
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597286

Phosphorothioate-Based Site-Directed Mutagenesis: Extending the Basic
Methodology
Jon R. Sayersa; Walter Schmidta; Fritz Ecksteina

a Max-Planck-Institut für Experimentelle Medizin, Abteilung Chemie, Göttingen, FRG

To cite this Article Sayers, Jon R. , Schmidt, Walter and Eckstein, Fritz(1988) 'Phosphorothioate-Based Site-Directed
Mutagenesis: Extending the Basic Methodology', Nucleosides, Nucleotides and Nucleic Acids, 7: 5, 625 — 628
To link to this Article: DOI: 10.1080/07328318808056298
URL: http://dx.doi.org/10.1080/07328318808056298

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/07328318808056298
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSIDES & NUCLEOTIDES, 7(5&6) ,  625-628 (1988) 

PHOSPHOROTHIOATE-BASED SITE-DIRECTED MUTAGENESIS: 
EXTENDING THE BASIC METHODOLOGY 

Jon R. Sayers, Walter Schmidt and Fritz Eckstein*. 
Max-Planck-Institut fur Experimentelle Medizin, Abteilung Chemie, 

Hermann-Rein-Strasse 3, D-3400 Gi)ttingen, FRG 

ABSTRAC T : The versatility of the phosphorothioate-based site- 
directed mutagenesis method has been extended by employing 5'-  
3 ' exonucleases in the gapping reaction. Mutational frequencies of 
70-95% were routinely achieved. 

INTRODUCTION 
Site-directed mutagenesis has emerged as a powerful tool in 

molecular biology, not only for the elucidation of enzyme structure- 
function relationships, but also in the manipulation of clones for 
easier sub-cloning. The basic phosphorothioate-based site-directed 
mutagenesis method involves annealing an oligonucleotide primer 
to the gene fragment of interest, cloned as the (+)strand of a single- 
stranded phage derivative. The oligonucleotide carries the desired 
mismatch. The template-annealed DNA is then subjected to a 
polymerisation reaction in which deoxycytidine triphosphate is 
replaced by deoxycytidine 5'-0-( 1 -thiotriphosphate), dCTPaS, its 
phosphorothioate analogue. The polymerisation is performed in the 
presence of T4 DNA ligase and thus yields double-stranded closed- 
circular DNA (RF IV DNA) containing phosphorothioate groups in the 
(-)strand only'-3. 

A few restriction enzymes are incapable of completely 
hydrolysing DNA containing a phosphorothioate linkage at the site 
of cleavage4. Thus, the wild type (+)strand may be nicked by a 
restriction enzyme e.g. Nci I, and then degraded by exonuclease 111, 
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a 3’-5’ exonuclease. The procedure generates a gapped DNA species 
containing the mutated sequence in single-stranded form. 
Repolymerisation of this gapped DNA gives the mutant sequence as 
a fully complementary double-stranded species. Transfection of this 
homoduplex RF I V  DNA gives mutational efficiencies of between 45 
and 89% 2 ~ 3 .  

The procedure is limited by two factors. Firstly, only a few 
restriction enzymes generate nicked DNA efficiently from 
phosphorothioate-containing DNA. Nci I, Hind 11, Pvu I and Pst I 
have been used in the procedure. The second factor limiting the 
general applicability of the method is that the enzyme used to gap 
the nicked DNA, exonuclease 111, does so only in the 3’-5’ direction 
and requires a nick close to the 3’ side of the mismatch on the 
(+)strand. This exonuclease is capable of hydrolysing long tracts of 
DNA but commercial samples are often contaminated with 
substances which destroy the (-)strand. Exonuclease I11 is also quite 
sensitive to NaCl concentration, removing approx. 100 nucleotides 
per minute under optimal conditionss. In order to extend the 
usefulness of the method we decided to investigate the use of 5’-3’ 
exonucleases instead of exonuclease I11 to perform the gapping 
reaction. We have also extended the number of restriction enzymes 
suitable for use in the procedure, thus enzymes which normally 
linearise RF IV phosphorothioate-containing DNA may be induced to 
nick the non-substituted (+)strand by performing the reaction in the 
presence of ethidium bromide. 

RESUL TS AND D I S C U S S  ION 
All experimental details are as described previously596. Two 

enzymes, h exonuclease and T7 exonuclease, proved to be suited to 
the task of gapping nicked DNA. T7 exonuclease proved to be 
particularly useful as it rapidly hydrolyses almost all of the 
(+)strand and appears to function efficiently in the buffers used in 
the nicking step. The restriction enzymes Ava I and Ban II nick RF 
I V  DNA prepared with dCTPaS and were used to introduce nicks 
400-600 nucleotides upstream from the site of the mismatch. The 
(+)strand of M13 RF I1 DNA prepared with oligonucleotide primers 
introducing single or double base mismatches was gapped by T7 
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exonuclease (approx. 5 units per pg DNA) in less than 30 min. 
Transfection of a repolymerised sample in SMHSO cells afforded 
mutational efficiencies in the range 70-92%. Similar mutational 
efficiencies were obtained using h exonuclease in the gapping step. 

We also wanted to test the suitability of the method for the 
creation of deletion and insertion mutations. Mismatch 
oligonucleotides designed to insert or delete 16 bases were 
employed in the mutagenesis method using the 5'-3' exonucleases 
in the gapping reaction. Repolymerisation and transfection gave 
mutational efficiencies in the range 72-96%5. 

We wanted to be able to employ a wider range of restriction 
enzymes in the nicking reaction in order to extend the versatility of 
the method even further. Frequently used enzymes such as BamHI, 
Bgl I, Eco RI, Hind 111, Hpa 11, Pvu I1 and Sac I are all capable of 
linearising phosphorothioate-containing DNA under normal reaction 
conditions. However, by performing the nicking reaction in the 
presence of ethidium bromide all of the enzymes we tested (11 in 
total) could be induced to convert R F  IV phosphorothioate- 
containing DNA to the nicked (RF 11) form with a minimum of 
linearisation. The concentration of ethidium bromide required to 
prevent linearisation varied for each enzyme but was in the range 
of 5 pg-80 pg per ml. We then employed such nicking 'reactions in 
our mutagenesis protocols. The mutational efficiencies obtained 
were as follows: Bgl I, 84%; Hind 111, 89%; Hpa 11, 64%; Pvu I1 79%6. 

High efficiency site-directed mutagenesis procedures allow 
direct sequencing of a few putative mutant clones, obviating the 
need for time consuming hybridisation assays and the screening of 
large numbers of plaques associated with standard methods. The 
procedures developed here do not require special cell lines and any 
single-stranded vector may be used as a cloning vehicle. 
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