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CHEMOENZYMATIC SYNTHESIS OF A GENE CONTROL REGION 

J. Engels, M. Leineweber and E. Uhlmann 

Hoechst AG, P.O. Box 80 03 20, 6230 Frankfurt (Main) 80, 

Federal Republic of Germany 

Summary: By the phosphitetriester approach we synthesized the frag- 

ments for constructing a synthetically idealized promoter (SIP). The 

total construction consists of the promoter, operator and Shine-Dalgar- 

no (SD) region. This control region was fused to the gene for 

r-interferon. 

We chemically synthesized a control region in order to optimally 

express our synthetic genes considering the following criteria. For 

easy modifications, e.g. for structure function studies we designed 

each functional domain as a cassette which can conveniently be dissec- 

ted by the appropriate restriction enzymes. The regulation unit con- 
4 si sts 

(FIG. 1). 

of a promoter' ' 2 ,  an operator3 and a Shine-Dalgarno-sequence 

BAM H I  AHA I l l  

GGA TCC T A A  ATA AAT T C T  TGA CAT T T T  T T A  A A T  AAT T T G  GTA T A A  TGT GTG 
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GAA TTG TGA GCG GAT AAC A A T  TTC ACA AGC T T G  AGG ATC TAG A A T  TC ATG 

C T T  AAC ACT CGC CTA TTG T T A  AAG TGT TCG AAC TCC TAG ATC T T A  AG TAC 
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184 ENGELS, LEINEWEBER, AND UHLMANN 

The f i r s t  cas se t t e  c o n s i s t s  of  t h e  p r o m o t e r  as a r e a s o n a b l y  w e l l  

d e f i n e d  s l . r u c t u r e *  o f  two h i g h l y  c o n s e r v e d  DNA-sequences t h e  -35 and  

t h e  -10 r e g i o n  which have  t o  be p r o p e r l y  s p a c e d  i n  o r d e r  t o  rnaximally 

i n t e r a c t  w i t h  RNA-polymerase a n d  t h u s  c a u s e  h i g h  l e v e l s  o f  t r a n s c r i p -  

t i o n .  The second casse t te  i n c l u d e s  t h e  l ac  o p e r a t o r  which rriakes t h e  

sys tem i n d u c i b l e  and  a l l o w s  a c c u m u l a t i o n  of t h e  g e n e  producL i n  a 

d e f i n e d  t ime p e r i o d .  The t h i r d  casse t te  is t h e  l e a s t  d e f i n e d  s t r u c t u r e  

of  a l l  t h r e e  and  t h e  e s s e n t i a l  f e a t u r e s  o f  a good p o t e n t i a l  r ibosome 

b i n d i n g  s i t e  s t i l l  h a v e  t o  he worked o u t  more c l e a r l y .  

F o r  t h i s  c o n s t r u c t i o n  t h e  above  d e o x y o l i g o r i u c l e o t i d e s  I a  - d and 

I Ia  - d were s y n t h e s i z e d  a c c o r d i n g  t o  t h e  p h o s p h o r a m i d i t e  chemis-  

t r y C i v 7 .  A s  a polymer s u p p o r t  w e  o b t a i n e d  Lhe b e s t  r e s u l t s  w i t h  con- 

t r o l l e d  p o r e  g l a s s  h e a d s  (CPG, L C A A ,  P i e r c e )  . The r e a c t i o n  c y c l c  

i n c l u d e d  d e t r i  t y l a t i o n  w i t h  3 % t r i c h l o r o a c e t i c  a c i d  i n  d i c h l o r o m e t h a -  

n e ,  f o l l o w e d  by a d d i t i o n  of  t h e  deoxynucleosidephosphordi i s o p r o p y l -  

a m i d i t e s  and t e t r a z o l e .  Capping  w a s  a c c o m p l i s h e d  w i t h  t h e  a i d  of  

ace t ic  a n h y d r i d e  and  4 - d i m e t h y l a m i n o p y r i d i n e  f o l l o w e d  hy o x i d a t i o n  

w i t h  i o d i n e  i n  water ,  c o l l i d i r i e  a n d  t e t r a h y d r o f u r a n e .  Thc deoxyol  ig.0- 

n i i c l e o t i d e s  l a  - d a n d  I Ia  - d were p u r i f i e d  by a 15 % p o l y a c r y l a r n i d e  

ge l  e l e c t r o p h o r e s i s  and  a f t e r  e x t r a c t i o n  from t h e  g e l  d e s a l t e d  on 

Sephedex G 50. L i g a t i o n  o f  t h e  a n n e a l e d  d ~ o x y o l i ~ o n u c l e o t i d e s  Ia - d 

s e p a r a t e l y  and  I Ia  - d i n  l ' r i s  pH 7 . 4  was per formed as d e s c r i b e d  . 
C l o n i n g  o f  t h e  r e s u l t i n g  d u p l e x  D N A  i n t o  a pUC 8 plasmid" and 

s e q u e n c i n g  a c c o r d i n g  t o  Maxam-Gilbert'' e s t a b l i s h e d  t h e  c o r r e c t  se- 

quence .  The S I P - c o n t r o l  r e g i o n 1 2  w a s  s u b s e q u e n t l y  f u s e d  t o  o u r  s y n t h e -  

t i c  F i n t e r f e r o n  gene13 ( F I G .  2). 

A f t e r  e x p r e s s i o n  o f  t h i s  c o n s t r u c t  i n  E. c o l i  t h e  c e l l s  were h s r v e s t e d  

and  t h e  amount o f  - i n t e r f e r o n  w a s  rrionitored a c c o r d i n g  t o  a commcrc ia l  

R I A  ( C e l l t e c h ) .  The S T P - c o n s t r u c t i o n  i n  compar ison  t o  t h e  t a c  c n n s t r u c -  

t i o n 1 4  r e s u l t c d  i n  a 1 .5  times h i g h e r  p r o d u c t i o n  o f  - i n t e r f e r o n .  T h i s  

l ac  o p e r a t o r  - w i l d  t y p e  - i n  t h e  r e p r e s s e d  s t a t e  d i d  n o t  f u l l y  shuL 

o f f  t h e  s y n t h e s i s  o f  r - i n t e r f e r o n ,  t h e  y i e l d  a c c o r d i n g  t o  RTA and t h e  

c y t o p a t h i c  c f f e c t  w a s  6 pg/OD.l. A b a s e  m o d i f i c a t i o n  i n  t h e  o p e r a -  

t o r  a t  p o s i t . i o n  65 r e n d e r e d  t h e  p r o m o t e r  c o n s t i  t u t i v e  by g e n e r a t i n g  
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a down mutation. On the other 

hand Sadler et a1.I5 have des- Eco R I  

cribed an up mutation of the 

lac operator by introducing 

the correct symmetry axis. By 

cutting out the lac wild type 

operator with the restriction 

/ fN - g 
Fc 
rJ 
c, 
6 

A m p Q ~ ~ / t a c  % = control unit 

enzymes Aha 111 and Hind 111, o r ;  PVUE 

we could insert this ideali- 

zed synthetic operator. FIG. 2 

The final point is the modification of the SD-sequence in order to 

obtain optimal translational control. Here, studies are under way to 

modify the SD-sequence as well as the spacer region between the 

SD-sequence and the start codon to gain optimal expression of e.g. 

J’- i nt er f e r on. 
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