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NUCLEOSIDES & NUCLEOTIDES, 7(5&6) ,  737-740 (1988) 

SITE DIRECTED MUTAGENESIS ON THE RESTRICTION ENDONUCLEASE EcoRI 
USING MIXED OLIGONUCLEOTIDES 

Andreas Diisterhijft and Manfred Kroger* 
Institut fur Mikrobiologie und Molekularbiologie der 

Justus-Liebig-Universitat GieBen 
Frankfurter StraBe 107, D-6300 GieBen, West-Germany 

ABSTRACT The restriction endonuclease EcoRI could be modified via site 
directed mutagenesis at position Arg200. Using the thiophosphate system 
we introduced either Lys, Glu or Gly in a one pot procedure. Although G 
recognition should be affected, Lys200 showed wildtype specificity. 

Restriction enzymes are the well known basic tools in gene techno- 

logy. In order to enlarge the number of available specificities, nume- 

rous microorganisms have been screened throughout the world. However, 

it seems that only a limited number of specificities are available from 

natural sources, while certain identical specificities are repeatingly 

found. Thus we started a program, to achieve new specificities via pro- 

tein design. 

Some basic prerequisites have to be considered for the realization 

of such a program: i) Artificially obtained restriction enzymes need to 

be expressed in the absence of any natural protection system; thus they 

must be obtainable in the absence of methylation activity. ii) Complete 

structural information must be available in order to change nnino acid 

residues in a controlled manner. iii) A simple and quick methodology 

must be available to both create and test mutant restriction enzymes. 

We present data, that we fulfilled these prerequisites on the model 

enzyme EcoRI, which recognizes the GAATTC sequence and on which recent- 

ly an X-ray Structure was published. 1 

Expression vector system. We used the E.coZi p -Lac1 promoter- 

repressor system2, within a derivative of the plasmid pJF118 , which 

contains the lac1 gene and additionally a more effective origin of re- 

plication, a defined translation start sequence, several multicloning 

sites and two more operator sequences in defined distance. In contrast 

3 tac 
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738 DUSTERHOFT AND KROGER 

t o  our previous construct ions,  the  promoter was now only ac t ive  i n  the  

presence of the  inductor isopropylthiogalactoside ( I P T G ) .  N o  leakage 

was observed, when we cloned the  genes f o r  t he  r e s t r i c t i o n  endonucleases 

EcoRI or  PstI in  the  absence of t h e i r  cognate methylase. In  some cases  

we had t o  use E.coli c e l l s  with preformed repressor  on a separate  plas-  

mid; see below. W e  present  an example f o r  our expression vector  i n  Fig.l. 

Structural information upon EcoRI. The published X-ray s t ruc tu re  of 

EcoRI' provides evidence, t h a t  only three  amino ac id  residues cont r ibu te  

t o  the  spec i f ic  recognition of the GAATTC DNA-sequence: Glu144, Arg145 

and Arg200. The contact  of these three  residues i s  towards f i v e  d i f fe -  

ren t  nucleic  ac id  bases,  due t o  a most as tonishing br idging character  of 

the Glu144 and Arg145 residues.  However, some of t h e  o r ig ina l  conclusi-  

ons seem t o  be already reevaluated by the  same authors  . The Arg200 re- 

sidue is  described, t o  be so l e ly  sesponsable f o r  the  recogni t ion of Gua- 

nosine within the GAATTC sequence. Since EcoRI possesses a so c a l l e d  

s t a r  a c t i v i t y  , w e  proposed, t h a t  i n  the  absence of s a l t  the  contact  

between Arg200 and the Guanosine is missing. Any enzyme with such a s t a r  

a c t i v i t y  would be a 16 times more aggressive poison t o  the  E.coZi DNA 

than the  wildtype enzyne. We wanted t o  l ea rn ,  whether our system s t i l l  

provides enough pro tec t ion  f o r  t he  c e l l .  

4 

5 

Construction of mutants in position A r g Z O O .  W e  i so l a t ed  from the  

plasmid pHK514 (see  Fig.1) a BgZII-PsbI fragment and cloned it i n t o  the  

s ing le  s t rand phage M13. A s  given i n  Figure 2 we used a mixture of o l i -  

gonucleotides with twelve iden t i ca l  nucleot ides  each f lanking t h e  var ia-  

t i ons  a t  two d i r e c t l y  adjacent  cen t r a l  pos i t ions .  Preparat ion was per- 

formed on  an synthesizer  with t h e  mixed oligo- 

nucleotide option. Using a mixture of four  ol igonucleot ides  we were ab le  

t o  f ind  simultaneously i n  a s ingle  mutagenesis procedure using the  a- 

thiophosphate method6 both s ingle  exchange mutants within twelve phages. 

The double exchange mutant and the  rever tan t  were obtained, when the  ex- 
periment was repeated on the  b a s i s  of t h e  Lys mutant, again within only 

twelve phages analyzed. In a second s t ep ,  t he  mutated fragments were re- 

implantated i n t o  pHK514, y ie ld ing  the  plasmids named i n  Fig.2. 

Properties of the  mutated EeoRI restriction enzymes. We constructed 

f o r  each mutant two plasmids. e i t h e r  with or without t h e  cognate methy- 

l a se .  A s  control  the  unmodified and the r eve r t an t  enzyme were t e s t ed  

iden t i ca l ly .  The c e l l s  were k i l l e d  almost immediately a f t e r  induction 
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SITE-DIRECTED MUTAGENESIS ON ENDONUCLEASE EcoRI 739 

Ftac active orientation 

FIGURE 1. P a r t i a l  map of the  typ ica l  expression vector  pHK514 containing 
three  lac-operator sequences ( B ) .  The methylase ( M e t )  i s  desact ivated 
by truncation. The posi t ion of the mutated Arg200 is  indicated above the 
reimplantated BgZII-PstI fragment drawn i n  a bold l i n e .  E = EcoRI, B = 
BamHI,  H = HindIII,  Bg = BgZII, P = PStI. 

# BglII Pst1 # 

433 AGATCTCAT ..... 
A r a S e r H i s  - 

c ha i i  g e s 
l e a d i n g  to 

TTC 

FIGURE 2. Posi t ion and sequence of the  mixed oligonucleotide used f o r  si- 
multaneous introduction of th ree  mutations a t  the  Arginine 200. The given 
numbers r e f e r  t o  the  ATG startcodon of EcoRI gene. 

with IPTG, when the wildtype enzyme, the  rever tan t  o r  the  LyS200 mutant 

were present  i n  the co r rec t  o r ien ta t ion .  The Gly200 and the  Glu200 var i -  

an t s  were, however, inac t ive  even a f t e r  induction. 

One might have expected, t h a t  the  ac id i c  Glu200 residue leads t o  a 

severe change within the  surface of t he  recognition pocket,  One may a l so  

a t t r i b u t e  a change i n  the overa l l  s t ruc tu re  of t he  enzyme, when the  Gly 

residue is introduced. Thus it i s  comprehensible, t h a t  t he  enzyme l o s t  

a l l  a c t i v i t y  by introduction of these two modifications.  However, in t ro-  

duction of the  lys ine  ins tead  of a rg in ine  i s  a minimal change, s ince 

the  pos i t ive  charge is s t i l l  re ta ined and the  surrounding of the  a - ca r -  

bon is not changed d i r ec t ly .  Thus w e  were pleased t o  f ind  u s  unable, t o  

introduce the Lys200 mutant i n to  normal H B l O l  E.coZi c e l l s .  Only, when 

w e  used an H B l O l  s t r a i n  containinq already another plasmid f o r  high le- 

ve l  expression of lac1 repressor  - pHK278 with te t racyc l ine  res i s tance  
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7 40 DUSTERHOFT AND KROGER 

gene - w e  could clone t h e  Lys200 mutant pHK526. Comparing t h e  k i n e t i c s  

of t h e  decrease i n  surviving c e l l  number, w e  observed a more e f f e c t i v e  

k i l l i n g  r a t e  compared t o  t h e  wildtype. However, t h e  unmodified methyla- 

se gave f u l l  p r o t e c t i o n  t o  both t h e  Lys200 mutant and t h e  wildtype en- 

zyme. One may i n t e r p r e t a t e  t h i s  r e s u l t  i n  t h e  way, t h a t  w e  d i d  n o t  y e t  

change t h e  s p e c i f i c i t y ,  b u t  t h e  k i n e t i c  parameters of t h e  enzyme. 

In  c o n t r a s t  t o  t h e  observed inc reased  a c t i v i t y  i n  our  in v i v o  ex- 

periments,  t h e  p u r i f i e d  Lys200 mutant r a t h e r  showed a thousandfold de- 

creased a c t i v i t y ,  compared t o  t h e  wildtype; leading t o  a c l e a r l y  obser- 

vable  nicking a c t i v i t y  a t  t h e  GAATTC sequence. These da t a  are obtained 

i n  cooperation with D r .  A. Pingoud (Hannover; t o  be publ ished elsewhe- 

r e ) ,  and can no t  be a t t r i b u t e d  t o  any uncontrol led change i n  t h e  primary 

s t r u c t u r e  of t h e  enzyme, s i n c e  t h e  Lys200 mutant i s  resequenced comple- 

t e l y  i n  Hannover. 

Fu r the r  s t u d i e s  w i l l  be  performed, regarding t h e  inf luence of phy- 

s i o l o g i c a l  r a t h e r  than optimal sa l t  cond i t ions ,  and must awai t  a refi-  

ned X-ray s t r u c t u r e .  
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