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Secretory prote ins are synthes ized w i t h a signal se
quence that is usual ly c leaved f rom the nascent prote in 
dur ing the translocat ion of the po lypept ide cha in into 
the l umen of the endop lasmic ret iculum. T o determine 
the fate of a c leaved signal sequence, w e used a synchro
n i zed in vitro translocat ion system. W e f ound that the 
c leaved signal pept ide of prepro lact in is fur ther 
processed close to its C O O H terminus . The result ing 
f ragment accumula ted in the microsomal fract ion a n d 
w i t h t ime w a s re leased into the cytosol . Signal sequence 
c leavage a n d process ing could be reproduced w i t h re
const i tuted vesicles conta in ing Sec61, signal recogni
t ion part ic le receptor , a n d signal pept idase complex . 

S i g n a l s e q u e n c e s m e d i a t e t h e e n t r y of p r o t e i n s i n to t h e se
c r e t o r y p a t h w a y (B lobe l a n d D o b b e r s t e i n , 1975a) . A s soon a s 
t h e y e m e r g e f r o m t h e r i b o s o m e , s i g n a l s e q u e n c e s a r e recog
n i z e d b y t h e cy toso l i c s i g n a l r e c o g n i t i o n par t i c l e ( S R P ) 1 ( W a l t e r 
et al., 1981) , w h i c h t a r g e t s t h e n a s c e n t p r o t e i n s to t h e m e m 
b r a n e of t h e e n d o p l a s m i c r e t i c u l u m ( E R ) . Spec i f ic b i n d i n g o f 
t h e r i b o s o m e - n a s c e n t c h a i n - S R P c o m p l e x to t h e E R m e m b r a n e 
occurs t h r o u g h b i n d i n g to t h e m e m b r a n e - b o u n d S R P recep tor 
(a lso ca l l ed d o c k i n g p r o t e i n ) ( G i l m o r e et al., 1982; M e y e r et al., 
1982). A f t e r S R P d i s p l a c e m e n t a n d i n s e r t i o n of t h e n a s c e n t 
c h a i n i n t o t h e t r a n s l o c a t i o n c o m p l e x , t h e s igna l s e q u e n c e is 
c o t r a n s l a t i o n a l l y c l e a v e d (B lobe l a n d D o b b e r s t e i n , 1975b) , a n d 
t h e m a t u r e p a r t of t h e p r o t e i n i s t r a n s l o c a t e d in to t h e l u m e n of 
t h e E R . 

A l t h o u g h s igna l sequences d i s p l a y a l m o s t no sequence s imi 
lar i t ies , t h e y s h a r e s o m e c o m m o n features . T h e y can b e f o u n d at 
t h e a m i n o t e r m i n u s of t h e respec t i ve prote ins a n d consist i n m o s t 
cases of 2 0 - 3 0 a m i n o acid res idues . F u r t h e r m o r e , t h e y u s u a l l y 
s h o w a character i s t ic t r ipar t i te s t ructure ; a pos i t i ve ly c h a r g e d 
a m i n o - t e r m i n a l reg ion precedes a centra l h y d r o p h o b i c core, 
w h i c h is f o l l owed b y a C O O H - t e r m i n a l po lar region t h a t conta ins 
t h e c l e a v a g e site for t h e s ignal p e p t i d a s e (von Hei jne , 1985). 

T h e m i c r o s o m a l s i g n a l p e p t i d a s e h a s b e e n pur i f i ed a s a 
c o m p l e x of f i ve s u b u n i t s ( s igna l p e p t i d a s e c o m p l e x ( S P C ) ) w i t h 
a p p a r e n t m o l e c u l a r m a s s e s o f 12, 18, 21, 22 /23 , a n d 25 k D a 
( E v a n s et al., 1986). T h e 1 8 - k D a a n d t h e 2 1 - k D a s u b u n i t s , 
S P C 18 a n d S P C 2 1 , a r e m a m m a l i a n h o m o l o g u e s of t h e Esche-
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richia coli l e a d e r p e p t i d a s e ( v a n D i j l et al., 1992) , w h i c h 
p e r f o r m s t h e s i g n a l s e q u e n c e c l e a v a g e a s a s i n g l e p r o t e i n 
( Z w i z i n s k i a n d W i c k n e r , 1980). B o t h s u b u n i t s a r e a lso h o m o l 
o g o u s to t h e y e a s t S E C 1 1 p r o t e i n ( G r e e n b u r g et al., 1989; 
S h e l n e s s a n d Blobe l , 1990) , w h i c h i s a n e s s e n t i a l c o m p o n e n t o f 
t h e s i g n a l p e p t i d a s e c o m p l e x i n Saccharomyces cerevisiae 
( B o h n i et al., 1988). A l l l e a d e r p e p t i d a s e h o m o l o g u e s c o n t a i n a 
h i g h l y c o n s e r v e d s e r i n e r e s i d u e t h a t i s s u p p o s e d to c a t a l y z e t h e 
a c t u a l s i g n a l p e p t i d a s e r e a c t i o n ( S u n g a n d D a l b e y , 1992). 

I n E. coli, c l e a v e d s i g n a l p e p t i d e s a r e d i g e s t e d b y s igna l 
p e p t i d e p e p t i d a s e s ( H u s s a i n et al., 1982). T h i s d e g r a d a t i o n i s 
t h o u g h t to b e i n i t i a t e d b y m e m b r a n e - b o u n d p r o t e a s e I V , w h i c h 
c l e a v e s t h e p e p t i d e w i t h i n t h e h y d r o p h o b i c core ( N o v a k a n d 
D e v , 1988). T h e r e s u l t i n g f r a g m e n t s c a n b e r e l e a s e d i n to t h e 
cy toso l a n d f u r t h e r h y d r o l y z e d b y o l i g o p e p t i d a s e A ( N o v a k a n d 
D e v , 1988). B o t h s i g n a l p e p t i d e p e p t i d a s e s a r e e n d o p r o t e a s e s 
a n d a c c o u n t for t h e m a j o r i t y of s i g n a l p e p t i d e d e g r a d i n g act i v 
i t y in vitro ( N o v a k et al., 1986). 

M o s t l i ke l y , s i g n a l p e p t i d e s a r e a l so d e g r a d e d i n e u k a r y o t i c 
cel ls ( H a b e n e r et al., 1979), b u t t h e process i t se l f , t h e e n z y m e s 
i n v o l v e d , a n d t h e s i tes of c l e a v a g e h a v e not y e t b e e n e luc ida ted . 
W e s h o w h e r e t h a t t h e p r e p r o l a c t i n ( P P L ) s i g n a l p e p t i d e i s 
f u r t h e r p r o c e s s e d i n r o u g h m i c r o s o m e s . T h e r e s u l t i n g C O O H -
t e r m i n a l s i g n a l p e p t i d e f r a g m e n t cou ld be de tec ted i n t h e cy 
tosol ic f r ac t i on o f t r a n s l o c a t i o n a s s a y s . F u r t h e r r e s u l t s s u g g e s t 
t h a t s i g n a l p e p t i d e p r o c e s s i n g is r e q u i r e d a l t h o u g h n o t suf f i 
c i en t for t h e r e l e a s e o f t h e s i g n a l p e p t i d e f r o m t h e m e m b r a n e . 

EXPERIMENTAL PROCEDURES 

Materials—Restriction enzymes and cycloheximide were from Boeh-
ringer Mannheim G m b H (Mannheim, Germany). m7G(5')ppp(5')G (cap 
analogue) was supplied by N e w England Biolabs G m b H (Schwalbach, 
Germany), and [35S]methionine and [36S]cysteine were from Amersham 
Buchler G m b H (Braunschweig, Germany). Puromycin was supplied by 
Sigma-Aldrich Vertriebs G m b H (Deisenhofen, Germany), and protein
ase K was supplied by E. Merck (Darmstadt, Germany). 

Plasmids and Transcription—The plasmid encoding P P L has been 
previously described (High et al., 1993). Codons 12 and 13 of the coding 
region were replaced by two methionine (ATG) codons using overlap 
extension polymerase chain reaction (Ho et al., 1989) to yield the 
P P L M M mutant. m R N A coding for full-length P P L and PPL86 was 
produced by linearizing the plasmid with EcoRI and PvuW, respectively, 
and subsequent transcription with T 7 R N A polymerase. Transcription 
was performed at 42 °C in the presence of 500 nM m7G(5')ppp(5')G. 

Translation and Translocation—Translation was performed in 
wheat germ extract for 15 min at 25 °C in the presence of [36S]methi-
onine or [35S]cysteine, SRP, and dog pancreatic rough microsomes or 
reconstituted vesicles. SRP, rough microsomes, and reconstituted ves
icles were prepared as previously described (Walter and Blobel, 1983a, 
1983b; Gbrlich and Rapoport, 1993). 

After translation of PPL86, samples were put on ice, and the salt 
concentration was raised to 500 mM KOAc. The samples were incubated 
for 5 min on ice and layered on top of a 50-/LI1 cushion containing 500 mM 
sucrose, 500 mM KOAc, 50 mM Hepes-KOH, pH 7.9, 5 mM Mg(OAc)2 , 
and 1 mM dithiothreitol. Membranes were pelleted by a 3-min centrif-
ugation at 48,000 rpm and 4 °C in a Beckman T L A 100 rotor. Recon
stituted vesicles were sedimented twice through a cushion containing 
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PPL wt: MDSKGSSQKGS R L LLLLWSNLLLCQGWS 
PPL MM: MDSKGSSQKGS M M LLLLWSNLLLCQGWS 

1 2 3 4 

RM + + -
mRNA wt wt MM MM 

FIG. 1. C h a r a c t e r i z a t i o n o f P P L M M . A, p r imary s tructure of the 
signal sequences of P P L and P P L M M . A l te red a m i n o acids are shown in 
boldface. B, s ignal sequence cleavage of P P L and P P L M M . P P L wi ld 
type m R N A (lanes 1 a n d 2 ) or P P L M M m R N A (lanes 3 and 4) w a s 
t rans la ted in the absence (lanes 1 and 4) or presence (lanes 2 and 3) of 
rough microsomes (RM). [ : i r>S]Methionine-labeled t rans la t ion products 
were separated by SDS -po l yacry l amide gel electrophoresis and v i sua l 
ized by phospho imaging . 

only 100 m u sucrose under otherwise identical condit ions. The super-
na tan t s were removed, and the pel lets were resuspended in a buf fer 
conta in ing 20 mM H e p e s - K O H , p H 7.9, 70 m » K O A c , 10 mM KC1, 3 m u 
M g ( 0 A c ) 2 , 200 /t.M G T P , and 1 mM dithiothrei to l . Nascent cha ins were 
released from r ibosomes by the addi t ion of puromyc in , p H 7.9, to the 
final concentrat ion of 1 mM and by a 12-min incubat ion at 28 °C. 
M e m b r a n e s were pelleted by centr i fuging trans locat ion assays for 3 
m in at 48,000 rpm and 4 °C in a B e c k m a n T L A 100 rotor. 

Prote inase K t rea tment w a s performed by incubat ing trans locat ion 
assays for 10 m i n at 25 °C in the presence of 300 jxg/ml proteinase K . 
For controls, prote inase K was omi t ted or added in the presence of 1% 
Tr i ton X-100. 

Analysis of Translation and Translocation Products—Full-length 
P P L was ana lyzed in 12.5% acry lamide gels according to L a e m m l i 
(1970). P P L 8 6 and its processed products were separated in 16.5% T , 
3% C gels according to Schagger and von J a g o w (1987). Labe led pro
te ins were v i sua l i zed by autorad iography or a Fu j i phospho imager 
BAS1000 . Radioact iv i ty in respective bands was quant i f ied us ing the 
phospho imager and Fu j i M a c B A S V 1 . 0 software. T h e a m o u n t of radio
act iv i ty w a s determined in the area of re levant peptides, and the 
corresponding a m o u n t in lanes conta in ing unprocessed P P L 8 6 w a s 
subtracted as background. 

P P L signal peptide-specif ic molecu lar weight m a r k e r s were produced 
by in vitro t ranscr ipt ion/ t rans lat ion of P P L T A G 1 8 , P P L T A G 2 5 (High 
et al., 1993), and P P L 3 0 (synthes ized by po lymerase cha in reaction 
ampl i f icat ion according to Ni l sson et al. (1994)). 

R E S U L T S 

Characterization of the PPLMM Mutant—Signal s e q u e n c e 
c l e a v a g e a n d p r o c e s s i n g w a s s t u d i e d i n a n in vitro s y s t e m t h a t 
r e l i e s o n t r a n s l a t i o n i n w h e a t g e r m e x t r a c t i n t h e p r e s e n c e o f 
r a d i o a c t i v e a m i n o a c i d s (e.g. [ 3 5 S | m e t h i o n i n e ) a n d d o g p a n c r e 
a t i c r o u g h m i c r o s o m e s . F o r b e t t e r d e t e c t i o n o f t h e c l e a v e d 
s i g n a l p e p t i d e , a p r e p r o l a c t i n m u t a n t w i t h t w o a d d i t i o n a l m e 
t h i o n i n e s w i t h i n t h e s i g n a l s e q u e n c e w a s c o n s t r u c t e d 
( P P L M M , F i g . LA ) . T o t e s t w h e t h e r t h e s i g n a l s e q u e n c e o f t h i s 
m u t a n t i s c l e a v e d b y s i g n a l p e p t i d a s e , m R N A e n c o d i n g 
P P L M M w a s t r a n s l a t e d i n t h e p r e s e n c e o f r o u g h m i c r o s o m e s . 
A s c a n b e s e e n i n F i g . I B , s i g n a l p e p t i d e c l e a v a g e f o r t h i s 
m u t a n t i s a s e f f i c i e n t a s f o r t h e w i l d t y p e ( c o m p a r e lane 3 a n d 
lane 2). T h u s , t h e m u t a n t c a n b e u s e d f o r t h e i n t e n d e d i n v e s 
t i g a t i o n w i t h t h e a d v a n t a g e o f a m o r e e a s i l y d e t e c t a b l e s i g n a l 
p e p t i d e . 

Identification of the Processed Preprolactin Signal Peptide— 
F o r t h e a n a l y s i s o f t h e s i g n a l p e p t i d e , t h e p l a s m i d s e n c o d i n g 
P P L a n d P P L M M , r e s p e c t i v e l y , w e r e l i n e a r i z e d w i t h i n t h e i r 
c o d i n g s e q u e n c e b y Pvull a n d t r a n s c r i b e d in vitro. T h e r e s u l t 
i n g t r u n c a t e d m R N A s c o d e f o r t h e a m i n o - t e r m i n a l 8 6 a m i n o 
a c i d s o f P P L ( P P L 8 6 ) . S i n c e t h e s e m R N A s l a c k a s t o p c o d o n , 
n o r m a l t e r m i n a t i o n o f t r a n s l a t i o n c a n n o t o c c u r , a n d t h e n a s -

SN P P P P 
CHI Puro Puro 

mRNA MM MM MM MM w t 

FIG. 2. P u r o m y c i n re lease of r i bosome-bound P P L 8 6 . A , 
P P L M M 8 6 m R N A (lanes 1-4) or P P L 8 6 m R N A (lane 5) was trans lated 
in the presence of S R P and R M . A f te r t rans lat ion , m e m b r a n e s were 
sed imented through a h igh salt sucrose cushion. T h e superna tan t (SN, 
lane 1) w a s removed, and the pellet (P, lane 2) w a s resuspended and 
incubated wi th 4 mM cycloheximide (CHI, lane 3) or 1 mM puromycin 
(Puro, lane 4). B, quant i f icat ion of the resul ts shown in panel A, lanes 
3-5. T h e a m o u n t of radioact iv i ty in the area of P P L 8 5 , PL56 , and P S P 
w a s determined by us ing the phospho imager as described under "Ex 
per imenta l Procedures." T h e a m o u n t of radioact iv i ty in unprocessed 
P P L 8 6 (A, lane 2) was taken as 100%. 

c e n t c h a i n s r e m a i n b o u n d t o t h e r i b o s o m e s a s p e p t i d y l - t R N A 
( G i l m o r e et al., 1 9 9 1 ) . W h e n t r a n s l a t i o n t a k e s p l a c e i n t h e 
p r e s e n c e o f S R P a n d r o u g h m i c r o s o m e s , n a s c e n t c h a i n s b e c o m e 
f u n c t i o n a l l y i n s e r t e d i n t o t r a n s l o c a t i o n c o m p l e x e s . S i n c e r i b o 
s o m e - b o u n d , m e m b r a n e - i n s e r t e d P P L 8 6 i s t o o s h o r t t o b e 
c l e a v e d b y s i g n a l p e p t i d a s e , i t a c c u m u l a t e s i n i t s u n p r o c e s s e d 
f o r m . U n r e l a t e d p o l y p e p t i d e s t h a t a r e a l s o p r e s e n t i n o u r 
t r a n s l o c a t i o n a s s a y a n d i n t e r f e r e w i t h t h e a n a l y s i s o f t h e s i g 
n a l p e p t i d e w e r e r e m o v e d b y s e d i m e n t i n g t h e m i c r o s o m e s 
t h r o u g h a h i g h s a l t s u c r o s e c u s h i o n ( F i g . 2 A , lanes 1 a n d 2). 

W h e n n a s c e n t c h a i n s a r e r e l e a s e d f r o m t h e r i b o s o m e s b y 
p u r o m y c i n , t h e y b e c o m e t r a n s l o c a t e d a c r o s s t h e m i c r o s o m a l 
m e m b r a n e ( R e d m a n a n d S a b a t i n i , 1 9 6 6 ) , a n d t h e i r s i g n a l se 
q u e n c e i s c l e a v e d . A c c o r d i n g l y , w e d e t e c t e d t w o p e p t i d e s w i t h 
a p p a r e n t m o l e c u l a r m a s s e s o f a b o u t 5 a n d 3 k D a ( F i g . 2 A , lanes 
4 a n d 5 ) r e p r e s e n t i n g t h e m a t u r e p a r t o f P P L 8 6 ( P L 5 6 ) g e n e r 
a t e d b y s i g n a l s e q u e n c e c l e a v a g e b e t w e e n a m i n o a c i d r e s i d u e s 
3 0 a n d 3 1 ( S a s a v a g e et al., 1 9 8 2 ) a n d t h e p r o c e s s e d s i g n a l 
p e p t i d e ( P S P ) , r e s p e c t i v e l y . P r o c e s s i n g w a s o n l y o b s e r v e d w h e n 
p u r o m y c i n w a s a d d e d a n d d i d n o t o c c u r i n t h e p r e s e n c e o f 
c y c l o h e x i m i d e ( F i g . 2 A , lane 3). T h e r a t i o s o f l a b e l i n t h e 5 - a n d 
3 - k D a p e p t i d e s w e r e r o u g h l y 1 :1 f o r t h e M M m u t a n t ( F i g . 2B, 
lane 4) a n d 3 : 1 f o r t h e w i l d t y p e ( F i g . 2B, lane 5 ) . T h e s e r a t i o s 
a r e c o n s i s t e n t w i t h t h e m e t h i o n i n e c o n t e n t o f P L 5 6 ( t h r e e 
m e t h i o n i n e s ) a n d o f t h e p r o c e s s e d s i g n a l p e p t i d e ( t h r e e m e t h i 
o n i n e s i n M M m u t a n t , o n e i n w i l d t y p e ) . 

Localization of the Processed Signal Peptide—To d e t e r m i n e 
w h e t h e r t h e p r o c e s s e d s i g n a l p e p t i d e i s e x p o s e d t o t h e c y t o 
p l a s m i c s u r f a c e o f m i c r o s o m e s , w e t r e a t e d t r a n s l o c a t i o n a s s a y s 



Fate of a Cleaved Signal Sequence 19875 
2 

PPL86-

PL56-

PSP-
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TX-100 
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PPL86 

PL56 

•PSP 

tot. SN 
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FIG. 3. Loca l i z a t i on o f the processed s ignal pept ide . A , protein
ase K t rea tment of microsomal membranes . Microsomes conta in ing 
puromycin -re leased P P L M M 8 6 (lane 1) were incubated wi th proteinase 
K in the absence {lane 2) or presence (lane 3) of Tr i ton X-100. B, 
pel let ing of microsomes. A s s a y s conta in ing rough microsomes and 
membrane - inser ted P P L M M 8 6 were centr i fuged directly (lanes 1-3) or 
after t rea tment w i th puromyc in (lanes 4-6) and separated into super
na tan t (lanes 2 and 5) and pel let (lanes 3 and 6). 

w i t h p r o t e i n a s e K . A s c a n b e s e e n i n F i g . 3 A , lane 2, P L 5 6 b u t 
n o t t h e P S P w a s p r o t e c t e d a g a i n s t p r o t e o l y s i s . T h i s i n d i c a t e s 
t h a t P L 5 6 w a s t r a n s l o c a t e d i n t o t h e l u m e n o f t h e m i c r o s o m e s , 
w h e r e a s t h e P S P w a s i n t h e c y t o s o l o r o n t h e c y t o p l a s m i c 
s u r f a c e o f t h e m e m b r a n e s . 

W h e n m e m b r a n e s w e r e p e l l e t e d a f t e r p u r o m y c i n r e l e a s e , t h e 
P S P w a s f o u n d i n t h e s u p e r n a t a n t ( F i g . 3 B , lane 5 ) , w h e r e a s 
P L 5 6 w a s f o u n d i n t h e m i c r o s o m a l p e l l e t ( F i g . 3B, lane 6). W e 
t h e r e f o r e c o n c l u d e t h a t t h e P S P i s r e l e a s e d i n t o t h e c y t o s o l . 

Characterization of the Processed Signal Peptide—To d e t e r 
m i n e t h e a p p a r e n t s i z e o f t h e p r o c e s s e d s i g n a l p e p t i d e , w e 
s y n t h e s i z e d m a r k e r p e p t i d e s r e p r e s e n t i n g t h e i n t a c t P P L s i g 
n a l p e p t i d e ( 3 0 a m i n o a c i d r e s i d u e s ) o r a m i n o - t e r m i n a l f r a g 
m e n t s o f 2 4 a n d 17 a m i n o a c i d r e s i d u e s , r e s p e c t i v e l y . P a r a l l e l 
a n a l y s i s o f t h e s e p e p t i d e s w i t h p u r o m y c i n - r e l e a s e d w i l d t y p e 
P P L 8 6 ( F i g . 4 A ) r e v e a l e d t h a t t h e P S P i s n o t t h e i n t a c t s i g n a l 
p e p t i d e b u t o n l y a f r a g m e n t o f a b o u t 2 0 a m i n o a c i d r e s i d u e s . 
S i n c e t h e o n l y m e t h i o n i n e i n t h e w i l d t y p e P P L s i g n a l s e q u e n c e 
i s t h e i n i t i a t i n g m e t h i o n i n e , t h e f r a g m e n t m u s t b e C O O H -
t e r m i n a l l y t r u n c a t e d . 

T h i s c o n c l u s i o n w a s c o n f i r m e d b y l a b e l i n g P P L 8 6 w i t h 
[ 3 R S ] c y s t e i n e . T h e s i g n a l s e q u e n c e o f P P L c o n t a i n s o n e c y s t e i n e 
a t p o s i t i o n 2 5 , a n d P L 5 6 c o n t a i n s t w o c y s t e i n e s . I f t h e s i g n a l 
p e p t i d e w e r e t r u n c a t e d a m i n o - t e r m i n a l l y o f c y s t e i n e 2 5 , t h e 
P S P s h o u l d n o t b e d e t e c t a b l e o n g e l s . I n d e e d , a f t e r p u r o m y c i n 
t r e a t m e n t o f c y s t e i n e - l a b e l e d P P L 8 6 , P L 5 6 a c c u m u l a t e d , 
w h e r e a s t h e P S P r e m a i n e d i n v i s i b l e ( F i g . 4B, lane 2). 

Time Dependence of Signal Sequence Processing and Re
lease—To i n v e s t i g a t e t h e t i m e d e p e n d e n c e o f s i g n a l s e q u e n c e 
p r o c e s s i n g , w e p e r f o r m e d a p u l s e - c h a s e e x p e r i m e n t . N a s c e n t 
c h a i n s w e r e r e l e a s e d f r o m t h e r i b o s o m e s b y t h e a d d i t i o n o f 
p u r o m y c i n f o l l o w e d b y a n i n c u b a t i o n a t 2 5 ° C . A t t h e t i m e 
p o i n t s i n d i c a t e d , a l i q u o t s w e r e t a k e n a n d f r o z e n i n l i q u i d n i 
t r o g e n . S a m p l e s w e r e t h e n t h a w e d o n i ce , s e p a r a t e d i n t o s u 
p e r n a t a n t a n d p e l l e t , a n d c h a r a c t e r i z e d b y S D S - p o l y a c r y l -
a m i d e g e l e l e c t r o p h o r e s i s ( F i g . 5) . 1 m i n a f t e r t h e a d d i t i o n o f 
p u r o m y c i n , P L 5 6 a n d t w o s m a l l p e p t i d e s o f a b o u t 3 k D a w e r e 
d e t e c t e d i n t h e m i c r o s o m a l p e l l e t ( F i g . 5 , lane 4). D u e t o i t s 
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FIG. 4. C h a r a c t e r i z a t i o n of the processed signal pept ide . A , 
paral le l electrophoretic ana lys i s of puromycin-re leased wild type 
P P L 8 6 (lane 2) and m a r k e r pept ides (lanes 1 and 3). B, cysteine label ing 
of P P L 8 6 and its processed products. P P L M M 8 6 m R N A was translated 
in the presence of [ : , sS]cysteine (lanes 1 and 2) or [•'''Slmethionine (lane 
3). T h e assay w a s performed as described for Fig. 2A. 
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FIG. 5. Pu l se -chase e xper iment . Nascent P P L M 8 6 was released 
from the r ibosomes by puromyc in and incubated at 25 °C. A l iquots were 
taken at the t ime points indicated and separated into supernatant (SN) 
and pellet (P). Lane 15 shows in vitro synthes ized intact s ignal peptide 
(PPL30) . 

a p p a r e n t c o m i g r a t i o n w i t h in vitro s y n t h e s i z e d i n t a c t s i g n a l 
p e p t i d e ( F i g . 5 , lane 15), w e d e s i g n a t e d t h e s l o w e r m i g r a t i n g 
p e p t i d e s i g n a l p e p t i d e ( S P ) . O v e r t i m e , t h e a m o u n t o f t h e S P 
d e c r e a s e d , w h e r e a s t h e P S P b e c a m e t h e p r e d o m i n a n t s m a l l 
p r o c e s s i n g p r o d u c t , w h i c h w a s g r a d u a l l y r e l e a s e d i n t o t h e s u 
p e r n a t a n t ( F i g . 5 , lane 13). T h i s s u g g e s t s t h a t t h e c l e a v e d 
s i g n a l p e p t i d e i s p r o c e s s e d t o t h e P S P d u r i n g t h e c h a s e . F u r 
t h e r m o r e , t h e P S P i s r e t a i n e d i n t h e m i c r o s o m e s for s e v e r a l 
m i n u t e s p r i o r t o i t s r e l e a s e i n t o t h e c y t o s o l . 

Signal Sequence Processing in Reconstituted Vesicles—Nei
t h e r t h e i n c u b a t i o n o f t r a n s l o c a t i o n a s s a y s w i t h s e v e r a l s t a n d 
a r d p r o t e a s e i n h i b i t o r s ( p h e n y l m e t h y l s u l f o n y l f l u o r i d e , E D T A , 
c h y m o s t a t i n , l e u p e p t i n , a p r o t i n i n , p e p s t a t i n ) n o r t h e u s e o f 
c o n t e n t - d e p l e t e d m i c r o s o m e s a f f e c t e d t h e g e n e r a t i o n a n d s i z e 
o f t h e P S P ( d a t a n o t s h o w n ) . T h e l a t t e r f i n d i n g s u g g e s t s t h a t 
t h e s i g n a l p e p t i d e p r o c e s s i n g a c t i v i t y r e s i d e s i n t h e m e m b r a n e 
f r a c t i o n o f m i c r o s o m e s . T o c h a r a c t e r i z e t h i s a c t i v i t y , w e u s e d 
r e c o n s t i t u t e d v e s i c l e s c o n t a i n i n g t h e m i n i m a l c o m p o n e n t s f o r 
P P L t r a n s l o c a t i o n , S e c 6 1 a n d S R P r e c e p t o r ( G o r l i c h a n d R a p -
o p o r t , 1 9 9 3 ) , a n d t h e m i c r o s o m a l S P C . P r o t e o l i p o s o m e s w e r e 
r e c o n s t i t u t e d f r o m p u r i f i e d S e c 6 1 c o m p l e x , p u r i f i e d S R P r e c e p 
t o r , p u r i f i e d S P C , a n d a m i x t u r e o f p h o s p h o l i p i d s . T h e S P C 
p r e p a r a t i o n u s e d f o r r e c o n s t i t u t i o n s h o w s t h e c h a r a c t e r i s t i c 
c o m p o s i t i o n w i t h p r o t e i n s o f 12 , 18 , 2 1 , 2 2 / 2 3 , a n d 2 5 k D a 
( E v a n s et al., 1 9 8 6 ) ( F i g . 6 A ) . R e c o n s t i t u t e d v e s i c l e s w e r e 
t e s t e d b y in vitro t r a n s l a t i o n o f P P L i n t h e p r e s e n c e o f S R P 
( F i g . 6B). P o s t t r a n s l a t i o n a l t r e a t m e n t o f t h e a s s a y m i x t u r e 
w i t h p r o t e i n a s e K ( F i g . 6 B , lanes 4-6) r e v e a l e d p r o t e c t i o n o f 
p r o c e s s e d P P L a g a i n s t p r o t e o l y t i c d i g e s t i o n ( F i g . 6B, lane 6). 
T h i s p r o v e s t h e r e c o n s t i t u t e d v e s i c l e s t o b e c o m p e t e n t f o r m e m 
b r a n e t r a n s l o c a t i o n a n d s i g n a l s e q u e n c e c l e a v a g e . 

T o a s s a y f o r s i g n a l p e p t i d e p r o c e s s i n g b y t h e r e c o n s t i t u t e d 
v e s i c l e s , w e u s e d m e m b r a n e - i n s e r t e d a n d p u r o m y c i n - r e l e a s e d 



19876 Fate of a Cleaved Signal Sequence 

P P L 8 6 . W h e n r e c o n s t i t u t e d v e s i c l e s c o n t a i n i n g o n l y S e c 6 1 a n d 
S R P r e c e p t o r w e r e u s e d , n o p r o c e s s i n g o f P P L M M 8 6 w a s o b 
s e r v e d ( F i g . 1A, lane 1). W h e n r e c o n s t i t u t e d v e s i c l e s c o n t a i n i n g 
S e c 6 1 , S R P r e c e p t o r , a n d S P C w e r e u s e d , a p e p t i d e o f a b o u t 5 
k D a a n d , s i m i l a r t o e a r l y s t e p s i n m i c r o s o m e s ( F i g . 5 , lane 4), 
t w o p e p t i d e s o f a b o u t 3 k D a w e r e g e n e r a t e d ( F i g . 7 A , lane 2). 
T h e 5 - k D a p e p t i d e a n d t h e f a s t e r m i g r a t i n g 3 - k D a p e p t i d e 
c o m i g r a t e d w i t h P L 5 6 a n d t h e P S P , r e s p e c t i v e l y ( F i g . IB, lanes 
4 a n d 5). H o w e v e r , t h e S P * i s n o t t h e i n t a c t s i g n a l p e p t i d e , a s 
i t e x h i b i t s a s l i g h t l y h i g h e r e l e c t r o p h o r e t i c m o b i l i t y w h e n c o m 
p a r e d t o in vitro s y n t h e s i z e d i n t a c t s i g n a l p e p t i d e ( P P L 3 0 , F i g . 
7 C ) . T h u s , r e c o n s t i t u t e d v e s i c l e s c a n p r o c e s s t h e s i g n a l s e 
q u e n c e ; h o w e v e r , t h e p r o c e s s i n g s i t e s d i f f e r f r o m t h o s e i n m i 
c r o s o m e s . F u r t h e r m o r e , t h e c o n s i d e r a b l e a m o u n t o f S P * s u g 
g e s t s t h a t s i g n a l p e p t i d e p r o c e s s i n g i s i n e f f i c i e n t i n 
r e c o n s t i t u t e d v e s i c l e s . 

W h e n r e c o n s t i t u t e d v e s i c l e s w e r e p e l l e t e d a f t e r p u r o m y c i n 
t r e a t m e n t , t h e P S P w a s f o u n d i n t h e s u p e r n a t a n t ( F i g . 8 , lane 
5), w h e r e a s P L 5 6 a n d t h e S P * w e r e d e t e c t e d i n t h e p e l l e t ( F i g . 
8 , lane 6). T h i s s u g g e s t s t h a t t h e P S P i s r e l e a s e d i n t o t h e 
c y t o s o l b y r e c o n s t i t u t e d v e s i c l e s , w h e r e a s t h e S P * i s a s s o c i a t e d 
w i t h t h e m e m b r a n e s . 

DISCUSSION 

T h e c h a r a c t e r i z a t i o n o f t h e f a t e o f s i g n a l s e q u e n c e s a f t e r t h e i r 
c l e a v a g e f r o m n a s c e n t p o l y p e p t i d e s i s d i f f i c u l t f o r s e v e r a l r e a 
s o n s : 1) n o a n t i b o d i e s c o u l d y e t b e r a i s e d a g a i n s t a n y s i g n a l 
p e p t i d e , a n d t h u s t h e i r i d e n t i f i c a t i o n p r e s e n t s a m a j o r p r o b l e m ; 
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FIG. 6. M e m b r a n e t rans locat ion a n d s ignal s equence c l eavage 
b y recons t i tu ted vesic les . A , protein composit ion of the S P C prepa
rat ion used for reconst i tut ion. T h e proteins were separated on a 16% 
acry lamide gel and s ta ined with Coomass ie Br i l l i an t B lue . B , t rans lo 
cation into reconst i tuted vesicles. P P L m R N A was t rans la ted in the 
presence of S R P and m e m b r a n e buffer (lanes 1 and 4) or reconst i tuted 
vesicles conta in ing Sec61 and S R P receptor (lanes 2 and 5) or reconsti 
tuted vesicles conta in ing Sec61, S R P receptor, and S P C (lanes 3 and 6). 
Af ter t rans lat ion , ha l f of the samples were treated wi th prote inase K 
(lanes 4-6). 

2) s i g n a l p e p t i d e s a r e s m a l l a n d h a v e t o b e d i s t i n g u i s h e d f r o m 
s m a l l p e p t i d e s a c c u m u l a t i n g i n t r a n s l a t i o n s y s t e m s a s a r e s u l t o f 
p r e m a t u r e c h a i n t e r m i n a t i o n ; 3 ) s i g n a l p e p t i d e s c a n u s u a l l y n o t 
b e l a b e l e d e f f i c i e n t l y a s t h e y c o n t a i n o n l y f e w m e t h i o n i n e or 
c y s t e i n e r e s i d u e s for l a b e l i n g w i t h : i 5 S; a n d 4 ) s i g n a l p e p t i d e s a r e 
p r o b a b l y v e r y r a p i d l y f u r t h e r p r o c e s s e d , m a k i n g i t n e c e s s a r y t o 
i d e n t i f y a l s o f r a g m e n t s d e r i v e d f r o m p r o c e s s i n g r e a c t i o n s . 

Signal Sequence Processing in Microsomes—The in vitro 
t r a n s l o c a t i o n / p r o c e s s i n g s y s t e m w e d e s c r i b e h e r e m a k e s u s e o f 
a m u t a n t s e c r e t o r y p r o t e i n w i t h t w o a d d i t i o n a l m e t h i o n i n e 
r e s i d u e s w i t h i n i t s s i g n a l s e q u e n c e . T h i s a l l o w e d a c o m p a r a 
t i v e l y e a s y d e t e c t i o n o f t h e p r o c e s s e d s i g n a l p e p t i d e a n d p r o 
v i d e d c i r c u m s t a n t i a l e v i d e n c e f o r i t s i d e n t i t y b y c o m p a r i s o n to 
t h e w i l d t y p e p e p t i d e . T o o v e r c o m e t h e p r o b l e m w i t h u n r e l a t e d 
s m a l l p e p t i d e s i n t h e r e a c t i o n m i x t u r e , w e u s e d a t w o s t a g e in 
vitro s y s t e m . I n t h e first s t a g e , n a s c e n t P P L 8 6 w a s i n s e r t e d 
i n t o m e m b r a n e s w i t h s i g n a l p e p t i d a s e b e i n g u n a b l e t o c l e a v e 
t h e s i g n a l s e q u e n c e . M e m b r a n e - i n s e r t e d c h a i n s w e r e p u r i f i e d 
b y c e n t r i f u g a t i o n , t h u s l e a v i n g u n r e l a t e d s m a l l p e p t i d e s i n t h e 
s u p e r n a t a n t . I n a s e c o n d r e a c t i o n , t r a n s l o c a t i o n a n d s i g n a l 
p e p t i d e c l e a v a g e w e r e i n d u c e d b y l i b e r a t i o n o f t h e n a s c e n t 
c h a i n s f r o m t h e r i b o s o m e s b y p u r o m y c i n . T h i s a l l o w e d a l s o t h e 
s y n c h r o n i z a t i o n o f t h e t r a n s l o c a t i o n a n d p r o c e s s i n g r e a c t i o n s . 

T h e P P L s i g n a l p e p t i d e f r a g m e n t g e n e r a t e d b y m i c r o s o m e s 
a n d r e l e a s e d i n t o t h e c y t o s o l c o m p r i s e s t h e a m i n o - t e r m i n a l , 
r o u g h l y 2 0 a m i n o a c i d r e s i d u e s o f t h e s i g n a l s e q u e n c e . T h e 
a p p r o x i m a t e s i z e w a s e s t i m a t e d f r o m a c o m p a r i s o n w i t h d e 
fined a m i n o - t e r m i n a l P P L s i g n a l p e p t i d e f r a g m e n t s a s s t a n d 
a r d s . A c c o r d i n g t o o u r s i z e e s t i m a t i o n , c l e a v a g e o c c u r s b e t w e e n 
t h e t w o l e u c i n e c l u s t e r s i n t h e m i d d l e o f t h e h y d r o p h o b i c c o r e o f 
t h e P P L s i g n a l p e p t i d e ( s e e F i g . L 4 ) . T h i s i n d i c a t e s t h a t t h e 
m a m m a l i a n s i g n a l p e p t i d e p e p t i d a s e l i k e i t s E. coli c o u n t e r 
p a r t c l e a v e s t h e s i g n a l p e p t i d e i n t h e h y d r o p h o b i c core . 

A f t e r s h o r t i n c u b a t i o n w i t h p u r o m y c i n , t h e a p p a r e n t l y i n t a c t 
S P a c c u m u l a t e d a n d w a s p r o c e s s e d t o t h e P S P o v e r t i m e . 
I n i t i a l l y , t h e S P a s w e l l a s t h e P S P w e r e a s s o c i a t e d w i t h t h e 
m i c r o s o m e s . O n l y a f t e r p r o l o n g e d i n c u b a t i o n , t h e P S P w a s 
r e l e a s e d i n t o t h e s u p e r n a t a n t , w h e r e a s t h e S P s t a y e d i n t h e 
p e l l e t . T h i s s u g g e s t s t h a t c l e a v a g e w i t h i n t h e h y d r o p h o b i c c o r e 
o f t h e s i g n a l p e p t i d e i s r e q u i r e d a l t h o u g h n o t s u f f i c i e n t f o r i t s 
r e l e a s e f r o m t h e m e m b r a n e a n d i n d i c a t e s t h a t t h e P S P u n d e r 
g o e s a t i m e - d e p e n d e n t r e l e a s e i n t o t h e c y t o s o l . T h e r e l e a s e o f 
t h e P S P m i g h t b e i m p o r t a n t f o r s u b s e q u e n t p o l y p e p t i d e t r a n s 
l o c a t i o n a c r o s s t h e m e m b r a n e , a n o t i o n b e i n g s u p p o r t e d b y t h e 
finding t h a t i n h i b i t i o n o f E. coli s i g n a l p e p t i d e p e p t i d a s e r e 
s u l t s i n i n h i b i t i o n o f t r a n s l o c a t i o n ( C h e n a n d T a i , 1 9 8 9 ) . D e g 
r a d a t i o n o f s i g n a l p e p t i d e s m i g h t t h u s c o n t r i b u t e t o t h e m a i n 
t e n a n c e o f f a s t a n d e f f i c i e n t p r o t e i n t r a n s l o c a t i o n a c r o s s t h e E R 
m e m b r a n e . 

FIG. 7. P rocess ing of P P L 8 6 b y re
const i tu ted ves ic les . A , puromyc in re
lease of P P L M M 8 6 bound to reconst i tuted 
vesicles w i th (lane 2) or w i thout (lane 1) 
SPC . B , P P L M M 8 6 m R N A w a s t rans la ted 
in the presence of S R P and reconst i tuted 
vesicles conta in ing Sec61, S R P receptor, 
and S P C (lanes 1-4) or rough microsomes 
(lane 5). A f te r t rans lat ion , m e m b r a n e s 
were sed imented through a h igh salt su
crose cushion. T h e superna tan t (lane 1) 
w a s removed, and the pellet (lane 2) w a s 
resuspended and incubated w i th 4 mM cy-
c loheximide (lane 3) or 1 mM puromyc in 
(lane 4). C , compar ison of puromyc in - re -
leased P P L M M 8 6 from reconst i tuted ves
icles (lane 2) w i th m a r k e r pept ides (lanes 
1 and 3). 
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FIG. 8. Loca l i za t i on of p rocessed s ignal pep t ides in reconst i 
tu ted ves ic les . A s s a y s conta in ing reconst i tuted vesicles and m e m 
brane- inserted P P L M M 8 6 were centr i fuged directly (lanes 1-3) or after 
t rea tment wi th puromyc in (lane 4-6) and separated into superna tan t 
(lanes 2 a n d 5 ) a n d p e l l e t (lanes 3 a n d 6). 

I t h a s b e e n s h o w n b e f o r e t h a t t h e a d d i t i o n o f p r e p r o m e l i t t i n 
t o v e s i c l e s r e c o n s t i t u t e d f r o m r a t l i v e r m i c r o s o m e s r e s u l t e d i n 
t h e g e n e r a t i o n o f t h e i n t a c t s i g n a l p e p t i d e ( M o l l a y et al., 1 9 8 2 ) . 
T h i s f i n d i n g d o e s n o t c o n t r a d i c t o u r r e s u l t s , a s p r e p r o m e l i t t i n 
s i g n a l s e q u e n c e c l e a v a g e o c c u r r e d f r o m p o l y p e p t i d e s n o t i n 
s e r t e d i n t o t h e m e m b r a n e , a n d s i g n a l p e p t i d e s a c c u m u l a t i n g i n 
t h e c y t o s o l c o u l d h a v e e s c a p e d f u r t h e r p r o c e s s i n g b y s i g n a l 
p e p t i d e p e p t i d a s e . F u r t h e r m o r e , a n e x t r a c t i o n p r o c e d u r e w a s 
u s e d t h a t s p e c i f i c a l l y s e l e c t s f o r h y d r o p h o b i c p e p t i d e s ( M o l l a y 
etal., 1 9 8 2 ) , t h u s e x c l u d i n g p r o c e s s e d s i g n a l p e p t i d e f r a g m e n t s 
f r o m d e t e c t i o n . 

Signal Sequence Processing in Reconstituted Vesicles—Sig
n a l s e q u e n c e c l e a v a g e h a s b e e n p r e v i o u s l y i n v e s t i g a t e d w i t h 
d e t e r g e n t - s o l u b i l i z e d S P C . I n c o n t r a s t t o t h e s e s t u d i e s , w e 
u s e d h e r e a r e c o n s t i t u t e d s y s t e m w h e r e r i b o s o m e - a t t a c h e d 
n a s c e n t c h a i n s a r e f u n c t i o n a l l y i n s e r t e d i n t o m e m b r a n e s p r i o r 
t o c l e a v a g e b y t h e S P C . T h i s s y s t e m m a i n t a i n s t h e s p a t i a l 
a r r a n g e m e n t o f t h e n a s c e n t p o l y p e p t i d e a t t h e t r a n s l o c a t i o n 
s i t e , a n d i t c a n t h e r e f o r e b e e x p e c t e d t o r e p r o d u c e t h e s e q u e n 
t i a l l y o c c u r r i n g e v e n t s o f m e m b r a n e t r a n s l o c a t i o n a n d s i g n a l 
s e q u e n c e p r o c e s s i n g . U s i n g r e c o n s t i t u t e d v e s i c l e s w e o b s e r v e d 
s i g n a l s e q u e n c e c l e a v a g e a s p r e v i o u s l y d e s c r i b e d ( G o r l i c h a n d 
R a p o p o r t , 1 9 9 3 ) . H o w e v e r , i n c o n t r a s t t o m i c r o s o m e s , w e d i d 
n o t o b t a i n t h e p r e d i c t e d i n t a c t s i g n a l p e p t i d e o f 3 0 a m i n o a c i d 
r e s i d u e s ( S a s a v a g e et al., 1 9 8 2 ) b u t a s l i g h t l y s h o r t e r f r a g m e n t 
( S P * ) . M o s t l i k e l y , t h i s i s d u e t o s i g n a l p e p t i d a s e c l e a v a g e a t a 
s e c o n d s i t e b e t w e e n a m i n o a c i d r e s i d u e s 2 5 a n d 2 6 , w h i c h i s 
a l s o p r e d i c t e d b y t h e ( - 1 , - 3 ) r u l e ( v o n H e i j n e , 1 9 8 3 ) . 

R e c o n s t i t u t e d v e s i c l e s c o n t a i n i n g S P C w e r e a b l e t o p r o c e s s 
t h e s i g n a l p e p t i d e t o t h e P S P , w h i c h w a s r e l e a s e d i n t o t h e 
s u p e r n a t a n t . T h i s s u g g e s t s t h a t t h e r e c o n s t i t u t e d v e s i c l e s c o n 
t a i n i n g S P C c o n t a i n e d a l s o s i g n a l p e p t i d e p e p t i d a s e a c t i v i t y . 
S i g n a l p e p t i d e p r o c e s s i n g w a s , h o w e v e r , f o u n d t o b e l e s s e f f i 
c i e n t w i t h r e c o n s t i t u t e d v e s i c l e s t h a n w i t h m i c r o s o m e s . 
W h e t h e r t h e s i g n a l p e p t i d e p e p t i d a s e i s o n e o f t h e k n o w n 
s u b u n i t s o f t h e S P C or p a r t i a l l y c o p u r i f i e d w i t h o n e o f t h e 
c o m p o n e n t s u s e d f o r r e c o n s t i t u t i o n r e m a i n s t o b e d e t e r m i n e d . 
S i g n a l p e p t i d e p e p t i d a s e f r o m E. coli h a s b e e n c h a r a c t e r i z e d 
b e f o r e ( I c h i h a r a et al., 1 9 8 6 ) . I t s h o w s n o h o m o l o g i e s t o a n y o n e 
o f t h e S P C s u b u n i t s ( S h e l n e s s et al., 1 9 8 8 ; G r e e n b u r g et al., 
1 9 8 9 ; S h e l n e s s a n d B l o b e l , 1 9 9 0 ; G r e e n b u r g a n d B l o b e l , 1 9 9 4 ) . 
T h i s i n c l u d e s S P C 1 2 , o f w h i c h t h e c D N A h a s b e e n r e c e n t l y 
c l o n e d a n d s e q u e n c e d . 2 

The Fate of Signal Peptide Fragments—Our d a t a s u g g e s t 
t h a t t h e a m i n o - t e r m i n a l P P L s i g n a l p e p t i d e f r a g m e n t i s r e -

2 E. H a r t m a n n , S. P rehn , K . -U . Ka l ies , and T . A . Rapoport , unpub 
l ished results . 
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FIG. 9. C o m p i l a t i o n o f so far charac te r i z ed signal pept ide frag
ments . T h e local izat ion of the f ragments is indicated below the descrip
t ion of the source s ignal peptide. A, s ignal peptide f ragments found 
associated w i th M H C class I molecules. D a t a are from Wei and Cress -
well (1992) and Henderson et al. (1992). B, s ignal peptide f ragment 
character ized in th is s tudy (dots indicate tha t the C O O H - t e r m i n a l end 
of the f ragment is es t imated from comparison wi th marker peptides) 
(see Fig. 4A). 

FIG. 10. S c h e m a t i c i l lustrat ion of s ignal sequence c leavage 
a n d process ing in rough microsomes . A f ter m e m b r a n e insert ion of 
the nascent chain (1), the signal sequence is c leaved by signal peptidase 
(2), and the s ignal peptide is fur ther processed by s ignal peptide pep
t idase (3). T h e s ignal peptide f ragments are then released from the 
translocat ion complex either to the cytosol or into the E R lumen (4) to 
al low a new round of translocat ion. Prote ins at the translocat ion site 
are shaded, and enzyme act iv i ty is indicated by asterisks. 

l e a s e d i n t o t h e c y t o s o l , w h e r e i t m a y b e f u r t h e r p r o c e s s e d o r 
d e g r a d e d b y t h e p r o t e a s o m e , a l a r g e m u l t i c a t a l y t i c p r o t e a s e 
( G o l d b e r g a n d R o c k , 1 9 9 2 ) . S i n c e t h e C O O H - t e r m i n a l P P L 
s i g n a l p e p t i d e f r a g m e n t i s t o o s m a l l t o b e r e s o l v e d b y o u r ge l 
s y s t e m , w e c o u l d n o t i n v e s t i g a t e i t s f a t e . F o r t h e f o l l o w i n g 
r e a s o n , h o w e v e r , w e c a n a s s u m e t h a t C O O H - t e r m i n a l s i g n a l 
p e p t i d e f r a g m e n t s a r e r e l e a s e d i n t o t h e E R l u m e n . N a s c e n t 
p r e s e c r e t o r y p r o t e i n s a r e t h o u g h t to s p a n t h e m e m b r a n e i n a 
l o o p - l i k e c o n f o r m a t i o n w i t h t h e a m i n o t e r m i n u s o f t h e s i g n a l 
s e q u e n c e f a c i n g t h e c y t o p l a s m a n d t h e c l e a v a g e s i t e f o r s i g n a l 
p e p t i d a s e f a c i n g t h e E R l u m e n ( d i s c u s s e d i n H i g h a n d D o b b e r -
s t e i n , 1 9 9 2 ) . U p o n c l e a v a g e o f t h e s i g n a l p e p t i d e w i t h i n i t s 
h y d r o p h o b i c co re , t h e a m i n o - a n d C O O H - t e r m i n a l f r a g m e n t s 
m a y b e r e l e a s e d t o t h e s i t e s t h e y a r e e x p o s e d to , t h e c y t o s o l a n d 
t h e l u m e n , r e s p e c t i v e l y . F u r t h e r m o r e , f r a g m e n t s o f t h e s i g n a l 
p e p t i d e s f r o m t h e i n t e r f e r o n - i n d u c i b l e p r o t e i n w i t h a m o l e c u l a r 
m a s s o f 3 0 k D a ( I P - 3 0 ) a n d f r o m c a l r e t i c u l i n h a v e b e e n f o u n d 
a s s o c i a t e d w i t h M H C c l a s s I m o l e c u l e s i n c e l l s l a c k i n g T A P 
t r a n s p o r t e r s ( W e i a n d C r e s s w e l l , 1 9 9 2 ; H e n d e r s o n et al., 1992) . 
T A P t r a n s p o r t e r s a r e t h o u g h t t o t r a n s p o r t p e p t i d e s g e n e r a t e d 
i n t h e c y t o s o l i n t o t h e E R l u m e n . I n t h e p r e s e n c e o f t h e T A P 
t r a n s p o r t e r s , p e p t i d e s o f c y t o s o l i c o r i g i n a r e f o u n d a s s o c i a t e d 
w i t h M H C c l a s s I m o l e c u l e s . T h u s , i f f r a g m e n t s d e r i v e d f r o m 
s i g n a l p e p t i d e s a r e a s s o c i a t e d w i t h M H C c l a s s I m o l e c u l e s i n 
T A P - d e f i c i e n t ce l l l i n e s , t h e y a r e p r o b a b l y r e l e a s e d i n t o t h e E R 
l u m e n a f t e r t h e i r c l e a v a g e i n t h e m e m b r a n e . L i k e t h e P P L 
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s ignal pept ide f r a g m e n t , t h e y resu l t f r o m c leavage in the m i d 
dle of t h e hydrophob i c core of the s igna l sequence (Fig. 9). T h e 
a m i n o - t e r m i n a l s ignal pept ide f r a g m e n t also f ound a m o n g the 
pept ides b o u n d to M H C class I mo lecu les is u n u s u a l a s it l acks 
charged a m i n o acid res idues . P r o b a b l y , the hydrophob i c n a t u r e 
of th i s f r a g m e n t c a u s e d its re lease into the E R l u m e n . 

Steps in Signal Sequence Cleavage and Processing—We c a n 
d i s t ingu i sh a t least th ree d ist inct s teps in the s ignal sequence 
process ing react ion (Fig. 10). 1) a f ter m e m b r a n e inser t ion of 
the nascent cha in , the s ignal sequence is c leaved b y s ignal 
pept idase ; 2) t h e c l eaved s igna l pept ide is fur ther processed b y 
s igna l pept ide pept idase ; a n d 3) the s ignal pept ide f r a g m e n t s 
are re leased f r o m the m e m b r a n e , e i ther into the cytosol or into 
the E R l u m e n , w h e r e t h e y could be fu r ther processed or com
plete ly h y d r o l y z e d . T h e re lease of t h e s ignal pept ide a l l ows the 
c learance of the t rans locat ion c o m p l e x a n d the subsequent 
inser t ion of a n e w po l ypept ide cha in . T h i s out l ine s h o w s pr in 
cipal s imi lar i t ies to the correspond ing processes in E. coli. 
H e r e , l eader pep t idase c leaves t h e s ignal sequence f r o m the 
precursor prote in . Process ing of s ignal pept ides is in i t i a ted b y 
a m e m b r a n e - b o u n d s ignal pept ide pept idase (protease IV ) , a n d 
the s ignal pept ide f r a g m e n t s are re leased into t h e cytosol 
w h e r e t h e y a re d e g r a d e d b y cytosol ic proteases . 
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