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SUMMARY 

We are employing precursors of small s e c r e t o r y and plasma membrane 

pr o t e i n s as t o o l s f o r d e f i n i n g the d i f f e r e n t stages i n the import of 

pro t e i n s i n t o the endoplasmic r e t i c u l u m (ER). The precursor p r o t e i n s t h a t 

we sel e c t e d are M13 procoat p r o t e i n , the precursor of a b a c t e r i a l plasma 

membrane p r o t e i n , and the precursors of two eu c a r y o t i c s e c r e t o r y p r o t e i n s , 

honeybee p r e p r o m e l i t t i n and f r o g prepropeptide GLa. Our experimental 

Systems i n v o l v e s i n v i t r o Systems, s u i t a b l e f o r t r a n s l a t i o n as w e l l as 

import of the t r a n s l a t i o n produets i n t o microsomes. The f o l l o w i n g stages i n 

import can be res o l v e d : i ) S p e c i f i c a s s o c i a t i o n of a precursor p r o t e i n with 

the ER-membrane; i i ) I n s e r t i o n of a precursor p r o t e i n i n t o the ER-membrane; 

and i i i ) Assembly of a p r o t e i n i n t o the ER-membrane and t r a n s p o r t of a 

p r o t e i n across the ER-membrane, r e s p e c t i v e l y . We present a working model 

f o r the import of small precursor p r o t e i n s i n t o ER. 
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INTRODUCTION 

Every Polypeptide has a s p e c i f i c f u n c t i o n as w e l l as a unique f u n c t i o n a l 

l o c a t i o n , i . e . an i n t r a - or e x t r a c e l l u l a r l o c a t i o n where i t f u l f i l s i t s 

f u n c t i o n (Zimmermann, 1986; Zimmermann and Meyer, 1986). There are two 

f a c t s which turned the l a t t e r notion i n t o a c e n t r a l problem i n c e l l 

b i o l o g y : i ) There i s e s s e n t i a l l y only one s i t e of p r o t e i n s y n t h e s i s , the 

cytoplasm, but there are many d i f f e r e n t p o t e n t i a l f u n c t i o n a l l o c a t i o n s , the 

c e l l o r g a n e l l e s and the e x t r a c e l l u l a r space; i i ) The S i t e of s y n t h e s i s i s 

separated from these l o c a t i o n s by phospholipid b i l a y e r s . Therefore, there 

must e x i s t mechanisms which guarantee the s p e c i f i c t r a n s p o r t of p r o t e i n s 

across membranes. Membrane assembly of p r o t e i n s can be v i s u a l i z e d as a 

s i m i l a r problem. 

About f i f t e e n years ago a f i r s t hypothesis was put forward which t r i e d to 

e x p l a i n s p e c i f i c import of p r o t e i n s i n t o the endoplasmic r e t i c u l u m (ER), 

the "Signal hypothesis" ( f o r review see Zimmermann and Meyer, 1986). 

According to t h i s hypothesis there are s p e c i f i c S i g n a l s present i n the 

p r o teins t o be imported and the S i g n a l s , t y p i c a l l y aminoterminal and 

t r a n s i e n t , guide the nascent Polypeptides and the t r a n s l a t i n g ribosomes to 

pores i n the ER membrane. The t i g h t i n t e r a c t i o n between ribosomes and pores 

and the r e s u l t i n g c o u p l i n g of t r a n s l a t i o n and import were suggested t o 

prevent f o l d i n g of a p a r t i c u l a r p r o t e i n before i t had reached i t s 

f u n c t i o n a l l o c a t i o n . Therefore, the mechanism was termed c o t r a n s l a t i o n a l . 

On f i r s t s i g h t the i d e n t i f i c a t i o n of a System which apparently decodes the 

S i g n a l s , the Signal r e c o g n i t i o n p a r t i c l e (5RP)/docking protein-system, 

seemed to provide support f o r t h i s hypothesis. 

However, d u r i n g the l a s t year the whole concept has been s e r i o u s l y 

questioned by data published by several l a b o r a t o r i e s . The novel themes seem 

to be t h a t there does not have to be a c o u p l i n g between t r a n s l a t i o n and 

import and t h a t f o l d i n g of precursor p r o t e i n s i n the cytoplasm i s prevented 

by the a c t i o n of d i f f e r e n t cytoplasmic Systems, at l e a s t one of which 

depends on ATP. 

We are employing precursors of small s e c r e t o r y and membrane p r o t e i n s as 

t o o l s f o r d e f i n i n g the d i f f e r e n t stages i n the import of p r o t e i n s i n t o the 

endoplasmic r e t i c u l u m . The l o g i c behind t h i s approach i s : i ) t h a t these 

precursor p r o t e i n s have t y p i c a l Signal sequences, are processed by S i g n a l 

peptidase and thus presumably share some Steps of the import pathway with 
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1 arger precursor p r o t e i n s , and i i ) t h a t these p r o t e i n s may be able to 

bypass c e r t a i n steps, o b l i g a t o r y f o r l a r g e r precursor p r o t e i n s , p o s s i b l y 

because of a lower tendency f o r f o l d i n g i n t o s t r u c t u r e s , incompatible with 

membrane i n s e r t i o n or t r a n s p o r t . The precursor p r o t e i n s , we s e l e c t e d , are 

M13 procoat p r o t e i n (73 amino a c i d r e s i d u e s ) , the precursor of a b a c t e r i a l 

plasma membrane p r o t e i n , and the precursors of two e u c a r y o t i c s e c r e t o r y 

p r o t e i n s , honeybee p r e p r o m e l i t t i n (70 amino a c i d r e s i d u e s ) and f r o g 

prepropeptide GLa (64 amino a c i d r e s i d u e s ) (Figure 1). An a d d i t i o n a l reason 

f o r choosing these precursor p r o t e i n s i s t h a t they could be expected t o be 

imported p o s t t r a n s l a t i o n a l l y j u s t because of t h e i r s i z e and, t h e r e f o r e , to 

give a t e c h n i c a l advantage: Approximately 40 amino a c i d residues of a 

nascent P o l y p e p t i d e are s h i e l d e d w i t h i n a p r o t e a s e - i n a c c e s s i b l e domain of 

the ribosome. This does not leave much time between the point where a 20 t o 

23 residues long S i g n a l peptide emerges from the ribosome and becomes f r e e 

t o i n t e r a c t with a re c e p t o r or a membrane and the point of t e r m i n a t i o n of 

p r o t e i n s y n t h e s i s . 

++ + ^ + - + ++ + 
MKKSLVLKASVAVATLVPMLSFAAEGDDPAKAAFNSLQASATEYIGYAVAMVVVIVGATIGIKLFKKFTSKAS 

* * * * * * * * * * * * * * * * * * X * * * * * * * * * * * * * * * * * * 

+ _ _ _ _ _ _ _ _ _ + ++++ 

MXFLVNVALVFMVVYISYIYAAPEPEPAPEPEAEADAEADPEAGIGAVLKVLTTGLPALISVIKRKRQQG 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

+ - + + + + + + + + + -

MYKQIFLCLIIAALCATIMAEASAFADADEDDDKRYVRGMASKAGA IAGKIAKVALKALGRRDS 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

Figure 1. Primary S t r u c t u r e of M13 Procoat P r o t e i n , Honeybee P r e p r o m e l i t t i n 
and Frog Prepropeptide GLa. 
The cleavage s i t e f o r S i g n a l peptidase i s i n d i c a t e d by an arrow. P o s i t i v e l y 
(+) and n e g a t i v e l y (-) charged amino a c i d residues are i n d i c a t e d as w e l l as 
hydrophobic ones ( * ) . 
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RESULTS 

Our experimental System i n v o l v e s i n v i t r o Systems, i s o l a t e d from E . c o l i , 

wheat germs o r r a b b i t r e t i c u l o c y t e s , f o r t r a n s l a t i o n of n a t i v e mRNAs or i n 

v i t r o - t r a n s c r i p t s and ER-derived v e s i c l e s , i s o l a t e d from dog pancreas. We 

assay a s s o c i a t i o n of small precursor p r o t e i n s with microsomes i n bi n d i n g 

experiments where precursors are incubated with microsomes at low 

temperatures and microsomes are r e i s o l a t e d by gradient c e n t r i f u g a t i o n or 

gel f i l t r a t i o n . Membrane i n s e r t i o n i s t y p i c a l l y assayed as removal of the 

Signal peptide by S i g n a l peptidase on the luminal s i d e of the membrane- The 

Standard assays f o r assembly o r t r a n s p o r t are t e s t i n g S e q u e s t r a t i o n , i . e . 

p r o t e c t i o n a g a i n s t e x t e r n a l l y added protease i n the absence of detergent 

but s e n s i t i v i t y i n the presence of detergent, and s u b f r a c t i o n a t i o n of 

microsomes at n e u t r a l and a l k a l i n e pH-values. 

S p e c i f i c A s s o c i a t i o n of a Precursor P r o t e i n with the ER-Membrane 

The p r e d i c t i o n f o r a s p e c i f i c a s s o c i a t i o n of a precursor with i t s t a r g e t 

membrane i s t h a t the precusor i s s o l u b l e and i s able t o expose i t s S i g n a l 

peptide. The c l a s s i c model f o r s p e c i f i c a s s o c i a t i o n of pr e c u r s o r s with 

microsomes i n v o l v e s SRP and docking p r o t e i n . The small p r e c u r s o r s , however, 

do not use the SRP/docking protein-system (Watts et a l , 1983; Zimmermann 

and Mollay, 1986; Schlenstedt and Zimmermann, 1987). Therefore, we 

concluded t h a t the SRP/docking protein-system has a r o l e i n keeping the 

Signal peptide exposed while the small precursors can do so because of 

i n t r i n s i c p r o p e r t i e s (Müller and Zimmermann, 1987a). 

A set of t y p i c a l experiments on the docking protein-independence of 

p r e p r o m e l i t t i n processing i s shown i n Figures 2 to 4: While even the lowest 

concentration of t r y p s i n used f o r pretreatment of microsomes i s s u f f i c i e n t 

t o completely destroy docking p r o t e i n and, accor d i n g l y , to i n a c t i v a t e the 

microsomes wi t h respect t o t h e i r a b i l i t y t o process pre-kappa l i g h t c h a i n , 

there i s no e f f e c t on the a b i l i t y of such pretreated microsomes to process 

p r e p r o m e l i t t i n ( f o r f u r t h e r d e t a i l s r e f e r t o Zimmermann and Mollay, 1986 

and Schlenstedt and Zimmermann, 1987). 
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Figure 2. E f f e c t of T r y p s i n Treatment of Microsomes on the T o t a l P r o t e i n 
P a t t e r n and on Docking P r o t e i n . 
Four a l i q u o t s of dog pancres microsomes were incubated without t r y p s i n (mock-
treatment) ( l a n e 1) or i n the presence of t r y p s i n at f i n a l c o n c e n t r a t i o n s of 
10 (lane 2), 20 (lane 3) or 50 ug/ml (lane 4). A f t e r incubation f o r 60 min 
at 0 °C soybean t r y p s i n i n h i b i t o r (twofold molar excess) and PMSF (1 mM) 
were added and the i n c u b a t i o n was continued f o r 5 min at 0 °C. For a n a l y s i s 
of the t o t a l p r o t e i n p a t t e r n (A) and the docking p r o t e i n content (B) two 
a l i q u o t s of each sample were run on SDS Polyacrylamide gels (17.5 % ) . One 
set of samples was analysed by s t a i n i n g with Coomassie B r i l l i a n t Blue (A). 
The other set was e l e c t r o p h o r e t i c a l l y t r a n s f e r r e d onto n i t r o c e l l u l o s e and 
then probed w i t h a r a b b i t antiserum d i r e c t e d against docking p r o t e i n (dp) 
and w i t h 14C-protein A (B). The r e l e v a n t p o r t i o n of an autoradiograph of 
t h i s b l o t i s shown. The antiserum c r o s s r e a c t s with a luminal p r o t e i n (crm). 
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Figure 3. E f f e c t of Tryp s i n Treatment of Microsomes on Proce s s i 
kappa-light Chain. 
Pre- k a p p a - l i g h t chain ( p l c ) was synthesized i n r a b b i t r e t i c u l o 
f o r 60 min at 37 °C i n the absence of membranes (lane 1) or i n 
of dog pancreas microsomes, which were e i t h e r not t r e a t e d p r i o r 
c l u s i o n in the t r a n s l a t i o n r e a c t i o n s (lane 2), mock-treated ( l a 
or treated with t r y p s i n and t r y p s i n i n h i b i t o r s as described i n 
Figure 2. The t r y p s i n c o n c e n t r a t i o n s during the treatment were 
(lanes 5 and 6 ) , 20 ug/ml (lanes 7 and 8) and 50 ug/ml (lanes 9 
relevant p o r t i o n of a fluorograph a f t e r e l e c t r o p h o r e t i c a n a l y s i 

- 0.6 1.2 0.6 1.2 0.6 12 0.6 1.2 0.6 1.2 

ppm 
p m 

Microsomes 

A 2 8 0 

Figure 4. E f f e c t of Tr y p s i n Treatment of Microsomes on Processing of Prepro
m e l i t t i n . 
P r e p r o m e l i t t i n (ppm) was synthesized i n r a b b i t r e t i c u l o c y t e l y s a t e s f o r 60 
min at 37 °C i n the absence of membranes (lane 1) or i n the presence of dog 
pancreas microsomes, which were e i t h e r not tr e a t e d p r i o r t o t h e i r i n c l u s i o n 
i n the t r a n s l a t i o n r e a c t i o n s (lanes 2 and 3), mock-treated (lanes 4 and 5) 
or t r e a t e d with t r y p s i n and t r y p s i n i n h i b i t o r s as described i n the legend t o 
Figure 2. The t r y p s i n c o n c e n t r a t i o n s d u r i n g the treatment were 10 ug/ml 
(lanes 6 and 7 ) , 20 ug/ml (lanes 8 and 9) and 50 ug/ml (lane 10 and 11). The 
relevant p o r t i o n of a fluoro g r a p h a f t e r butanol e x t r a c t i o n and e l e c t r o p h o r e 
t i c a n a l y s i s i s shown. 
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I n s e r t i o n of a Precursor P r o t e i n i n t o the ER-Membrane 

The i n s e r t i o n of a p r e c u r s o r i n t o the hydrophobic core of i t s t a r g e t 

b i l a y e r can be expected t o be the second step i n the import pathway and t o 

precede membrane assembly as w e l l as completion of t r a n s l o c a t i o n , i . e . 

t r a n s p o r t . For the c l a s s i c examples of p r o t e i n s t o be imported i n t o 

mirosomes the ribosome i n c o l l a b o r a t i o n with a ribosome receptor at the 

s u r f a c e of the microsomal membrane seem t o be i n v o l v e d at t h i s step. Again, 

however, the small precursors do not show such a requirement (Schlenstedt 

and Zimmermann, 1987; Wiech e t a l . , 1987; Müller and Zimmermann, 1987b). On 

the other hand, we observed a requirement f o r the h y d r o l y s i s of ATP and a 

so f a r unknown c y t o s o l i c component i n these cases. We concluded from these 

data t h a t the ribosome i n the case of l a r g e precursor p r o t e i n s and the 

ATP-dependent component i n general have a r o l e i n keeping precursor 

p r o t e i n s competent f o r membrane i n s e r t i o n , i . e . preventing an unfavourable 

conformation. This notion i s supported by our Observation that the 

p r o c e s s i n g of small precursor p r o t e i n s are i n h i b i t e d at t h i s step by 

formation of i n t r a m o l e c u l a r d i s u l f i d e bridges (Müller and Zimmermann, 

1987b). 

ppm A-DHFR/ 1 pp-ADHFR/1 DHFR 

p 

m m m - ^ _ _d 

m 
4 - - + RM 

F i g u r e 5. P r o c e s s i n g of Hybrid P r o t e i n s between P r e p r o m e l i t t i n and Dihydro-
f o l a t e Reductase by Microsomes. 
Hybrid P r o t e i n s between p r e p r o m e l i t t i n and d i h y d r o f o l a t e reductase, one con-
t a i n i n g p r e p r o m e l i t t i n with a minor d e l e t i o n at the carboxy terminus and 
füll length d i h y d r o f o l a t e reductase (ppi%-DHFR/1) and the other one c o n t a i n -
ing p r e p r o m e l i t t i n without the m e l i t t i n domain and d i h y d r o f o l a t e reductase 
with a l a r g e amino terminal d e l e t i o n (pp^DHFR/1), and d i h y d r o f o l a t e reductase 
(DHFR, d), r e s p e c t i v e l y , were s y n t h e s i z e d i n r a b b i t r e t i c u l o c y t e l y s a t e s f o r 
30 min at 37 °C i n the absence o r presence of microsomes (RM). The r e l e v a n t 
p o r t i o n of a fluorograph a f t e r e l e c t r o p h o r e t i c a n a l y s i s i s shown. 
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The f o l l o w i n g set of experiments p o i n t s t o a r o l e of the ribosome i n the 

case of l a r g e , SRP and docking protein-dependent, p r e c u r s o r p r o t e i n s 

(Figures 5 t o 8 ) : While methotrexate i s able t o bind t o a h y b r i d p r o t e i n 

c o n s i s t i n g of p r e p r o m e l i t t i n and d i h y d r o f o l a t e reductase i n the absence of 

microsomes and t o induce a n a t i v e conformation i n the d i h y d r o f o l a t e 

reductase domain (dd), i t cannot do so i n the presence of microsomes and, 

a c c o r d i n g l y , does not i n t e r f e r e with import ( f o r f u r t h e r d e t a i l s r e f e r t o 

Müller and Zimmermann, 1987a and b). 

pp- &DHFR/1 

+ + + 

m 
RM 

Figure 6. Import o f Hybrid 
P r o t e i n s between Prepro
m e l i t t i n and D i h y d r o f o l a t e 
Reductase i n t o Microsomes. 
Hybrid p r o t e i n s between 
p r e p r o m e l i t t i n and d i h y d r o 
f o l a t e reductase were 
sy n t h e s i z e d i n r a b b i t r e t i -
c u l o c y t e l y s a t e s f o r 30 min 
at 37 °C i n the absence or 
presence o f microsomes (RM). 
Afterwards each sample was 
d i v i d e d i n t o three a l i q u o t s . 
One a l i q u o t was incubated 
i n the absence of P r o t e i n 
ase K (PK), the second one 
i n the presence of P r o t e i n 
ase K (50 ug/ml) and the 
t h i r d one i n the presence 
of both, T r i t o n X-100 (TX) 
and P r o t e i n a s e K, f o r 60 
min at 0 °C. The r e l e v a n t 
p o r t i o n of a f l u o r o g r a p h 
a f t e r e l e c t r o p h o r e t i c 
a n a l y s i s i s shown. 

- - + + PK 
- - - + TX 
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Figure 7. E f f e c t of Methotrexate on the Import of Hybrid P r o t e i n s between 
P r e p r o m e l i t t i n and D i h y d r o f o l a t e Reductase i n t o Microsomes. 
Hybrid p r o t e i n s between p r e p r o m e l i t t i n and d i h y d r o f o l a t e reductase were syn
t h e s i z e d i n r a b b i t r e t i c u l o c y t e l y s a t e s f o r 30 min at 37 °C i n the absence 
of methotrexate (MTX) or i n the presence of methotrexate (10 uM or 100uM) i n 
the absence o r presence of microsomes (RM). Afterwards each sample was d i v i -
ded i n t o two a l i q u o t s . One a l i q u o t was incubated i n the absence of Proteinase 
K (PK), the o t h e r one i n the presence of P r o t e i n a s e K (50 Mg/ml) f o r 60 min 
at 0 °C. The r e l e v a n t p o r t i o n of a f l u o r o g r a p h a f t e r e l e c t r o p h o r e t i c a n a l y s i s 
i s shown. 

Assembly of a P r o t e i n i n t o the ER-Membrane and Transport of a P r o t e i n 

across the ER-Membrane 

Membrane assembly of a membrane p r o t e i n and completion of t r a n s l o c a t i o n 

of a s o l u b l e p r o t e i n , r e s p e c t i v e l y , can be seen as the f i n a l step of an 

import pathway. In the case of our small precursor p r o t e i n s we were able t o 

suggest a component of the microsomal membrane to be involved i n t r a n s p o r t 

of p r o m e l i t t i n (Mollay and Zimmermann, 1986). However, not a l l small 

precursor p r o t e i n s depend on t h i s component (Schlenstedt and Zimmermann, 

1987; Müller and Zimmermann, 1987a). 

A t y p i c a l experiment on the involvement of a p r o t e a s e - s e n s i t i v e component 

of the microsomal membrane on the S e q u e s t r a t i o n of p r o m e l i t t i n i s shown i n 
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F i g u r e 9: While t r y p s i n pretreatment of microsomes does not i n a c t i v a t e the 

microsomes with respect to p r e p r o m e l i t t i n processing (see above), i t 

completely i n h i b i t s such p r e t r e a t e d microsomes with respect t o p r o m e l i t t i n 

S e q u e s t r a t i o n ( f o r f u r t h e r d e t a i l s r e f e r to Zimmermann and Mollay, 1986 and 

MülTer and Zimmermann, 1987a). 

ppmA-DHFR/ 1 

d d 

DHFR 

-+ -+ MTX 
- - M PK 

F i g u r e 8. E f f e c t of Methotrexate on the F o l d i n g of Hybrid P r o t e i n s between 
P r e p r o m e l i t t i n and D i h y d r o f o l a t e Reductase. 
A h y b r i d p r o t e i n between p r e p r o m e l i t t i n and d i h y d r o f o l a t e reductase (ppm^-
DHFR/1) and d i h y d r o f o l a t e reductase (DHFR, d), r e s p e c t i v e l y , were synthesized 
i n r a b b i t r e t i c u l o c y t e l y s a t e s f o r 30 min at 37 °C i n the absence of metho
t r e x a t e (MTX) or i n the presence of methotrexate (100 uM). Afterwards each 
sample was d i v i d e d i n t o two a l i q u o t s . One a l i q u o t was incubated i n the ab
sence of P r o t e i n a s e K (PK), the other one i n the presence of Proteinase K 
(50 ug/ml) f o r 60 min at 0 °C. The p o r t i o n of a fluorograph i s shown. 
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pm 
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Figure 9. E f f e c t of Trypsin Treatment of Microsomes on Pr o c e s s i n g of Prepro
m e l i t t i n and Se q u e s t r a t i o n of P r o m e l i t t i n . 
P r e p r o m e l i t t i n (ppm) was synthesized i n r a b b i t r e t i c u l o c y t e l y s a t e s f o r 60 
min at 37 °C i n the absence of membranes (lanes 1) or i n the presence of dog 
pancreas microsomes, which were e i t h e r not t r e a t e d p r i o r t o t h e i r i n c l u s i o n 
i n the t r a n s l a t i o n r e a c t i o n s (lanes 2 ), or t r e a t e d with t r y p s i n and t r y p s i n 
i n h i b i t o r s as described i n the legend t o Figure 2 at a c o n c e n t r a t i o n of 10 
Mg/ml (lanes 3 ) . Afterwards each sample was d i v i d e d i n t o two a l i q u o t s . One 
a l i q u o t was incubated i n the absence of Proteinase K (A), the other one i n 
the presence o f Pr o t e i n a s e K (B) f o r 60 min at 0 °C. The r e l e v a n t p o r t i o n 
of a fluoro g r a p h a f t e r e l e c t r o p h o r e t i c a n a l y s i s and butanol e x t r a c t i o n i s 
shown. 
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DISCUSSION 

We propose the f o l l o w i n g mechanism f o r the import of small s e c r e t o r y and 

membrane p r o t e i n s i n t o the endoplasmic r e t i c u l u m (Figure 10): Precursor 

p r o t e i n s with a content of l e s s than 80 amino acids are re l e a s e d from the 

ribosome before an i n t e r a c t i o n between e i t h e r the Signal p e p t i d e and Signal 

r e c o g n i t i o n p a r t i c l e or the ribosome and the ribosome r e c e p t o r can occur 

(Schlenstedt and Zimmermann, 1987; Müller and Zimmermann, 1987a; Wiech et 

a l . , 1987). T h e i r primary s t r u c t u r e s , however, have evolved i n a way which 

allows them t o stay competent f o r membrane a s s o c i a t i o n and i n s e r t i o n 

without the a i d of these components (Müller and Zimmermann, 1987a). 

P o s s i b l y , a loop i s formed by the mature p a r t , thereby b r i n g i n g the amino-

and carboxy-terminal p a r t s i n c l o s e p r o x i m i t y of each other. Ionic 

i n t e r a c t i o n s may s t a b i l i z e t h i s s t r u c t u r e , the presence of unbalanced 

charges i n these p o s i t i o n s may act d e s t a b i l i z i n g (Müller and Zimmermann, 

1987a and b). Even d i s u l f i d e bridges are allowed at t h i s p o i n t , although, 

they probably never occur i n v i v o . This s t r u c t u r e can a s s o c i a t e with the 

microsomal membrane. I t i s p r e s e n t l y unclear, whether a Signal receptor i s 

involved at t h i s step or whether i t i s a pure p r o t e i n - l i p i d i n t e r a c t i o n . We 

assume that an u n f o l d i n g , i . e . d e s t a b i l i z a t i o n of t h i s s t r u c t u r e , has to 

take place before membrane i n s e r t i o n can occur (Müller and Zimmermann, 

1987b). T y p i c a l l y t h i s i s c a t a l y s e d by a cytoplasmic p r o t e i n which depends 

on the h y d r o l y s i s of ATP f o r i t s a c t i o n (Wiech et a l . , 1987). S t r i k i n g l y , 

the p r o t e i n without any charged amino a c i d residues at the mature t e r m i n i 

does not depend on t h i s a c t i v i t y and d i s u l f i d e bridges cannot be 

d i s s o c i a t e d (Müller and Zimmermann, 1987b). I n s e r t i o n may occur i n form of 

a h a i r p i n s t r u c t u r e between the Si g n a l peptide and the mature amino 

terminus. This event leads to exposure of the cleavage s i t e to the luminal 

s i d e of the membrane and t y p i c a l l y r e s u l t s i n processing by leader 

peptidase. We assume t h a t t h i s takes place i n a l i p i d environment because 

we observed the same c h a r a c t e r i s t i c s f o r i n s e r t i o n i n t o detergent m i c e l l e s 

(Müller and Zimmermann, 1987b; Wiech et a l , 1987). The f o l l o w i n g membrane 

assembly or t r a n s p o r t of the mature p r o t e i n s may occur i n one or more steps 

and may or may not i n v o l v e membrane components. We have defined one 

Protease s e n s i t i v e component which seems to be necessary i n order to e x p e l l 

the hydrophobic m e l i t t i n domain w i t h i n p r o m e l i t t i n out of the membrane 

(Zimmermann and Mollay, 1986; Müller and Zimmermann, 1987a). A c c o r d i n g l y , 



349 

proteins which do not c o n t a i n a s i m i l a r domain do not depend on t h i s 

component. The a l t e r n a t i v e s f o r the a c t i o n of such a component are s t i l l 

the ones proposed by e i t h e r the Si g n a l hypothesis or the membrane t r i g g e r e d 

f o l d i n g hypothesis or something i n between. There may be t r a n s i e n t 

proteinaceous pores i n v o l v e d or j u s t the phospholipids, p o s s i b l y i n form of 

a t r a n s i e n t b i l a y e r d i s t o r t i o n . Or there may be membrane p r o t e i n s which do 

not form a pore but t r i g g e r or / and c o n t r o l the b i l a y e r d i s t o r t i o n . 

A 

Figure 10. Working Model f o r the Import of Small P r o t e i n s i n t o the Endo
plasmic Reticulum. 
Models f o r the assembly of M13 coat p r o t e i n i n t o microsomal membranes (A) 
and the t r a n s p o r t of small s e c r e t o r y p r o t e i n s , i n t h i s case p r o m e l i t t i n i n 
to the ER-lumen (B), r e s p e c t i v e l y , are shown. Charged amino a c i d s are i n 
dic a t e d . 
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