later, only ¢ and 97K proteins were made. All 97K protein
made was susceptible to protease. Membrane insertion is thus pussible only dor
the short period between the time after the capsid protein has been completed and
removed, and until the amino terminus of p62 has been extended to about 100
residues {caleulated from the rate of protein synthesis observed ander these

conditions).

4. Discussion
An interesting feature of the Semliki Forest virus 26 8 mBRNA is that it directs
the translation of proteins destined for both the cytoplasm and the endoplasmic
reticulum membrane. To study how this segregation is achieved, we have constructed
a coll-free system in which the protein-synthesizing machinery originates from Hela
cells and the microsomes from dog pancreas. This heterologous system is capable of
ssing and glyeosviation

reproducing the protein segregation and the proteolytic proc
oceurring during Semliki Forest virus protein synthesis in the infected cell.

The sequence of events suggested by our results is summarized in Figare 6. The
C protein is translated first by ribosomes in the free state. As soon as the C protein
is completed it is released from the growing chain. No membranes are required for
its synthesis. In the infected cell the C protein has been shown to attach to the 60 8
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Cleavage of C~
Release into
cytoplasm Cleavage of p62
| |
lnsertiop and glyco~ l insertion and glyco~
sylation of p62 sylation of Ef
~N " N
T T
30 84 133
N
C p62 éi
! — !
Binding to
endoplasmic ]
Start of reticulum

End of

transiation transiation

Fra. 6. A schematic representation of the sequence of events during the translation of 26 S
mRNA in the presence of membranes. 30 is the molecular weight x 1073 of the C protein 254 ;4
the combmec.l molecular weight x 10~2 of the C and the p62 ;ﬁoteins, and 133 is the c,(i)m’bim-&
molecular weight x 10~ of the C, p62 and E1 proteins. The membrane insertion Vzmd crl:/oosvlari(;n
of the membrane proteins are here assumed to take place when these are still in t‘.hca x:u;ceni stéte.

ribosomal subunit before association with the viral 42 S RNA into nucleocapsids
(Séderlund & Ulmanen, 1977). The fate of the Semliki Forest virus membrane pro-
teins is decided shortly after C protein cleavage. If microsomes are added to the
growing polypeptide chain, before about 100 amino acid residues of p62 have been
made, segregation occurs and the membrane proteins become inserted in the micro-
somal membrane. Presumably a signal analogous to those found on secretory proteins
(see Campbell & Blobel, 1977) resides in the amino-terminal end of p62 which binds
the ribosomes to the microsomal membrane as previously suggested by Wirth et al.
(1977).
Both our results and the study reported by Rothman & Lodish (1977) on vesicular

stomatitis virus glycoprotein synthesis show that membrane insertion is tightly
coupled to protein translation. In the case of the glycoprotein of vesicular stomatitis
virus, the timing of membrane addition was such that two minutes after beginning of
translation, membrane insertion was no longer possible. In the SFV system the criti-
cal period of membrane addition was later, between 10 and 12 minutes after initiation
of protein synthesis at the time when the amino terminus of p62 was being made. In
both cases the requirements for establishing a functional ribosome-membrane
junction are so stringent that after about 80 to 100 amino acid residues (calculated
from the rate of protein synthesis) have been made of the region containing the
signal for membrane binding, the capacity for membrane insertion of the nascent
chain is lost. It is possible that the nascent chain undergoes a conformational change

after elongation has proceeded beyond a critical chain length which inhibits the inter-

action of the signal peptide with the membrane. Alternatively, too long a nascent

chain may obstruct functional binding by preventing direct ribosome-membrane
interactions (Unwin, 1977).

If the ribosome translating the 26 S mRNA fails to bind to the microsomes, then

membrane proteins seem to be translated as one large 97K polypeptide, which
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the microsomal vesicles (see Figs 1 and 3). This protein is also formed
., 1973).

of ribosome

remains outsids
in infected cells and has been shown to be unglycosylated (Sefton &
Whether the 97K protein is made or not must depend on the efficit
hinding, and this may vary with different host eolls {Strauss of al., 1968, One source
of variation coulid be the number of appropriate rihosome attachment sites available
in the endoplasmic reticulam of the cell. The fact that more ( protein is usually made
during infection than p62 and El proteins is at least partially explained by 97K

%

protein formation,

The cleavage between ph2 and El i coupled to mermbrane i
soon as the pB2 chain has been completed. We do not know on which side of the
microsomal membrane this cleavage takes place. Wirth ef al. (1977) have proposed that
re takes place on the cytoplasmic side of the endoplasmic

ion, and ooours as

in infected cells the clea
reticulum membrane. This cleavage would expose the amino terminus of El which
might function as a signal for new membrane attachment, Another possibility is that
the carboxy terminus of p62 not only spans the bilayer but that the chain loops back
carboxy-terminal end to the cisternal side of the

again into the membrane bringing its
endoplasmic reticulum, where the cleavage would oeeur a8 soon as the loop has been
inserted. No new signal would be required in this case, as the amino serminus of El
would already be inserted into the membrane and its extrusion eould continue as
chain elongation proceeds. This mechanism would imply that proteins which traverse
the membrane more than once (Henderson & Unwin, 1975) could be synthesized by
membrane-bound ribosomes and inserted into the membrane in the nascent state.
The heterogeneity of the pB2 protein seen by electrophoresis {Figs 1 and 5) spems
not to be due to differences in glycosylation, Also in tunicamysin-trosted cells in.
fectod with Semliki Forest virus, two bands of the precursor are seen with redueed
molecular weights (Garoff & Schwarz, 1978). The heterogeneity is most probably in
the amino terminus of the pB2 protein, since proteinase K was found to cleave the
carboxy-terminal fragment from the p62 protein inserted into the microsomal menm-
. An incomplete proteolytic removal of a

brane without affecting the heterogene
presumptive signal peptide of p62 could explain the two bands of pb2.

Whether any cellular mRNAs will use the strategy employed by the 26 S mRNA to
code for both a evtoplasmic polypeptide and & membrane polypeptide with & signal
for segregation inserted between them remains to be seen. "This strategy could be used
to synchronize the synthesis of a transmembrane protein with the synthesis of a
peripheral protein with which the transmembrane protein interacts on the cyto-
plasmic membrane face. This interaction could take place in a different cellular com-
partment, as is the case in cells infected with Semliki Forest virus where the nucleo-
capsid binds to the spike protein at the plasma membrane before budding {Garoff
& Bimons, 1974).

The sites in the microsomal membranes to which the ribosomes with the nascent
polypeptide chains bind and through which polypeptides are transferred are still
uncharacterized. 1t will be important to find out whether secretory proteins, surface
membrane glycoproteins and other organelle proteins use the same or different sites
for ribosome attachment. The many functions involved ir protein transfer imply that
a number of rough microsomal proteins may play a role in these processes.

Fannelore Heinz and Hilkka Virta for excellent technical

We thank Evelyn Kiko
iecki and Graham Warren for help with the manusoript.

assistance and Andrew Zier

Pana 12 nf




a/ 22/ 2NN

Pana 14 nf 14

600 H. GAROFYF, K. SIMONS AND B. DOBBERSTEIN
REFERENCES

Acheson, H. H. & Tamm, J. (1967). Virology, 32, 128143,

Blobel, G. & Dobberstein, B..(1975). J. Cell Riol. 67, 835851 852 -867.

Bonner, W. M. & Laskey, R. A. (1974). Eur..J. Biochem. 46, &'

Campbell, P. M. & Blobel, G. (1977). FERBS Letters. 72, 215226,

Cancedda, R., Swanson, R. & Schlesinger, M. .J. (1974). . Virol. 14, 664-671.

Clegg, C. & Kennedy, I. (1975a). Ewr. J. Biochem. 53, 175-184.

Clegg, J. C. 8. (1975). Nature (London), 254, 454-455,

Clegg, J. C. 8. & Kennedy, S. L. T. (1975b). J. Mol. Biol. 97, 401-411.

Degani, Y. & Patchornik, A. (1974). Biochemastry, 13, 1-11,

Dulbecco, R, (1954). J. Eap. Med. 99, 167,

Garoff, H. & Schwarz, R. (1978). Nature ( London ), 274, 487490

Garoff, H. & Simons, K. (1974). Proc. Nat. Adcad. Sei. U 7L 3988-3902,

Garoff, H. & Soderland, H. (1978). .J. Mol. Biol. 124, 535550,

Garoff, H., Simons, K. & Renkonen, O. (1974). Virology, 61, 493-504.

Glanville, N., Morser, J., Uomala, P. & Kairidginen, L. (1976a). Bur. J. Biochem. 64,
167-175.

Glanville, N., Ranki, M., Morser, J., Kdaridinen, L. & Smith, A. B. (19766). Proc. Nat.
Acad. Scei., U.S.A.73, 3059-3063.

Henderson, R. & Unwin, P. N. T. (1 975). Nature ( London), 257, 28-32.

Jacobson, G. R., Schaffer, M. H., Stark, G:. R. & Vanaman, T. C, (1973). J. Biol. Chem.
248, 6583-6591.

Katz, F. N., Rothman, J. E., Lingappa, V. R., Blobel, G. & Lodish, H. F. (1977). Proc.
Nat. Acad. Sci., US.A. 74, 3278-3282.

Krag, 8. & Robbins, W. (1977). J. Biol. Chem. 252, 2621-2629.

Lachmi, B., Glanville, N., Kerinen, S. & Kadriiinen, L. (1975). J. Virol. 16, 1615-1629.

Mattila, K., Luukkainen, A. & Renkonen, O. (1976). Biochim. Biophys. Acta, 419, 435444,

MeDowell, M. J., Joklik, W. K., Villa-Kormaroff, L. & Lodish, H. F. (1972). Proc.
Nat. Acad. Sei., US.A. 69, 2649-2653.

Neville, D. M., Jr (1971). J. Biol. Chem. 246, 6328-6334.

Pelham, H. R. B. & Jackson, R. J. (1976). Euwr. J. Biochem. 67, 247-256.

Richardson, C. D. & Vance,-D. E. (1976). J. Biol. Chem. 251, 5544--5550.

Rothman, E. J. & Lodish, H. F. (1977). Nature (London), 269, 775-780.

Sabatini, D. D. & Blobel, G. J. (1970). J. Cell Biol. 45, 146-157.

Scheele, C. M. & Pfefferkorn, E. R. (1969). .J. Virol. 3, 369-375.

Sefton, B. M. (1977). Cell, 10, 659-668.

Sefton, B. M. & Burge, B. W. (1973). J. Virol. 12, 1366--1374.

Simons, K. & Kidridinen, L. (1970). Biochem. Biophys. Res. Commun. 38, 981-988.

Simons, K., Kerdnen, 8. & Kdédridinen, L. (1973). FEBS Letters, 29, 87-91.

Simons, K., Garoff, H., Helenius, A. & Ziemiecki, A. (1978). In Frontiers of Physico-
chemical Biology (Pullman, B., ed.), pp. 387-407, Academic Press.

Simmons, D. T. & Strauss, J. H. (1974). J. Mol. Biol. 86, 397--409.

Soderlund, H. (1973). Intervirology, 1, 354—361.

Soderlund, H. & Ulmanen, 1. (1977) J. Virol. 24, 907-909.

Strauss, J. H., Jr, Burge, B. W. & Darnell, J. K. Jr (1969). Virology, 37, 367-376.

Tabas, I., Schlesinger, S. & Kornfeldt, S. (1978). J. Biol. Chem. 253, 716-722.

Unwin, P. N. T. (1977). Nature ( London ), 269, 118-122.

Weber, L. A., Hickey, E. D., Nuss, D. L. & Baglioni, C. (1977). Proc. Nat. Acad. Seci.,
U.S.A. 74, 3254-3258.

Wengler, G., Beato, M. & Hackemack, B.-A. (1974). Virology, 61, 120-128.

Wirth, D. F., Katz, F., Small, B. & Lodish, H. F. (1977). Cell, 10, 253-263.

Ziemiecki, A. & Garoff, H. (1978). J. Mol. Biol. 122, 259-270.

J. Mol. Biol. (1978)

Determina
Sequence

(Receivn

The relaxation.
Hpall L, which
that the relaxat
at a distance of
stream in the di
tion made by It
not play a dire
nucleotides surr
tains a translati
symmetric elem
jugal transfer o
site, unlike the
The site of the .

The chromosome of
(approx. 6300 bas
mately 20 coples
starting from a un
EcoRl{ cut (Inselk
Under condition
can be isolated as
(Clewell & Helinsk
such as sodium dc
duction of a breal
1974a) with the cc
5'-phosphoryl end
Sugino et al. (1975
+ Present address
Birmingham, Ala 35
1 Abbreviations v
containing the RI p
from H. hemolyticu:

from Arthrobacter !
Tacl, from Thermoy

0022-2836/78/28060




