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S I G N A L  SEQUENCE:  APPLICATION OF CHEMICAL DNA SYNTHESIS TO STUDIES OF 
TRANSLOCATION OF EXPRESSED PROTEINS 

* 
E .  Uhlmann , J .  Engels and W .  Wetekam 
Pharma Synthese and Department of Biochemi s t r y  
HOECHST AG,  P.O. Box 80 03 20,  6230 Frankfurt (Main) 80, West Germany 

In general there are three d i f fe ren t  ways i n  which eucaryotic genes can 
be expressed in  E .  col i . 
( i  1 Direct expression: This mode of expression produces methionylprote- 
ins  which often are  unstable in E .  co l i  espec ia l ly  in  the case of smal- 
l e r  proteins.  ( i i )  Expression as a fusion protein:  The expressed pro-  
t e in  accumulates t o  high y ie lds  in E .  c o l i .  The fusion has t o  be clea-  
ved, however, t o  t h e  mature form ( i n  t h e  case of cyanogen bromide c lea-  
vage, fo r  instance,  the mature polypeptide should not have a n  internal  
methionine). ( i i i  ) Transport expression: The expressed protein i s  excre- 
ted from t h e  bacter ia l  cytoplasm t o  the periplasmic space, the outer 
membrane or  even in to  the cu l ture  medium. The advantage of t h i s  pro- 

cedure i s  t ha t  the  produced protein i s  not mixed w i t h  the  in t r ace l lu -  
l a r  proteins and degradation by enzymes within the c e l l  i s  prevented. 

The theoret ical  basis of t h e  t ranslocat ion process i s  s ta ted  in  the 
"signal hypothesis" established by Blobel and Dobberstein 1 . As an 
approach t o  t h i s  expression mode we conceived an experimental s e t  u p  
in which the protein t o  be transported i s  monkey proinsulin 2 . This 
gene sequence i s  coupled on the DNA level t o  a signal sequence of a 
su i tab le  bacter ia l  protein.  We chose the  presequence of t h e  secretory 
protein Alkaline Phosphatase 3 , which i s  highly expressed in  E.col i ,  
plus f i v e  N-terminal amino acids of the mature protein which again may 

be p a r t  of the  signal peptidase cleavage s i t e  4 . The D N A  sequence 
corresponding t o  the  signal peptide required t h e  chemoenzymatic synthe- 
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s i s  o f  a 84 bp  DNA fragment with cohes ive  ends a t  each side. The pro- 
t rud ing  ends of t h e  Eco RI cleavage s i t e  allow subcloning of t h e  s i g -  
nal fragment as a movable element.  Unique i n t e r n a l  r e s t r i c t i o n  enzyme 
s i tes  permit t h e  a l t e r a t i o n  of s p e c i f i c  amino a c i d s  - ( t h e  hydrophobic 
core  sequence, the  p o s i t i v e l y  charged N-terniinus or t h e  s ig : ia l  p e p t i -  
dase r ecogn i t ion  s i t e )  - as  well as t h e  coupl ing  o f  any euca ryo t i c  ge- 
ne in  t h e  c o r r e c t  reading  frarne. 
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