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ABSTRACT Pur i f i ed S i gnal Recogn i t i on Protei n (SRP) has prev i ous l y been shown to be requ i red for
the trans l ocat i on of secretory protei ns across the mi crosomal membrane (Wal ter and Bl obel , 1980 .
Proc . Nat / . Acad. Sci . U . S . A . 77 : 7 , 112 - 7 , 116) and to funct i on i n the ear l y events of th i s process (Wal ter
and Bl obel , 1981 . J . Cel l Bi o l . 91 : 557 - 561) . We demonstrate here that the S subun i t of acety l cho l i ne
receptor (AChR - S) , a transmembrane g l ycoprotei n , l i kewi se requ i res SRP for i ts asymmetr i c i ntegrat i on
i nto mi crosomal membranes . We further demonstrate by part i al sequence anal ys i s that AChR - 8 i s
synthes i zed wi th a trans i ent NH 2 - termi nal s i gnal sequence of 21 res i dues that i s cl eaved of f dur i ng
i ntegrat i on i nto mi crosomal membranes . Integrat i on of AChR - S i nto the mi crosomal membrane

ves i cl es proceeded asymmetr i cal l y , y i el d i ng a l arge (44 kdal ton) core- g l ycosy l ated domai n , i naccess i -
b l e to external l y added proteo l yt i c enzymes and a smal l er ( - 16 kdal ton) domai n exposed on the
outs i de of the ves i cl es and access i b l e to external l y added proteo l yt i c enzymes . The NH 2 termi nus of
the mo l ecu l e i s contai ned i n the 44 - kdal ton domai n .

For numerous i ntegral membrane protei ns , i t appears that the
endop l asmi c ret i cu l um (ER) i s the excl us i ve s i te of asymmetr i c
membrane i ntegrat i on and hence the excl us i ve port of entry
i nto the membranes of al l ER - der i ved organel l es . The ER ' s
capaci ty for asymmetr i c i ntegrat i on of protei ns has l ong been
assumed to be rel ated to i ts ab i l i ty to trans l ocate secretory
protei ns (1 , 2) . Exper i mental ev i dence i n support of th i s con -
j ecture was the observed compet i t i on (3) between nascent
chai ns of a secretory protei n (bov i ne prepro l act i n) and of a
v i ral transmembrane protei n (g l ycoprotei n G of ves i cu l ar sto -
mat i t i s v i rus) for a common trans l ocat i on "s i te" i n the mi cro -
somal membranes (dog pancreas) that were present i n a cel l -
f ree trans l at i on system .

Recent l y , we have accomp l i shed a part i al character i zat i on
of the ER ' s trans l ocat i on act i v i ty . From a 0 . 5 M sal t extract of
mi crosomal membranes we have pur i f i ed a protei n (4) termed
S i gnal Recogn i t i on Protei n (SRP) that i s requ i red to restore
trans l ocat i on competence to the sal t - extracted mi crosomal
membrane (5 , 6) . SRP appears to funct i on i n med i at i ng the
engagement of po l ysomes synthes i z i ng secretory protei ns wi th
the mi crosomal membrane (6) . Most i nterest i ng l y , i n the ab -
sence of mi crosomal membranes SRP was shown to sel ect i vel y
i nh i b i t trans l at i on of mRNA ' s for secretory protei ns (5) by a
s i gnal sequence- i nduced , s i te- speci f i c arrest of chai n el ongat i on
(7) . Th i s el ongat i on arrest was revers i b l e and was rel eased
when sal t - extracted mi crosomal ves i cl es were added to the cel l -
f ree trans l at i on system (7) .
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To i nvest i gate whether i n fact trans l ocat i on of secretory
protei ns and i ntegrat i on of transmembrane protei ns share i den -
t i cal i n i t i al steps we used the recent l y accomp l i shed (8) i n v i tro
i ntegrat i on i nto dog pancreas mi crosomal membranes of the S
subun i t of the acety l cho l i ne receptor (AChR - S) of Torpedo
cal i forn i ca as a model system .

As i n the case of secretory protei ns (5 , 9) we found that
AChR - S synthes i s i n a cel l - f ree wheat germ system was i n -
h i b i ted by SRP, that add i t i on of mi crosomal membranes (sal t -
extracted) rel eased th i s i nh i b i t i on , and that SRP was requ i red
to accomp l i sh i ntegrat i on of AChR - S i nto such mi crosomal
membranes . We have al so demonstrated that AChR - S i s syn -
thes i zed wi th an NH 2 - termi nal s i gnal sequence that was cor -
rect l y cl eaved upon asymmetr i c i ntegrat i on of AChR - 8 i nto
the hetero l ogous mi crosomal membranes . The NH 2 termi nus
of the i ntegrated form of AChR - S was res i stant to cl eavage by
external l y added proteases , al though th i s proteo l ys i s removed
al most 16 kdal tons f rom the mo l ecu l e .

MATERIALS AND METHODS

Mater i al s

[35 S]Met (sp act 1 , 000 Ci / mmo l ) and Li qu i f l uor sci nt i l l ator were obtai ned
f rom New Eng l and Nucl ear , Boston , MA. [3 H]Leu (140 Ci / mmo l ) was purchased
f rom Amersham Corp . , Ar l i ngton Hei ghts , IL . Protei n A- Sepharose CL- 4B was
f rom Pharmaci a, Uppsal a, Sweden , Trasy l o l f rom Mobay Chemi cal Corp . , New
York, NY, tryps i n f rom Worth i ngton Bi ochemi cal Corp. , Freeho l d , NJ, and
chymotryps i n A4 f rom Boehr i nger Mannhei m Bi ochemi cal s , Ind i anapo l i s , IN .

501

 on M
arch 17, 2006 

www.jcb.org
Downloaded from

 

http://www.jcb.org


Endo-beta-N-acetylglucosaminidase H (Endo H, EC 3 .2.1 .96) was the generous
git l of Dr. Phi l l ips Robbins, Massachusetts Institute of Technology, Cambridge,
MA.

In Vitro Synthesis of AChR-8 Subunit
The preparation of Torpedo cal i fornica RNA, its translation in a micrococcal

nuclease-digested wheat germ cel l - free protein synthesizing system, and subse-
quent immunoprecipitation of the 6 subunit of AChR were as previously de-
scribed (8) , except that in some cases [3H]Leu was used rather than ["S]Met as a
source of label. Translation reaction mixtures were denatured by heating at
100°C for 3-5 min in the presence of 1% SDS, before addit ion of Triton X-100

and, subsequently, of antibody . Dog pancreas rough microsomal membranes
(RM) , salt -washed RM (K-RM) and puri f ied SRP were prepared as described
(4). Condit ions for posttranslational proteolysis are described in the f igure
legends .

Endoglycosidase H Digestion
After thorough washing of Protein A-Sepharose beads containing immuno-

precipitated translation products, the beads (typical ly 20 A1) were eluted with 1
vol of 1 mM Tris-HCI , pH 7 .4, 50 mM DTT and 1% SDS at 100°C for 3 min .
This elution yielded 50-60% of the total bound material ; for purposes of sequenc-
ing, three addit ional elutions were performed to recover the remainder . Eluates

were subsequently di luted with an equal volume of 0 .3 M Na Citrate, pH 5.5,
containing 100 U /ml Trasylol and 0 .1 mM phenylmethylsul fonyl f luoride
(PMSF) as protease inhibitors . 0 .05 vol of an endoglycosidase H solution was
added so that the f inal enzyme concentration was 0 .033 U /ml , and the samples
were incubated at 37 °C for 16 h (Pre-AChR-6 which is nonglycosylated suffered
no degradation under these condit ions . ) The f inal solubi l ization for electropho-
resis was performed by adding 0.2 vol of a solution containing 1 .0 M sucrose, 1 .0
M Tris-HCI , pH 8.8, 10 mM EDTA, 15% SDS, 0 .05% Bromophenol Blue, and
100 mM DTT fol lowed by heating for 3 min at 100°C . Alkylation was performed
by adding 0 .1 vol of a solution containing 1 .0 M iodoacetamide and incubating

at 37°C for 45 min.

Preparation of Samples for Radiosequencing

After electrophoresis of immunoprecipitated translation products on 7 .5-15%
Linear gradient SDS polyacrylamide gels, radioactive polypeptides were identi f ied
by autoradiography . In cases where [ 3H]Leu was the source of label , a paral lel
sample labeled with [ 'S]Met was run as a marker . Elution of proteins from the

unf ixed, dried gels was performed by shaking into 10 mM NH,HCO3, pH 8.8, 1
mM EDTA, 0.1% SDS for 16 h at room temperature . 1 mg of ovalbumin and 2
mg of sperm whale apomyoglobin were added as carriers . Two sequential elutions
were performed and the eluates pooled . Subsequent steps in the sample prepa-
ration were as described (3).

RESULTS

Cotranslational Integration of AChR-S into
Microsomal Membranes Requires SRP

As previously demonstrated (8) , translation of total Torpedo
electroplax RNA in a cel l - free wheat germ system fol lowed by
immunoprecipitation with monospeci f ic antibodies against
AChR-8 yielded, upon analysis of the immunoprecipitate by
SDS PAGE and autoradiography, a single 59-kdalton band
(Fig. 1, lane 2) . Supplementation of the cel l - free wheat germ
system with dog pancreas rough microsomal membranes (RM)
yielded three addit ional slower moving bands (Fig . 2, lane 3) ,
the major and slowest moving one having an apparent Mr of
64,000 . Using Con A aff inity chromatography we have previ -
ously shown that this major addit ional band represents a core-
glycosylated form of AChR-8 (8) . Since incubation with endo
H resulted in conversion of al l the mult iple bands into a single
band (Fig . 1, lane 4) it is clear that they represent ful ly (64
kdalton) and partial ly glycosylated forms of AChR-6 . From
the staggered mobi l ity di fferences we estimate that the major
64-kdalton form contains three core sugars and the two minor
bands contain two and one core sugar(s) , respectively . (The
number of high mannose- and complex-ol igosaccharide units
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Glycosylation variants of the S subunit of AChR of Tor-
pedo cal i fornica which were asymmetrical ly integrated in vitro into
dog pancreas microsomal membranes . Torpedo cal i fornica total
cel lular RNA was translated in a wheat germ cel l - free system (501[1) ,
AChR-6 was puri f ied by immunoprecipitation and displayed by SDS
PAGE and subsequent autoradiography (8) . Endo H+ indicates that
immunoprecipitates were digested with Endo H before electropho-
resis, as described in Materials and Methods . Endo H- indicates
that samples were incubated in paral lel without enzyme . TIC indi -
cates posttranslational incubation with 3001tg /ml each trypsin and
chymotrypsin, for 1 h at 25°C, before SDS solubi l ization and im-
munoprecipitation . Proteolysis was terminated by addit ion of 1,000
U /ml Trasylol . RM indicates that dog pancreas rough microsomes
were included in the translation at 2 A2eo U /ml (4) f inal concentra-
tion . The minor, high molecular weight band in lane 5 is a proteolytic
intermediate which has an Endo H-sensit ive counterpart in lane 6 .
Lane 1, ' °C- labeled molecular weight markers . Note that the smal lest
protease-resistant fragment of AChR-6 in lane 5 comigrates with the
deglycosylated material in lane 6 and is therefore probably derived
from a nonglycosylated, membrane- integrated form of AChR-6 .

in mature AChR-8 has not yet been determined. ) The fastest
moving species contains no sugar but is integrated into the
membrane . A corresponding heterogeneity in the glycosylation
of AChR-8 was ref lected in the products that were generated
after posttranslational incubation of microsomal vesicles with
proteolytic enzymes . We detected several membrane-protected
fragments (Fig. 1, lane 5) which were converted to a single
band upon subsequent incubation with endo H (Fig. 1, lane 6) .
Thus, it is l ikely that the major 44-kdalton fragment ( lane 5)
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FIGURE 2 Asymmetric integration of the S subunit of AChR of
Torpedo cal i fornica into dog pancreas microsomal membranes is

dependent on SRP . Translation and subsequent analyses were as in
Fig . 1 . SRP+ and K-RM+ indicate that Signal Recognit ion Protein
(220 U /ml ) and /or 0 .5 M KOAc-extracted RM (equivalent (4) of 2

A280 U /ml ) were present during the translation incubation, respec-
t ively . T /C+ indicates that posttranslational proteolysis, with 300
Wg /ml each trypsin and chymotrypsin, was carried out, for 45 min at
26°C in the presence of 5 mM CaC1 2 . Digestions were terminated
by the addit ion of 1,000 U /ml Trasylol , 0 .4 mM PMSF, and 10 mM
EDTA . The arrows in lanes 4 and 5 indicate the ful ly glycosylated
form of AChR-8 and its major, membrane-protected glycosylated
fragment, respectively . The partial ly glycosylated membrane-pro-
tected fragments of AChR-8 (see also Fig . 1, lane 5) are present in
this experiment but require longer autoradiographic exposures to
be visual ized .

was derived from the ful ly glycosylated 64-kdalton band ( lane
3) and, correspondingly, that each of the other three mem-
brane-protected fragments ( lane S) were derived from both
partial ly glycosylated and nonglycosylated (but membrane-
integrated) counterparts ( lane 3) .

It was demonstrated in earl ier studies (4) that extraction of
rough microsomes (RM) with 0 .5 M KOAc yielded vesicles (K-
RM) that were incapable of translocating nascent secretory
proteins . Puri f ied SRP restored the translocation competence
of K-RM . A simi lar extraction and reconstitution effect was
observed for the integration of AChR-S . Thus, K-RM were
unable to produce either core glycosylation (absence of glyco-
sylated forms in Fig . 2, lane 3) or membrane integration
(absence of protected fragment fol lowing posttranslational pro-
teolysis in lane 6) of AChR-6 . Addit ion of SRP together with
K-RM yielded the fami l iar (compare with lane 3 of Fig . 1)
ful ly and partial ly glycosylated or nonglycosylated forms of
AChR-8 (Fig . 2 lane 4) that were correctly integrated into
microsomal membranes when probed by posttranslational pro-
teolysis ( lane 5) . (Al l the partial ly glycosylated tryptic frag-
ments were also obtained, but these were prominent only after
longer autoradiographic exposures . ) Recently, it has been
shown (7) that SRP, when present in the cel l - free wheat germ
system (not supplemented with microsomal membranes) , selec-
t ively inhibited translation of mRNAs for secretory proteins
but not of those for cytosol ic proteins (5, 9) . As shown in Fig .
2, lane 2, the synthesis of AChR-S was l ikewise strongly

inhibited by SRP (compare to the amount of AChR-8 synthe-
sized in the absence of SRP in lane 1) . Moreover, as was the
case for cel l - free synthesis of secretory proteins (7) , the inhibi -
tory effect of SRP on AChR-6 synthesis was abol ished when
K-RM were present in the cel l - free system ( lane 4) .

Partial NI -1 2 -Terminal Sequence Analysis of
Various In Vitro Synthesized Forms of AChR-8

The objectives of our partial NH 2 -terminal sequence analysis
of various in vitro synthesized forms of AChR-6 were to
investigate (a) whether AChR-8 was synthesized with a tran-
sient NH 2 -terminal signal sequence, (b) whether integration
into the membrane was accompanied by cleavage of such a
transient signal sequence, and (c) whether the membrane pro-
tected- fragment was generated by cleavage from the NH2 or
COOH terminus.

To meet the f irst objective, AChR-8 was synthesized (without
added microsomal membranes [see Fig . 1, lane 11) in the
presence of [3H]Leu and [aaS]Met and subjected to 20 cycles of
automated Edman degradation (Fig . 3 a) . Another separately
synthesized sample was labeled only with [3H]Leu and sub-
jected to 45 cycles of automated Edman degradation (Fig . 3 b) .
There was Met at posit ion 1 . However, in both runs we
observed a one-residue broadening of the Leu peaks compati -
ble with a frame shi ft . Therefore, our interpretation of these
data (Fig . 3 c) is that we were sequencing two species of "pre-
AChR-S" present in approximately equal amounts, one having
lost its NH2 -terminal Met (pre-AChR-S ' ) and the other one
having retained it (pre-AChR-S) . On the basis of this interpre-
tation (Fig . 3c) we assigned Leu to posit ions 9, 10, 14, 28, 32,
and 33 . Al ignment of this sequence with the known sequence
of authentic AChR-8 (10) (Fig . 5) indicates that Leu 28, 32,
and 33 of pre-AChR-S corresponds to Leu 7, 11, and 12 of
authentic AChR-6 and therefore suggests that pre-AChR-S
contains a 21-residue- long signal sequence .

To meet our second and third objectives we synthesized
AChR-8 with added microsomal membranes (RM) in the
presence of [3 H]Leu . Hal f of the material was subjected to
posttranslational proteolysis and, subsequent to immunopre-
cipitation, to Endo H incubation to yield a membrane-pro-
tected deglycosylated fragment of AChR-8 (Fig . l , lane 6) ; the
results of automated Edman degradation (21 cycles) of this
fragment are shown in Fig . 4b . The other hal f was subjected to
Endo H treatment alone to yield deglycosylated but otherwise
intact AChR-8 (Fig . 1, lane 4) ; the results of automated Edman
degradation (20 cycles) of this polypeptide are shown in Fig .
4 a . In both cases, Leu was found in posit ions 7, 11, and 12, in
perfect al ignment with the NH2 -terminal sequence of authentic
AChR-8 (Fig . 5) . These partial sequence data then suggest that
integration of AChR-8 into dog pancreas microsomal mem-
branes was accompanied by cleavage of an NH 2 -terminal signal
sequence at the correct site to yield mature AChR-8 and,
moreover, that the membrane-protected fragment of AChR-8
is generated by cleavage exclusively at the COOH-terminal
end, whereas an NH 2 -terminal core-glycosylated portion is
protected presumably as a result of its translocation into the
vesicle lumen .

DISCUSSION

SRP was original ly puri f ied (4) based on its requirement for in
vitro translocation of a secretory protein (bovine prolactin)
across the microsomal membrane . Here, we have demonstrated
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Partial NH 2 -terminal sequence analysis of pre-AChR-6 .

0 .3-ml translation reactions containing (a) [3H]Leu (350 yCi ) and
[ 35 S]Met (350fuCi ) were carried out (8) except that citrate synthetase

(50 U /ml ) and oxaloacetate (0 .25 mM) were included to prevent

NH 2 -terminal acetylation (11) . Sample preparation was as described

in Materials and Methods . The sample in (a) was run on a Beckman

890C sequencer running on a DMAA program, whereas that in (b)

was run on a di fferent Beckman 890C sequencer running on a
Quadrol program (Beckman Instruments, Inc . , Ful lerton, CA) . Both
runs yielded a broadening in the f irst peak that is characteristic of

a frame-shi ft. Since the shi ft was obtained on two di fferent ma-

chines, it must be due to an inherent characteristic of the sample
and not to poor cleavage . The most l ikely explanation is that the

sequence represents a l inear combination of peaks from two pop-

ulations of pre-AChR-8 molecules . One of these (pre-8 ' ) has had its
init iator Met cleaved and is therefore one residue shorter than the

intact pre-AChR-8 (see [c]) . Cel l - free systems are known to contain
enzymes that remove the init iator Met (12) . Furthermore, the frame-
shi ft is not seen in sequences of AChR-8 (see Fig . 4a, b) where the
signal sequence (and therefore the init iator Met) has been removed

from al l the molecules . Sequence assignments are indicated by

arrows, and the leading part of the peaks (due to contribution of

counts from pre-AChR-6 ' ) is ignored . Input radioactivity was : (a)

[ 35S] Met, 25,000 cpm ; [3H]Leu, 50,000 cpm ; (b) [ 3 H] Leu, 75,000 cpm .

(c) : Diagram i l lustrating how the observed sequence [Pre(6 + 8 ' ) ]

may be accounted for by the l inear combination of sequences from

two populations of pre-AChR-8 molecules, one of which ( pre-S ' )

lacks its NH2-terminal Met. Each arrow represents the contribution
to the total counts in a peak of radioactivity from one [ 3 H]Leu

residue .
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FIGURE 4 Partial NH 2-terminal sequence analysis of membrane-

integrated (processed) AChR-8 (a) and of its proteolysis-resistant,
membrane-protected fragment (b) . 0.6-ml translation reaction mix-
tures containing 700fuCi of [ 3 H]Leu, 2 A280 U /ml of RM and ca . 100

U (5) of SRP were performed as in Fig . 2 . In the case of (a) ,
microsomal membranes were reisolated fol lowing translation, by
centri fugation through a cushion of 0.5 M sucrose . This step was
performed to el iminateresidual , nonintegrated pre-AChR-6 mole-
cules that were not resolved from deglycosylated, integrated AChR-
8 by this gel system . (Proteolytícal ly processed, deglycosylated
AChR-6 is smal ler by only 2,000 daltons than pre-AChR-8 ; this
di fference is not distinguishable for proteins in the Mr 60,000 range
on a 7 .5-15% gel .) Posttranslational incubations for (a) and (b) were
as described in Fig . 1, lanes 4 and 6, respectively . Sample preparation
for sequencing was as described in Materials and Methods . Input
radioactivity was (a) 8,400 cpm and (b) 14,700 cpm of [3H]Leu . The
smal l peak in posit ion 9 of (a) did not fal l on the repetitive yield
curve .
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Summary of partial sequence data of AChR-8 . (A) Pre-
AChR-8 (see Fig . 3) ; (8) "processed" AChR-8 (see Fig. 4 a) ; (C)
protected AChR-8 fragment (see Fig . 4 b) ; and (D) complete NH 2 -

terminal sequence for authentic AChR-8 (10) . Underl ined residues

indicate basis for al ignment of pre-AChR-6 with authentic AChR-8 .

Arrow indicates site of signal peptidase cleavage .

that this same puri f ied protein is required for the integration of
a transmembrane glycoprotein, the 6 subunit of the acetylcho-
l ine receptor . Our results provide the f irst direct identi f ication
of speci f ic shared steps in signal sequence-dependent translo-
cation and integration processes . Such shared steps had been
postulated previously (1, 2) but were supported by circumstan-
tial (13) and indirect (3) evidence . The fact that SRP is required
for signal sequence-dependent membrane integration clearly
contradicts the claim (14, 15) that insertion of nascent polypep-
tides into the ER membrane proceeds without the participation
of protein mediators .
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The role of SRP in the integration of a transmembrane
glycoprotein appears to be indistinguishable from its role in
the translocation of a secretory protein. As in the case of cel l -
free synthesis of secretory proteins (5, 9) , SRP, in the absence
of microsomal membranes, inhibited the synthesis of the trans-
membrane glycoprotein AChR-S . Likewise, this translation-
inhibitory effect was reversible and abol ished by the addit ion
of microsomal membranes . We presume that the translation-
inhibitory effect of SRP was due-as in the case of a secretory

protein (7) -to a signal sequence- induced, site-speci f ic elon-
gation arrest . So far, however, we have not succeeded, as we
did for a secretory protein (7) , in demonstrating the existence
of a discrete SRP-arrested peptide for AChR-S . A most l ikely
explanation is that such an arrested peptide might not be
immunoprecipitable by our anti -AChR-S antibodies .

Noteworthy is the observation here that, although salt -ex-
creted vesicles lost a signi f icant complement of their peripherial
membrane protein (4) , their abi l ity to core-glycosylate re-
mained unperturbed, as the only component of the salt extract
added back to this system was puri f ied SRP. However, we
cannot rule out the possibi l ity that SRP plays some direct role
in the core-glycosylation process .

To make this study of AChR-S integration ful ly comparable
to those of other ER-directed membrane proteins, it was nec-
essary to demonstrate that AChR-S has a signal sequence by a
method independent of the SRP-requirement assay . Ourpartial
sequence analysis of pre-AChR-S indicates that it is synthesized
with a transient N112-terminal signal peptide whose length has
been estimated at 21 residues . (The posit ion of the Leu residues
must be considered tentative, however, due to the problem of
frame-shi ft. ) Taken together with the demonstration that SRP
is required for the asymmetric transmembrane insertion of
AChR-S, the results of the present study imply that any mem-
brane protein that requires SRP for its integration into micro-
somal membranes wi l l contain the functional equivalent of a
signal sequence, regardless of whether cleavage of this sequence
occurs .

Besides the general impl ications of our model system, studied
here for the process of signal sequence-dependent asymmetric
integration of proteins into membranes, our present data pro-
vide information intrinsical ly relevant for the biosynthesis and
topology of the S subunit of the acetylchol ine receptor . We
found the signal sequence of AChR-S to be correctly cleaved
upon integration into dog pancreas microsomal membranes.
The partial ly determined NH 2 -terminal sequence of this micro-
somal membrane- integrated form of AChR-S was identical to
the known (10) NH2-terminal sequence of AChR-S isolated
from the assembled acetylchol ine receptor in the plasma mem-
brane . Since the in vitro integrated form of AChR-S most l ikely
corresponds to an early in vivo biosynthetic counterpart in the
ER, our data suggest that AChR-S does not undergo further
cleavages at the NH 2 terminus in its subsequent assembly and
pathway from the ER to the plasma membrane .

Evidence has been presented for incomplete glycosylation of
some of the AChR-S molecules integrated in vitro (Fig . 1) .
Since glycosylation of proteins in microsomal membranes pro-
ceeds by quantal addit ion of "core" ol igosaccharide groups
(16) , it seems most l ikely that the glycosylation variants ob-
served for AChR-S di ffer in the number of these core groups
which they contain . The uppermost band (Fig . 1, lane 3) would
in that case contain three core sugar groups, whi le the three
lower bands would contain two, one, and none, respectively . It
is not known whether these nonglycosylated and partial ly

glycosylated forms of AChR-S have in vivo counterparts, or
whether they are due to the l imit ing glycosylation capacity of
the dog pancreas microsomes used in vitro. In any case, this
incomplete glycosylation did not affect or alter the integration
of the AChR-S polypeptides into the membrane . A simi lar
conclusion has been drawn from studies on the G protein of
vesicular stomatitis virus (17) .

Partial sequence analysis of the membrane-protected frag-
ment of AChR-S that was inaccessible to digestion with trypsin
and chymotrypsin indicated that it contained the NH 2 terminus
(Figs . 4b and 5) , in addit ion to the core sugars (Fig . l , lane 6) .
In principle, the NH2 terminus could be inaccessible to prote-
olytic enzymes because it is located either ful ly within the l ipid
bi layer, as part of an integrated domain, or else in the ecto-
plasmic space on a ful ly translocated domain . Electron di ffrac-
t ion analysis of mature membrane-bound AChR indicates that
the bulk of the protein mass is located in the extracel lular space
(18) . It is therefore l ikely that this large extracel lular domain
contains the NH 2 terminus . A simi lar topology has been pro-
posed (19, 20) based on trypsinization studies of mature AChR-
S in alkal ine-extracted Torpedo plasma membrane vesicles .
However, it remains to be resolved whether AChR-S contains
a single transbi layer segment connecting two large water-sol -
uble domains on opposite sides of the membrane (a translo-
cated 44-kdalton domain, core-glycosylated and containing the
NH2 terminus, and an untranslocated 16-kdalton domain, un-
glycosylated and containing the COOH terminus) or whether
segments of these domains are further integrated into the
hydrophobic core of the l ipid bi layer .
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