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Translocation and integration activities were assessed in Neurospora microsomes (nRM) after modification either by a sulfhydryl 
alkylating reagent or by a proteinase. A Neurospora in vitro system was programmed with RNA transcripts that encode the 
amino-terminal 194 amino-acid residues of the Neurospora plasma membrane H÷-ATPase (pma~94) or the 262 amino-acid 
residues of the precursor of yeast invertase (preinv262). The processing of preinv262 was blocked in N-phenylmaleimide- and in 
trypsin-pretreated nRM. In contrast, the binding of preinv262 to microsomes was unaffected in the chemically alkylated nRM, but 
was affected in the trypsin-pretreated nRM. In the chemically alkylated vesicles, the integration of the pma~-94 was not affected, 
but was partially blocked in the trypsin-pretreated vesicles. These data imply that trypsin-sensitive components are required for 
these activities in nRM, and that binding, translocation and integration can be differentiated by their sensitivity to chemical 
alkylation of sulfhydryl groups in nRM. Evaluated also were the effects of temperature on translocation and integration activities 
in the nRM. These were maximal at 20°C, whereas the binding of preinv262 was maximal at 0°C. Taken together, these data 
demonstrate that the processing of preinv262 by nRM can be resolved into two steps: binding of the precursor protein to nRM 
and subsequent translocation into the lumen of the vesicles. Whereas, the integration of the pma~-94 into nRM could not be 
resolved into separable steps. Taken together, these results are interpreted to imply that the initial association of truncated forms 
of the pma ÷ and the precursor of invertase to the surface of the nRM are distinct processes. 

Introduction 

It is now fairly clear that reconstituted systems pro- 
vide valuable insights into the secretory pathway. These 
in vitro systems are reconstituted from subcellular frac- 
tions: a high-speed supernatant fraction, that serves to 
translate the R N A  transcripts as well as serving as a 
source of soluble secretory components, and a mem- 
brane fraction, that acts as the in vivo site for the 
interaction of the precursor proteins with the or- 
ganelle. Sections of the secretory pathway have been 
resolved and reconstituted: the translocation of pro- 
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teins across the lipid bilayer of the endoplasmic reticu- 
lum (RER) [8]; the transport of vesicles from the RER 
to the cis face of the Golgi complex [24]; the intercom- 
partmental vesicular transport of the Golgi complex 
[23]; the budding of secretory vesicles from and their 
fusion with competent membrane [7,13,25]. These in 
vitro systems are essential, not only as starting material 
for purifying components of the secretory pathway, but 
they also serve as a functional assay for these compo- 
nents. Although other methods may lead to the identi- 
fication of these components, the exact role of these 
proteins in the secretory pathway and an insight into 
their molecular mechanisms will be gained only when 
these components are studied in a chemically well-de- 
fined functional assay. 

An ideal system for studying the secretory pathway 
is one that is amenable to genetic and to biochemical 
analyses. Toward this goal, I have developed an in vitro 
system that reconstitutes the processing of proteins by 
the RER [3]. This in vitro system was developed using 
subcellular fractions from the filamentous fungus Neu-  
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rospora crassa. A similar system was developed with 
subcellular fractions from yeast [15,22,29]. As previ- 
ously reported, I directly demonstrated that the hydrol- 
ysis of a ribonucleotide is required for translocating 
truncated forms of the precursor of invertase into 
microsomes. Whereas, the binding of the precursor 
protein to the vesicles is ribonucleotide independent 
[4]. Subsequently, similar results, using the precursor of 
OmpA, were obtained with the in vitro system from 
yeast [26]. I have demonstrated also that the integra- 
tion of truncated forms of the Neurospora plasma 
membrane H+-ATPase (pma +) into microsomes re- 
quires a GTPase [6]. These early studies suggested that 
the Neurospora pma + and the precursor of yeast inver- 
tase apparently interact with the RER by distinct pro- 
cesses. 

In this communication, I have assessed the effects of 
the chemical alkylation of sulfhydryl groups in and of 
the proteolytic digestion of microsomes on binding, on 
translocation, and on integration. Chemically alkylated 
microsomes were competent with respect to binding 
and integration, but not to translocation. Binding, 
translocation, and integration were differentiated by 
their sensitivity to proteolytic digestion. Taken to- 
gether, these results imply that the initial interactions 
of the pma + and the precursor of invertase with the 
RER are distinct processes. 

Materials and Methods 

Materials 
The sources of most of the materials have been 

previously described [3,5]. Trypsin (TPCK-treated) and 
soybean trypsin inhibitor were obtained from Wor- 
thington. Puromycin was obtained from Boehringer- 
Mannheim and N-phenylmaleimide from Aldrich. The 
other reagents were of the highest commercially avail- 
able grade. 

Plasmids 
The plasmid pSPM8 [1] contains the cDNA that 

encode the Neurospora pma +. This was digested with 
the restriction endonuclease EcoRV (New England 
Biolabs) which cleaved the cDNA within codon 195. 
The plasmid pAB208 [3] contains the cDNA that en- 
code the precursor of the yeast invertase [27]. This was 
digested with the restriction endonuclease BamHI 
(New England Biolabs) to yield a cDNA cleaved within 
codon 263. The RNA transcripts were prepared as 
described [3]. 

Neurospora translation 
The Neurospora translation extract and the micro- 

somes (nRM) were prepared as previously described 
[3]. Post-translational processing of preinv262 by and 

the integration of the pma;94 into nRM were con- 
ducted as described [4]. All of the results depicted in 
this report were obtained by adding the nRM post- 
translationally; results obtained co-translationally are 
identical to those given here. Adding nRM co-transla- 
tionally inhibits translation by 30-75%. Accordingly, 
all experiments were conducted post-translationally, to 
obtain a better signal to noise ratio. Unless stated 
otherwise, the translation reactions were conducted for 
45 rain at 16°C. Afterwards, to release the nascent 
polypeptide chain from the ribosome-peptidyl-tRNA 
complex, puromycin was added to a concentration of 
200 /xM. The mixtures were incubated for an addi- 
tional 5 min at 16°C. Each mixture was layered over a 
200-txl cushion and centrifuged at 436000 X gma x for 4 
min at 4°C in a Beckman TLA-100.1 fixed angle rotor 
[3,6]. The applied volume and the upper half of the 
sucrose cushion were removed; the proteins were pre- 
cipitated by TCA as described [3]. The remaining por- 
tion of the cushion was discarded. The pelleted micro- 
somes, or microsome remnants, and the TCA-precipi- 
tated proteins were prepared for and resolved on SDS- 
7.5-15% polyacrylamide gradient gels [3]; the products 
were detected by autoradiography. 

Alkylating sulfhydryl groups in microsomes 
DTT was removed from stored microsomes by layer- 

ing 50/xl of the nRM over a sucrose step gradient: the 
top layer (600 /~l) contained 0.5 M sucrose, 40 mM 
K+-Hepes (pH 7.5); the bottom layer (100 tzl) con- 
tained 2 M sucrose, 40 mM K+-Hepes (pH 7.5). The 
resultant gradient was centrifuged in a Beckman TLS- 
55 swinging bucket rotor at 173 502 x gmax for 6 min at 
4°C. The nRM were collected from the 0.5 M/2  M 
sucrose interface and were adjusted to 50 /zl, using 
0.25 M sucrose, 40 mM K+-Hepes (pH 7.5). The nRM 
(10 A280 units/  ml) were treated with N-phenylmalei- 
mide (NPhM) in the presence of 0.25 M sucrose, 40 
mM K+-Hepes (pH 7.5), 50 mM KOAc for 15 rain at 
20°C, in a final reaction volume of 50-1zl. The alkyla- 
tion reaction was terminated by adding an equimolar 
amount of/3-mercaptoethanol and then incubating the 
mixture for 5 min at 20°C. Afterwards, the sample was 
placed on ice. The control was obtained by adding 
premixed NPhM and fi-mercaptoethanol to nRM and 
incubating the mixture as mentioned. 

Digesting microsomes with trypsin 
The nRM (10 A280 units/ml) were digested by 

trypsin (TPCK treated) in the presence of 0.25 M 
sucrose, 50 mM KOAc, 1 mM CaC12, 40 mM K+-Hepes 
(pH 7.5), and 1 mM DTT for 20 min at 0°C, in a final 
reaction volume of 50-/.0. To stop the reaction, a 3-fold 
excess of soybean trypsin inhibitor and 10 mM of 
phenylmethylsulfonyl fluoride were added. Control was 
obtained by adding to the nRM premixed trypsin and 



inhibitors. The control sample was incubated as men- 
tioned. All samples were used directly in the assay. 

Determination of the percent processing 
An estimate of the relative quantity of the forms 

that were either integrated, bound or glycosylated was 
performed by densitometric analysis of the autoradio- 
grams by a Bio Image Radioanalytic Imaging System 
(MilliGen/Biosearch, Bio Image, Ann Arbor, MI, 
USA). The percent processing of preinv262 was deter- 
mined by dividing the amount of glycosylated products 
by the sum of the glycosylated products and the bound 
form in the pellet. The percent of the product that was 
bound was determined by dividing the amount of the 
bound form in the pellet by the sum of the glycosylated 
forms and the bound form in the pellet. There are two 
unglycosylated bands in the pellet fraction. The slower 
migrating band is the bound unprocessed preinv262 [4]. 
Because the identity of the faster migrating band in the 
pellet is uncertain, it was not used in any of the 
calculations. Yeast preinv262 has six methionyl residues, 
but the processed form has five [27]. The calculation 
corrected for the lost of one methionyl residue in the 
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processed preinv262 when the signal sequence is cleaved 
by using the ratio 6:5. 

Results 

Treatment of microsomes with NPhM blocks transloca- 
tion 

The sulfhydryl alkylating reagent N-ethylmaleimide 
(NEM) has proven useful for identifying proteins in 
canine pancreatic microsome vesicles (cRM) whose 
functions are required for processing secretory proteins 
and for demonstrating that various classes of secretory 
proteins share common components in their initial 
interactions with the RER [17,21]: One component, the 
SRP receptor (SRP-docking protein) [11,20], is re- 
quired for displacing SRP from the nascent peptidyl- 
tRNA-ribosome complex [12]. Another component, that 
functions subsequent to the SRP-SRP receptor interac- 
tion, is required for translocating preprolactin into the 
vesicular lumen of the cRM [21]. The activities of these 
proteins are impaired by NEM [18,21]. Is the use of 
NEM a useful strategy that is applicable to other 
systems? To determine this, NEM was assessed for its 
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Fig. 1. Glycosylation of preinv262 by NPhM-alkylated nRM. The RNA transcripts for preinv262 were translated in the Neurospora in vitro system 
essentially as described [3]. The nRM were treated with NPhM as outlined in Materials and Methods. Where noted, the nRM were added 
post-translationally to a concentration of 3 A280 units/ml. The first three lanes represent a translation mixture where no nRM were added. The 
next three lanes represent an incubation with control nRM. Proteinase digestions were performed with 100/xg/ml of proteinase K for 30 min at 
0°C. Samples were fractionated into membrane (P) and supernatant (S) fractions by centrifugation through sucrose cushions containing 0.5 M 
KOAc. The preinv262 (Inv262) and the glycosylated preinv262 (glnv262) were resolved using SDS-7.5-15% PAGE and detected by autoradiog- 

raphy. Quantitation of the relative amount of bound (0) and the glycosylated (e) forms was performed on a BioImage System. 
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affects on the translocation and integration activities of 
microsome vesicles from Neurospora. The nRM were 
treated with 15 mM of NEM for 30 min at 25°C; The 
processing of the precursor of the yeast invertase was 
only marginally affected by the NEM pretreated nRM 
(data not shown). This suggests that either there are no 
sulfhydryl groups in Neurospora microsomes that are 
involved in these activities or the sulfhydryl groups that 
are presumed to function in these processes are not 
accessible to the alkylating activity of NEM, i.e., they 
may exist in a more hydrophobic milieu. To test this, 
N-phenylmaleimide, a more hydrophobic sulfhydryl-di- 
rected alkylating reagent, was evaluated for its ability 
to block the formation of glycosylated preinv262. 

The RNA transcripts that encode for preinv262 have 
no stop codon. Therefore, puromycin, an aminoacyl- 
tRNA analog, was added, after the addition of nRM, 
to the translation mixture to release the ribosome- 
bound precursor. As previously demonstrated, the ri- 
bosome-preinv262 complex bounds to the nRM and 
puromycin causes the release of the preinv262 which is 
then translocated into and processed by nRM [4]. When 
NPhM-treated nRM were added to the translation 
mixture post-translationally, the glycosylation of pre- 
inv262 was blocked, but binding was not impaired (Fig. 
1). The bound form of preinv262 is the unglycosylated 
preinv262 that co-sedimented with the microsomes. 
Clearly, translocation, a step subsequent to binding [4], 
is blocked in the NPhM-treated nRM. The amount of 
pelleted preinv262 increases, however, suggesting that 
the association of preinv262 with nRM is not impaired 
in these treated microsomes. It could be that the form 
that was bound initially has been transferred to an- 
other component(s) whose function has been compro- 
mised by the activity of NPhM. Therefore, the bound 
form(s) would accumulate at a point subsequent to the 
initial binding step. Nevertheless, in the quantitation of 
the data, the unglycosylated preinv262 that is found in 
the pellet is treated as the bound form, regardless of 
the exact component(s) to which it may be associated. 
The identity of the faster migrating band in the mem- 
brane fraction is unclear. This could be the signal-se- 
quence-cleaved product of preinvertase or the nonspe- 
cific association of the cytosolic form of invertase with 
the microsomes. In the absence of nRM, less than 1% 
of the products were found in the pellet (Fig. 1), 
suggesting that the products that co-sedimented with 
the nRM were associated, specifically or nonspecifi- 
cally, with the membranes (see below). 

The glycosylation of secretory proteins at asparagine 
residues of appropriate receptor sites serves as an 
excellent reporter of translocation, for the glycosylating 
enzymes are localized to the lumen of the vesicles [16]. 
The inhibition of the formation of glycosylated preinv262 
by NPhM-treated nRM indicates either that NPhM 
chemically alkylated a lumenal protein(s) that is re- 

quired, directly or indirectly, for the glycosylation of 
preinv262 or it modified a protein(s) in the nRM whose 
function is required for translocating preinv262 into the 
lumen of the nRM. To distinguish between these possi- 
bilities, a proteinase was added to the reaction mixture. 
If the precursor is translocated and unglycosylated, it 
will not be digested by the proteinase. The unglycosy- 
lated preinv262 was digested by proteinase K (Fig. 1), 
demonstrating that the unprocessed preinv262 was not 
translocated into the nRM and that NPhM alkylated a 
protein(s) in the nRM whose function is apparently 
required for translocating preinv262 into nRM. 

Are the NPhM-pretreated nRM integration compe- 
tent? To determine this, the integration of the pma~-94 
into the chemically-alkylated nRM was assessed. The 
manipulation of the eDNA clones of various IMPs has 
demonstrated that transmembrane spanning domains 
of IMPs serve as signals to initiate and to stop translo- 
cation [9,19]. Using truncated forms of the pma +, it 
was demonstrated that topogenic sequences for these 
events exist within the first 200 amino-acid residues of 
the pma ÷ [5,6]. Therefore, the eDNA for the pma ÷ 
was treated with an endonuclease to cleave the eDNA 
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Fig. 2. Integration of the pma~-94 into NPhM-pretreated nRM. Trans- 
lation of the RNA transcripts that encode for the pmai~94 and the 
incubation of the products with NPhM pretreated nRM were as 
described in the legend to Fig. 1. The first two lanes represent a 
translation mixture that was incubated with control nRM. Samples 
were extracted with Na2CO 3 (pH 11.5) and were fractionated into 
membrane (P) and supernatant (S) fractions by centrifugation through 
sucrose cushions containing 0.1 M Na2CO 3 (pH 11.5). The products 
were resolved by SDS-PAGE using a 7.5%-15% polyacrylamide 
gradient gel and detected by autoradiography. Quantitation was 

preformed on a Biolmage System. 



within codon 195. The resultant RNA transcripts en- 
code the amino-terminal 194 amino-acid residues that 
contains the first two putative transmembrane-span- 
ning domains of the pma + [2,14]. These RNA tran- 
scripts contain no stop codon. Accordingly, puromycin 
was added to the translation mixture after incubating 
the mixture with nRM. The truncated forms of the 
pma ÷ are completely released from the ribosome by 
the addition of puromycin [5]. When the NPhM-treated 
nRM were added to the translated product, the pma~-g4 
was integrated into the chemically-alkylated nRM, as 
judged by the resistance of the membrane-associated 
pma~-94 to extraction by Na2CO 3 (pH 11.5) (Fig. 2). 
Extracting microsomal vesicles by Na2CO 3 (pH 11.5) 
converts them into open sheets, this allows for the 
extraction of peripheral proteins from the exposed 
faces of the microsome sheets [10]. This technique has 
served as a criterion to demonstrate that in vitro syn- 
thesized proteins are integrated into microsomes. Fur- 
thermore, after extracting the microsomes with 0.5 M 
KOAc, 4 M urea, or with 25 mM EDTA, the pma~-94 
remained associated with the pelleted NPhM-treated 
microsomes (data not shown). Under these conditions, 
the IMPs are recovered with the microsomes (P) frac- 
tion; the soluble and peripheral proteins are recovered 
in the supernatant (S) fraction. The effectiveness of the 
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differential centrifugation step is demonstrated by the 
observation that in the absence of microsomes the 
pma~-94 is found exclusively in the supernatant fraction 
(see Fig. 6). 

Trypsin treatment of microsomes inhibits translocation 
and integration 

To gain additional insight into these activities, bind- 
ing, translocation and integration were assessed in 
trypsin-pretreated nRM. The processing of preinv262 
was blocked in trypsin-pretreated nRM (Fig. 3). When 
nRM were treated with trypsin at a concentration of 
0.5/xg/ml,  the glycosylation of preinv262 by these was 
95% inhibited, but the binding of the preprotein was 
only marginally affected. Most of the bound form was 
sensitive to proteinase K digestion (Fig. 3): There is a 
portion of the bound product that was not digested by 
proteinase K (Fig. 3). This form could not be digested 
by proteinase K, even in the presence of Triton X-100 
(data not shown). With increasing concentrations of 
trypsin, the binding of preinv262 to the treated vesicles 
decreased (Fig. 3); This is in contrast to what was 
observed with the NPhM-treated nRM, there the 
amount of preinv262 that was bound to the treated 
microsomes was inverse to the formation of glyco- 
sylated products (Fig. 1). This implies that binding of 
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preinv262 to nRM depends on trypsin-sensitive compo- 
nent(s) of the microsomes. Furthermore, these data 
imply that processing of preinv262 by nRM can be 
resolved into two steps: The binding of preinv262 to the 
surface of the nRM and the subsequent translocation 
of the preprotein into the nRM. These steps are differ- 
entiated by their sensitivity to trypsin digestion and to 
the chemical alkylation of sulfhydryl groups in nRM. 

When the trypsin-treated nRM were assessed for 
their integration competence, the integration of the 
pma~-94 into the treated microsomes was diminished 
(Fig. 4). The concentration of trypsin that was required 
to reduce integration by 70% was at least 8-times that 
required to block by 95% the processing of preinv262 
(see Fig. 3). There is a level of integration activity that 
was resistant to trypsin digestion, even after treating 
the nRM with higher concentrations of the proteinase 
(Fig. 4). The latter, after the treatment with the pro- 
teinase, were still not competent for the binding of 
preinv262 (data not shown), implying that the micro- 
somes were not extensively damaged by trypsin so that 
nonspecific associations with these begin to occur. It is 
not apparent if this trypsin-resistant integration activity 
represents an alternate pathway for integrating pma~-94 
into the microsomes. Clearly, additional experiments 
will be required to gain insight into this intriguing 
possibility. 

Temperature dependence of translocation and integration 
The initial association of preinv262 to nRM was not 

blocked by the alkylation of sulfhydryl groups in nRM 
nor by the treatment of nRM with a low concentration 
of trypsin. The subsequent glycosylation of preinv262 by 
the pretreated nRM was blocked, however, as judged 
by the diminution of the glycosylated forms. This sug- 
gests that the association of the preprotein with nRM 
and its subsequent translocation across the membrane 
can be resolved. To further substantiate this, another 
approach was taken. These reactions were studied at 
temperatures between 0°C to 30°C. The translocation 
of preinv262 into nRM, as judged by the glycosylation 
of preinv262 by nRM, displays maximal activity at 20°C 
and minimal at 0°C. Whereas, binding to nRM was 
maximal at 0°C (Fig. 5). The integration of the pma~94 
into nRM was evaluated also at various temperatures. 
The integration of the pma~-94 into nRM was maximal 
at 20°C (Fig. 6), similar to what was observed for the 
processing of preinv262. In contrast to translocation, 
however, approx. 50% of the pma~-94 was integrated 
into nRM at 0°C. 

Discussion 

In this report, three criteria were used to gain 
insight into the initial interaction of precursor proteins 
with the surface of the RER of Neurospora. These 

were (1) chemical alkylation of sulfhydryl groups of the 
nRM by NPhM; (2) proteolytic digestion of nRM by 
trypsin and (3) modification of the milieu temperature. 
The processing of preinv262 by nRM, as assessed by the 
addition of high-mannose oligosaccharide chains to the 
protein, was blocked in NPhM- and in trypsin-treated 
nRM. In contrast, the binding of preinv262 to nRM was 
unimpaired in NPhM treated nRM and was only 
marginally affected in nRM that were treated with low 
concentrations of trypsin. The unglycosylated preinv262 
that co-sedimented with the NPhM-treated nRM was 
digested by proteinase K, precluding the possibility 
that the protein was translocated and unprocessed. 
The effects, therefore, of NPhM chemically-alkylating 
sulfhydryl groups in nRM indicate that this reagent 
affected a protein(s) whose function is essential for 
translocating preinv262 into the nRM, but not for the 
binding of the precursor to the surface of the nRM. As 
previously demonstrated, the binding of the precursor 
of invertase to nRM is a ribonucleotide-independent 
process: the bound form, without being released from 
the microsomes, could be 'chased' into the lumen of 
the microsomes by the hydrolysis of a ribonucleotide 
[4]. This implies that the bound form is an intermediate 
of the translocation process. 
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It is clear, therefore, that the processing of preinv262 
by nRM can be resolved into two events: binding of the 
precursor protein to the surface of the nRM and 
subsequent translocation into the lumen of the micro- 
somes. This conclusion is further substantiated by the 
observed differences in the temperature dependence of 
the two events: the formation of the glycosylated pre- 
inv262 is maximal at 20°C, minimal at 0°C; whereas, the 
association of preinv262 to the surface of the nRM was 
maximal at 0°C. 

The alkylation of sulfhydryl groups in nRM had no 
effect on the integration of the pma~-94. The digestion 
of nRM by trypsin, however, did affect the integration 
of the pma ~94, but this inhibition of integration was less 
sensitive to trypsin digestion than the processing of 
preinv262, because higher concentrations of trypsin were 
required to inhibit integration activity than to block the 
glycosylation of preinvz62. The effects of the trypsin 
digestion of nRM imply that trypsin-sensitive protein 
component(s) is involved in the integration process. In 
the absence of a ribonucleotide, truncated forms of the 
pma + do not associate with nRM, with or without the 
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nascent polypeptide chain being attached to ribosomes 
[6]. Taken together, this suggests that the association of 
the pma~-94 with the nRM is not the promiscuous 
insertion of the product into microsomes but is a 
specific process, requiring a GTPase and, presumably, 
other nRM proteins. In contrast, therefore, to the 
processing of preinv262 by nRM, only integration, one 
event, could be demonstrated for the interaction of the 
pma~-94 with the nRM. 

These data suggest that the initial association of the 
pma~-94, an IMP, and of preinv262, a secreted protein, 
with nRM are distinct processes. These observations 
differ from observation obtained from in vitro systems 
reconstituted with cRM. There the evidence indicates 
that different classes of preproteins apparently share 
identical components in their initial interaction with 
the cRM [28]. For example, the initial step in the 
processing of precursor proteins, the binding of the 
nascent secretory proteins to the surface of the cRM, is 
blocked by NEM [11,18,21]. These distinctions could 
reflect evolutionary differences in the two in vitro 
systems. In support of this notion, the translocation of 
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Fig. 5. The  effects of temperature  on the  glycosylation of preinv262 by nRM. The  R N A  transcripts for preinv262 were translated as described [3]. 
The  translated products were incubated at the indicated temperatures  for 5 min before adding the nRM,  which were stored on ice, to a 
concentration of 3 A280 un i t s /ml .  The  resultant  mixtures were incubated for 20 rain at the indicated temperature .  Afterwards, the mixtures were 
either fractionated or treated with proteinase K, as outlined in the legend to Fig. 1. The  detection and the quantification of the relative amount  

of  bound (Inv262) (o) and the processed (gInvz62) (©) forms were as outlined in the legend to Fig. 1. 



126 

---pma+194 

Temp(oC) 
S P S P S P S P S P S P 

0 10 15 20 30 

lo 

1=. 

o~ 

100 

90 

80 

70 

60 

50q 

4 0  I I I 

0 10  20  3 0  

T e m p ( ° C )  

Fig. 6. The effects of temperature on the integration of the pma~94 into nRM. The translation of the RNA transcripts for the pma~-94 and the 
incubation of the products with the nRM at the various temperatures were as described in the legend to Fig. 2. The fractionation of the mixtures 
into membrane (P) and supernatant (S) fractions, and the quantification of the products were as outlined in the legend to Fig. 2. The first two 
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the precursor of O m p A  into yeast microsomes can be 
resolved into separatable steps: binding and transloca- 
tion [26]: binding is a r ibonucleotide-independent event 
that is unaffected by the chemical alkylation of 
sulfhydryl groups by NEM. Presumably, in these fungi, 
a putative signal sequence receptor on the surface of 
the R E R  recognizes the signal sequence of precursor 
proteins in a ribonucleotide-independent event. This is 
analogous to the import of precursor proteins into 
mitochondria: The preproteins are bound to specific 
targeting sequence receptors on the surface of the 
outer membrane  of mitochondria and are subsequently 
translocated across the outer  membrane  via a general 
insertion protein, in an energy dependent  manner.  
Although this comparison is conjectural, this concept 
would imply that the putative signal-sequence recep- 
tors of these fungi may represent the evolutionary 
precursor of the more complex receptor found in ca- 
nine pancreas a n d / o r  they represent  components of a 
functionally redundant  targeting pathway to the RER.  

The data also indicate that binding, translocation 
and integration can be resolved, for each displays 
markedly differing effects to chemical alkylation, to 
trypsin digestion and to variations in the milieu tem- 

perature,  suggesting that the essential components for 
each process are distinct. Binding is independent of 
translocation, suggesting separate components for each 
event. It is conceivable that both activities could be 
combined in a single protein. Integration is insensitive 
to NPhM alkylation of sulfhydryl groups in nRM, im- 
plying that integration and translocation are catalyzed 
by different machineries. It is conceivable that both 
activities are combined in a multisubunit proteinaceous 
effector that is capable of decoding topogenic se- 
quences and performing subsequent reactions for IMPs 
and for the precursor of secreted proteins. Clearly, to 
resolve these issues will require the resolution of 
translocation and integration activities and the recon- 
stitution of these activities in a well-defined chemical 
system. In the laboratory, current experiments are di- 
rected toward this goal. 
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