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Abstract. Signal peptides (SPs) target proteins to the 
secretory pathway and are cleaved from the nascent 
chain once the translocase in the ER has been en- 
gaged. Signal-anchor (SA) sequences also interact 
transiently with the ER translocase, but are not 
cleaved and move laterally out of the translocase to 
become permanent membrane anchors. One obvious 
difference between SP and SA sequences is the con- 
siderably longer hydropbobic regions (h regions) of 
the latter. To study the interaction between SP/SA se- 
quences and the ER translocase, we have constructed 

signal sequences with polyoLeu h regions ranging in 
length from 8 to 29 residues and have characterized 
their locations within the translocase using both a new 
assay that measures the minimum number of amino 
acids needed to span the distance between the COOH- 
terminal end of the h region and the active site of the 
oligosaccharyl transferase enzyme and an assay where 
the efficiency of signal peptidase catalyzed cleavage is 
measured. Our results suggest that SP and SA se- 
quences are positioned differently in the ER trans- 
locase. 

I 
s eukaryotic ceils, most globular and transmembrane 
proteins destined for compartments along the secretory 
pathway are initially targeted to a translocation machin- 

e ry -a  ~translocase~in the ER membrane (Gilmore, 1993). 
The targeting function is provided either by an NH2-termi- 
nal signal peptide (SP) m that is later removed from the poly- 
peptide chain, or by a signal-anchor (SA) sequence that pro- 
motes translocation of the part of the chain located on its 
COOH-terminal side but that is not removed and ends up 
anchoring the protein in transmembrane orientation (von 
Heijne, 1988). 

When the SP or SA sequence emerges from the ribosome, 
it first binds to the signal recognition particle (Kurzchalia et 
al., 1986; Liitcke et al., 1992) and is later transferred to the 
ER translocase; by chemical cross-linking studies, it has 
been shown that both SP and SA sequences are located in 
close proximity to translocase subunits such as Sec61p and 
TRAM (G6rlich and Rapoport, 1993; Hartmann et al., 
1994; High et al., 1993a). In mammalian microsomes, other 
subunits of the translocase include the oligosaccharyl trans- 
ferase and probably the signal peptidase (Gilmore, 1993; 
Gtrlich et ai., 1992), while in yeast, a complex consisting 
of the Sec61p, Sec62p, Sec63p, and Sec66p proteins has 
been identified (Feldheim et al., 1993). 
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1. Abbrevian'ons used in this paper: Lep, leader peptidase; SA, signal- 
anchor; SE signal peptide. 

SP and SA sequences share two common features: a short 
positively charged NH2-terminal segment (n region) and a 
central hydrophobic stretch (h region). They differ in two im- 
portant respects, however: the h region is much longer in the 
SA sequences, and SP sequences end with a short COOH- 
terminal cleavage region (c region) that contains the signal 
peptidase cleavage site (yon Heijne, 1988). Beyond the dem- 
onstration that SP and SA sequences can be cross-linked to 
the same components of the translocase little is known about 
the detailed interactions that take place; in particular, it is 
not known if the difference in h region length has any conse- 
quences at the level of SP/SA-translocase interactions, or if 
it is simply a reflection of the fact that a long h region will 
provide a more stable membrane anchor once the transloca- 
tion process has terminated. 

A possibility to probe SP/SA-translocase interactions in 
greater detail was suggested by a previous study where we 
found that engineered Asn-Ser-Thr glycosylation acceptor 
sites can only be modified by the oligosaccharyl transferase 
enzyme when the Ash residue is positioned no closer than 
a precisely defined ~miniraum glycosylation distance" of 
12-13-residues downstream of an internal, uncleaved SA se- 
quence (Nilsson and yon Heijne, 1993). Since the oLigosac- 
charyl transferase is itself an integral part of the ER translo- 
case, we reasoned that its active site could possibly be used 
as a fixed point of reference against which the position of SP 
and SA sequences in the translocase can be measured. To test 
this idea, we have constructed signal sequences with poly- 
Leu h regions ranging in length from n = 8 to 29 residues. 
Using in vitro translation in the presence of microsomes, we 
have attempted to define the position of the h region in the 
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translocase by two independent means: (a) by determining 
the minimum number of amino acids needed to span the dis- 
tance between the COOH-terminal end of the h region and 
the first functional acceptor site for N-linked glycosylation 
as a function of n; and (b) by measuring the efficiency of 
cleavage by signal peptidase as a function of n. We find a 
sharp change in the behavior of the signal sequences as n in- 
creases beyond 17-19 residues: signal peptidase cleavage no 
longer takes place, and the minimum glycosylation distance 
is reduced by three residues. These observations suggest that 
SP and SA sequences are positioned differently in the ER 
translocase. 

Materials and Methods 

Enzymes and Chemicals 
Unless otherwise stated, all enzymes were from Promega Biotec (Madison, 
WI). T7 DNA polymerase was from Pharmacia Fine Chemicals (Piscata- 
way, NJ). Proteinase K was from Merck, Sharpe, and Dohme (Rahway, NJ). 
[35S]Met was from Amersham Corp. (Arlington Heights, IL). Ribonucleo- 
tides, deoxyribonucleotides, dideoxyribonucleotides, and the cap analog 
m7G(5')ppp(5~G were from Pharmacia Fine Chemicals. Plasmid pGEMI 
and wheat germ lysate was from Promega Biotec. Spermidine, PMSF, BSA, 
creatine phosphate, and creatine phosphokinase were from Sigma Chemical 
Co. (St. Louis, MO). The glycosylation acceptor peptide N-ben- 
zoyl-Asn-Leu-Thr-N-methylamide and the nonacceptor peptide N-benzoyl- 
Asn-Leu-(allo)Thr-N-methylamide were synthesized according to Erickson 
and Merrifield (1976). Oligonucleotides were produced using an Applied 
Biosystems synthesizer 380B followed by NAP-5 (Pharmacia Fine Chemi- 
cals) or HPLC purification. 

DNA Techniques 
Replacement of the H2 region in Lep by the sequences IIGLnVQ3P and 
IIGLnVPSAQAA was performed by first introducing BclI and NdeI restric- 
tion sites in codons 59 and 80 flanking the H2 region and then replacing 
the BclI-NdeI fragment by the appropriate double-stranded oligonucleo- 
tides. Site-specific mutagenesis used to position Asn-Thr-Ser acceptor sites 
relative to H2 was performed according to the method of Kunkel (Kunkel, 
1985), as modified by Geisselsoder et al. (1987). All mutants were con- 
firmed by DNA sequencing of single-stranded M13 DNA using T7 DNA 
polymerase. For cloning into and expression from the pGEMI plasmid, the 
5' end of the lep gene was modified, first, by the introduction of an XbaI 
site and, second, by changing the context 5' to the initiator ATG codon to 
a "Kozak consensus" sequence (Kozak, 1989). Thus, the 5' region of the 
gene was modified to: ...ATAACCCTCTAGAG-CCACCATGGCGAATA- 
TG... (Xbal site and initiator codon underlined). The XbaI-SmaI fragment 
carrying lep was cloned into pGEM1 behind the SP6 promoter. 

In Vitro Transcription and Translation in 
Reticulocyte Lysate 
Synthesis of RNA by SP6 RNA polymerase and translation in reticulocyte 
lysate in the presence of dog pancreas microsomes was performed as de- 
scribed (Liljestr6m and Garoff, 1991). Translocation of polypeptides to the 
lumenal side of the microsomes was assayed by resistance to exogenously 
added proteinase K and by prevention of N-linked glycosylation through 
competitive inhibition by addition of a glycosylation acceptor tripeptide but 
not by a nonacceptor tripeptide (Nilsson and von Heijne, 1993). 

In Vitro Translation of Truncated mRNA in Wheat 
Germ Lysate 
In vitro transcription was performed as described (Liljestr6m and Garoff, 
1991), except that the template DNA was generated by PCR (Miao et al., 
1992) and purified from agarose gels using the Magic PCR Prep purification 
system (Promega Biotec). One PCR primer was designed to hybridize to 
a region 150 bases upstream of the SP6 promoter in the pGEM1 plasmid 
and the reverse primers were designed to hybridize within the protein cod- 
ing region to generate the desired truncation without adding a stop codon. 

In vitro translation was performed for 60 min in a 100-/~1 reaction volume 
using the wheat germ lysate system (Promega Biotec) according to the 
manufacturers protocol with the addition of 2 fd canine SRP (20 nM final 
concentration) prepared as described (Walter and Blobel, 1983b). The 
translation mix was supplemented with 4/zl (8 A2s0 equivalents) EDTA- 
washed dog pancreas microsomes (Sakaguchi et al., 1992; Walter and 
Blobel, 1983a) when relevant. At the end of the reaction, samples were acid 
precipitated by the addition of an equal volume of 20% TCA and then pro- 
cessed for immunoprecipitation with a polyclonal antiserum against Lep. 

Results 

Variation of the Minimum Glycosylation Distance 
with the Length of the h Region 
As a model protein to study the interactions between the ER 
translocase and SP/SA sequences, we chose the Escherichia 
coil inner membrane protein leader peptidase (Lep) (Fig. 1). 
The insertion of Lep both into the inner membrane ofE. coli 
and into dog pancreas microsomes has been well character- 
ized (Johansson et al., 1993; Nilsson and yon Heijne, 1993; 
yon Heijne, 1994): as judged by N-linked glycosylation and 
protease accessibility, both the NH2-terminal tail and the 
large COOH-terminal P2 domain are efficiently translocated 
to the lumenal side of the microsomal membrane, while the 
P1 domain remains on the external (cytoplasmic) face of the 
microsome. Further, we have shown that Asn-Ser-Thr glyco- 
sylation acceptor sites (Gavel and von Heijne, 1990) must be 
located at a minimum distance of 12-13 residues down- 

Figure 1. Topology of Lep in the microsomal membrane. The H2 
region was replaced by the appropriate double-stranded oligonucle- 
otides encoding the amino acid sequence IleLys4Leu,ValGln3Pro. 
For each n, Asn-Ser-Thr glycosylation acceptor sites were intro- 
duced at different positions d residues downstream of H2 by replac- 
ing the corresponding codons in the wild type sequence. A natu- 
rally occurring Asn-Glu-Thr glycosylation acceptor site in position 
214 in the wild type sequence was changed to the nonacceptor se- 
quence Gln-Glu-Thr in all constructs. In the experiments reported 
in Fig. 3, the H2 region was replaced by the sequence 
IleLys4LeunValProSerAlaGlnAla~Ala, which encodes a predicted 
COOH-terminal signal peptidase cleavage site (arrow). 
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stream of  the internal SA sequence H2 for glycosylation to 
be possible (Nilsson and von Heijne, 1993). The object  of  
the present study was to take advantage of  this latter observa- 
tion and use the oligosaccharyl  transferase active site as a 
fixed point of  reference and determine the minimum glycosy- 
lation distance as a function of  the length of  the H2 h region. 

To avoid possible complications arising from local varia- 
tions in sequence, H2 was replaced by the sequence l ie-  

Lys,Leu V~V~_~GIn3Pro (h region underlined) (Fig. 1) and n, 
the number of  leucines in the h region, was varied from 8 
to 29 in steps of  three. The four lysines on the NH2-termi- 
nal end of  the leucine stretch were included to provide a net 
positive NH2-terminal charge (Sakaguchi et al . ,  1992; von 
Heijne, 1984) and a clear demarcation of  the start of  the h 
region. For each value of  n, we determined the minimum 
number of  residues d~n needed to span the distance be- 

Figure 2. Determination of the minimum glycosylation distance drain as a function of n, the number of leucines in H2. Synthesis of mRNA 
from pGEM1 by SP6 RNA polymerase and translation in reticulocyte lysate in the presence of dog pancreas microsomes was performed 
as described (Liljestr6m and Garoff, 1991). (A) Results for mutants n = 23M = 9 (starting from the end of the h region, the relevant 
sequence reads QQQPYEPFNST), n = 23/d  = 10 (sequence QQQPYEPFQNST), and n = 23/d  = 10" (sequence QQQPYEQPFNST) 
where d is the position of the Asn residue in the glycosylation acceptor site relative to the end of the (LeunVal) segment. Mutant n = 
23/d  = 10" was made from the nonglycosylated mutant n = 23M = 9 by introducing an extra Gin residue between the h region and the 
Asn-Ser-Thr acceptor site. Lep mutants were expressed and radiolabeled by [35S]Met in the absence ( - R M  lanes) and presence (+RM 
lanes) of microsomes. Glycosylation was assayed by including a synthetic glycosylation acceptor tripeptide in the translation mix (Nilsson 
and von Heijne, 1993) (data not shown). Nonglycosylated (band a) and glycosylated (band b) forms are indicated (Johansson et al., 1993; 
Nilsson and von Heijne, 1993). (B) Determination of d~n. For each mutant, the result obtained from in vitro translation in the presence 
of microsomes is shown. The lower band represents nonglycosylated molecules, the upper band glycosylated ones. Results are shown for 
mutants with a glycosylation distance close to d,a~. (C) Summary of glycosylation and signal peptidase cleavage data (cf, Figs. 2 B and 
3). Unfilled circles represent constructs that become glycosylated when expressed in the presence of microsomes; filled circles represent 
nonglycosylated constructs (in addition, constructs with d values of 15 and 20 were analyzed for n = 8, 11, 14, 17, 20, and 23; all were 
glycosylated). The line shows the variation of d ~  with n. (D) In vitro translation in wheat germ lysate of truncated mRNAs in the ab- 
sence ( -RM) or presence (+RM) of dog pancreas microsomes. Results are shown for the n = 14M = 13 and the n = 231d = 10 constructs. 
The truncations correspond to amino acid position 231 in the wild type leader peptidase sequence which is, respectively, 142- and 
145-amino acids downstream of the glycosylation site in the two constructs. The translation products were immunoprecipitated by a poly- 
clonal Lep antiserum, and the gel was visualized on a Fuji phosphoimager. 
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tween the COOH-terminal end of the h region and the Asn 
residue in the first functional Asn-Ser-Thr acceptor site. 

Results for two n = 23 constructs are shown in Fig. 2 A, 
(left and middle). The transition point from a nonfunctional 
to a fully functional Asn-Ser-Thr acceptor site can be 
mapped to within one residue, and d ~  = 10 residues in 
this case. As a control, an extra Gin-residue was inserted be- 
tween the h region and the Asn-Ser-Thr acceptor site in the 
nongiycosylated (n = 23/d = 9)-construct to make d = 10; 
as expected, this also led to efficient glycosylation (Fig. 2 A, 
right), demonstrating that it is the number of residues be- 
tween the h region and the Asn-Ser-Thr site rather than local 
sequence features that determines whether or not giycosyla- 
tion takes place. 

Proper formation of the topology depicted in Fig. 1 was 
also tested by a proteolysis assay (Johansson et al., 1993); 
indeed, even for n = 8, the PI loop between the H1 and H2 
transmembrane segments was accessible to proteinase K in 
intact microsomes whereas the P2 domain was protected, 
confirming that the (LeusVal) segment functions as a SA se- 
quence (data not shown). Similarly, previous studies have 
shown that as little as seven contiguous leucine residues can 
serve as a signal sequence (Sakaguchi et al., 1992). 

Results for the full range of constructs studied are shown 
in Fig. 2 B and are summarized in Fig. 2 C. For n = 8-14, 
d~n = 13 residues. Over the narrow interval n = 17-19, d ~  
drops to 10 residues, and then again remains constant all the 
way up to n = 29. 

While these results were obtained using fuU-length 

mRNAs translated in a reticulocyte lysate, glycosylation was 
also tested with truncated mRNAs coding for two constructs, 
n = 14/d = 13 and n = 23/d = 10, translated in a wheat 
germ lysate. In the wheat germ system, the ribosome re- 
mains attached to the end of a truncated mRNA, thus 
preventing disassembly of the translocase complex (Haeup- 
tle et al., 1986; Miao et al., 1992). Under these conditions, 
a SA sequence can be cross-linked to components of the 
translocase, demonstrating that it has not yet moved com- 
pletely out into the surrounding lipid (High et al., 1993a). 
As seen in Fig. 2 D, the truncated n = 14/d = 13 and n = 
23/d = 10 constructs were both glycosylated. As a control, 
we also expressed a truncated Lep construct where the 
giycosylation site was placed only 39 codons from the end 
of the truncated mRNA and thus could not have access to the 
oligosaccharyl transferase while the nascent chain was still 
attached to the ribosome; as expected, glycosylation was 
only observed when the nascent chain was released from the 
ribosome by treaunent with puromycin in this case (data not 
shown). 

We conclude that the glycosylation reaction is co-transla- 
tional, and that the COOH-terminal ends of internal signal 
sequences with short (n < 17) and long (n >I 19) h regions 
are positioned differently relative to the oligosaccharyl 
transferase active site when the glycosylation reaction takes 
place. 

The  E ~ c i e n c y  o f  Signal  Pept idase Cleavage Is a 
Func t ion  o f  h Region  Leng th  

An independent point of reference for the position of SP se- 
quences in the translocase is provided by the active site of 
the signal peptidase enzyme (Dalbey and yon Heijne, 1992; 
Gilmore, 1993). We thus inserted a "consensus cleavage 
cassette" (Nilsson and yon Heijne, 1991) immediately down- 
stream of the h region, Fig. 1, thereby converting the un- 
cleaved SA sequence into a potentially cleavable SP se- 
quence. As shown in Fig. 3, cleavage was observed for 
n = 8-17, but not for n = 20-26, again suggesting that the 
COOH-terminal ends of internal signal sequences with short 
(n <17) and long (n >--20) h regions are differently positioned 
in the translocase. 

Figure 3. Determination of signal peptidase cleavage efficiency as 
a function of n. Constructs with a signal peptidase cleavage site af- 
ter the poly-Leu segment and a glycosylation acceptor site 17- 
residues downstream of the predicted cleavnge site were expressed 
and radiolabeled by [35S]Met in the absence (-RM lanes) and 
presence (+RMlanes) of microsomes and analyzed by SDS-PAGE. 
(Band a) Non-glycosylated full-length product. (Band b) Glyco- 
sylated full-length product. (Band c) Glycosylated COOH-terminal 
fragment resulting from signal peptidase cleavage. Translocation 
into the lumenal compartment was also assayed by resistance to 
proteinase K (Ntisson and yon Heijne, 1993) (+ PK lanes); as ex- 
pected, fragments resulting from cleavage by signal peptidase (n < 
17) were completely resistant to proteolysis while uncleaved con- 
structs (n ~ 20) were attacked by proteinase K in the loop between 
HI and H2, resulting in a glycosylated, proteinase K-protected frag- 
ment (band d). Fortuitously, band d has only a marginally higher 
mobility than band a. Glycosylation was assayed by including a syn- 
thetic glycosylation acceptor tripeptide in the translation mix (Ntis- 
son and yon Heijne, 1993); this treatment reduced the apparent size 
of both the full-length and signal peptidase-cleaved forms, thus 
demonstrating that they contain functional glycosylation sites (data 
not shown). 

Discussion 

Previously, two methods have been used to study the envi- 
ronment of SP/SA sequences in the ER translocase: light- 
induced chemical cross-linking (High et al., 1993a,b) and 
fluorescence quenching of probes attached to specific amino 
acids in the nascent polypeptide (Crowley et al., 1993). 
Here, we present the first results obtained with a new tech- 
nique where the number of residues, d j ,  between a de- 
fined position in the nascent chain (the COOH-terminal end 
of the h region) and the oligosaccharyl transferase active site 
is measured to within one residue. By varying the number 
of leucine residues in the h region, n, we show that the dis- 
tances between the COOH-terminal ends of short (n < 17) 
and long (n >t 19) h regions and the oligosaccharyl transfer- 
ase active site differ by three residues. Interestingly, a paral- 
lel change in the efficiency of signal peptide cleavage is also 
observed: sequences with short h regions (n ~ 17) are 
efficiently cleaved, while those with long h regions (n >I 20) 
are not cleaved. 
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Figure 4. h region length distributions for a collection of 172 human 
signal peptides (t3) and 24 human signal-anchor sequences (,,) ex- 
tracted from SwissProt 27.0 (Bairoch and Boeckmann, 1991) using 
the Entrez software (release 8.0; National Center for Bioteehnology 
Information, Bethesda, MD). The h regions were identified visu- 
ally as stretebes of apolar amino acids devoid of charged residues 
(D, E, K, R) and containing only isolated polar amino acids (S, T, 
N, Q, P, H). The two signal peptides with h region lengths of 20 
and 24 residues both contain multiple Met residues, suggesting that 
the initiation codons given in the databank may be in error. 

Statistical analysis of h regions in eukaryotic SP and SA 
sequences suggests that a critical length of n = 17-18 resi- 
dues is not unique to poly-Leu segments. Thus, SP h regions 
are typically 7--15-residues long, and rarely if ever longer 
than 17 residues; in contrast, most SA sequences have h 
regions ranging from 20 to 30 residues in length (yon Heijne, 
1985, 1986) (Fig. 4). A similar critical length may exist in 
prokaryotes; indeed, it has been found that a poly-Leu SP is 
cleaved by the E. coli signal peptidase in vivo when n = 15 
but not when n = 20 (Chou and Kendall, 1990). 

How can we explain the findings that d ~  does not vary 
appreciably with n in the intervals 8 ~ n < 17 and 19 ~< n 

29, that d~, is reduced from 13 to 10 residues over the 
interval 17 < n < 19, and that cleavage by signal peptidase 
is only possible for n < 20? First, since the sequence around 
the glycosylation and signal peptidase cleavage sites in our 
constructs does not vary, we think it unlikely that there are 
significant conformational differences in the spacer region 
between the lumenal, COOH-terminai end of the h region 
(the C end) and these sites for different n values. Considering 
the amino acid composition of this segment, a flexible, ex- 
tended conformation seems the most likely. Second, the con- 
stancy of d~, over large ranges of n values means that the 
position of the C end relative to the oligosaccharyl transfer- 
ase active site does not vary with n except in the narrow range 
17 ~ n < 19, and thus that there are only two possible loca- 
tions in the translocase for the C end, one for short and one 
for long h regions. This conclusion is further strengthened 
by the signal peptidase cleavage results: cleavage is not 
affected by the length of the h region for n < 17, suggesting 
that the position of the C end relative to the signal peptidase 
active site is fixed over this range of n values, but is com- 
pletely prevented when n ~> 20, suggesting that the C end is 
now in a different location. Since we can only guess at the 
conformation of the segment between the C end and the 

oligosaccharyl transferase active site, all we can say is that 
the difference in physical distance between the active site and 
the two different locations of the C end is in the range 5-10 
/~ (corresponding to three residues in either a helical or a 
fully extended conformation). A less likely possibility is that 
the conformation of the spacer segment depends on the loca- 
tion of the C end; if this were the case, the uncertainty in 
the estimated physical distance will be somewhat greater. 

Whether the NH~-terminal, cytoplasmic end of the h re- 
gion (the N end) has a fixed location in the translocase is not 
known. If in fact this is the ease, the conformation of the h 
region must adapt to changes in n by being more extended 
for small n and becoming increasingly helical as n increases 
(Fig. 5, left). This model is rather appealing, as it would 
equate the "transition region" (17 < n < 19) with the forma- 
tion of a completely helical h region that would be ideally 
suited to move into a more peripheral, possibly lipid- 
exposed location in the translocase. Finally, for larger n, the 
lipid-exposed h region would adapt by tilting rather than by 
exposing hydrophobic residues to the aqueous surroundings 
(Fig. 5, right). Alternatively, the h region may be helical also 
for small n, but this would require that the positively charged 
lysine residues on its NH2-terminal end can be pulled into 
the translocase. 

The present study has been carried out on molecules 
where the SP/SA sequence is preceded by the transmem- 
brahe H1 segment (Fig. 1). Thus, our results pertain to inter- 
nal SP/SA sequences; whether they also hold for other topo- 
genie sequences such as NI-I2-terminal SP/SA sequences or 
internal stop--transfer sequences remains to be determined. 
Since the ER translocase can catalyze the membrane inser- 
tion of proteins with multiple transmembrane segments 
(Lipp et al., 1989; Wessels and Spiess, 1988), it seems likely 
that each individual transmembrane segment is rapidly 
moved out of the central channel into a lipid-exposed loca- 
tion as suggested above for SA sequences. If this is true, we 
should expect to get results very similar to those reported 
above for both NH2-terminal and internal topogenic se- 
quences. 

Earlier studies have shown that removal of the n region 

Figure 5. Possible locations of SP (/eJ~ and middle) and SA (right) 
sequences in the ER translocase. The signal peptidase (SPase) and 
oligosaccharyl transferase (OTase) are shown. Note that the confor- 
mation and degree of lipid exposure of the h region is depicted as 
depending on its length n. (Adapted from Gilmore, 1993). 
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from certain SA sequences or point mutations in or near 
their h regions can uncover cryptic signal peptidase cleavage 
sites (Hegner et al., 1992; Lipp and Dobberstein, 1986; Roy 
et al., 1993; Schmid and Spiess, 1988) suggesting that resi- 
dues in regions flanking the h region can influence the posi- 
tion of SA sequences in the translocase; such effects can now 
be directly studied with the glycosylation mapping technique 
described here. The technique may also be used to character- 
ize the interactions between the translocase and h regions of 
varying degrees of hydrophobicity and to measure other dis- 
tances in the translocase; such measurements are in 
progress. 
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