
 

 

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

Stabilisation of DNA by Incorporation of Phosphothioate Groups
F. Ecksteina

a Max-Planck-Institut für experimentelle Medizin, Göttingen, West-Germany

To cite this Article Eckstein, F.(1985) 'Stabilisation of DNA by Incorporation of Phosphothioate Groups', Nucleosides,
Nucleotides and Nucleic Acids, 4: 1, 77 — 79
To link to this Article: DOI: 10.1080/07328318508077831
URL: http://dx.doi.org/10.1080/07328318508077831

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/10.1080/07328318508077831
http://www.informaworld.com/terms-and-conditions-of-access.pdf


"JCLEOSIDES & NUCLEOTIDES, 4 ( 1 & 2 ) ,  77-79  (1985) 

STABILISATION OF DNA BY INCORPORATION OF PHOSPHOTHIOATE GROUPS 

F. Eckstein 

Max-Planck-Institut fur experimentelle Medizin, Abteilung Chemie, 

D-3400 Gottingen, West-Germany 

Summary: The synthesis of Rp- and Sp-d(GGsAATTCC), an octanucleotide con- 
taining the recognition sequence for the restriction endonuclease ECO R1 
as well as a phosphorothioate group at the cleavage site is described. Only 
the Rp-diastereomer is a substrate for ECO R1. Viral DNA, containing exclu- 
sively phosphate groups in the (+)strand, and phosphorothioate groups 5'- 
to deoxyadenosine in the (-)strand yields nicked DNA on cleavage by ECO R1 
as an isolatable intermediate. Other restriction enzymes show a similar pat- 
tern of hydrolysis. - The influence of phosphorothioate groups on the B Z 
conformational change is demonstrated on phosphorothioate analogues of d(C-G) 
and d(G-C)4. 

4 

Phosphorothioate analogues of nucleotides have proven to be extremely 

useful for the elucidation of certain stereochemical aspects of the mechanism 

of enzyme catalysed phosphoryl and nucleotidyl transfer reactions' ". In 

particular they can be used to determine the stereochemical course of such 

reactions. 

2'-Deoxynucleoside 5'-0-(l-thiotriphosphates) are good substrates for 

various DNA polymerases. All of these accept only the diastereomers of the 

Sp-configuration as substrates and catalyse the polymerisation reaction to 

proceed with inversion of configuration at phosphorus, thus introducing a 

phosphorothioate internucleotidic linkage of the Rp-configuration. The intro- 

duction of phosphorothioate groups into DNA has certain consequences with 

respect to degradation by nucleases. In general phosphorothioate esters and 

diesters are hydrolysed more slowly than the corresponding phosphate esters 

and this is also reflected in nucleases. Thus, the 5 ' + 3 '  exonuclease of DNA 

polymerase I degrades the phosphorothioate internucleotidic linkage only ex- 

tremely slowly. This is also true for the 3 ' + 5 '  exonuclease of this enzyme . 
Since this exonuclease has a proofreading function, the incorporation of deoxy- 

nucleoside phosphorothioates into DNA causes a higher frequency of base mis- 

matches and thus  mutation^^'^'^'^. 

4 , 5  

As preliminary data suggest that also restriction endonucleases cleave 

phosphorothioate internucleotidic linkages only slowly we decided to investi- 
gate this cleavage reaction more closely. In order to do this d(GGsAATTCC), an 
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78 ECKSTEIN 

octamer which con ta ins  t h e  r ecogn i t ion  sequence f o r  t h e  r e s t r i c t i o n  endo- 

nuclcase Eco R 1  a s  we l l  a s  a phosphorothiodte  group a t  t.he c leavage s i t e ,  

w ~ l s  synthesized by t h e  p h o s p h o r m i d i t e  dpproach on s i l i c a  g e l  support'. Two 

procedures  wprv employed t o  o b t a i n  t h e  octdmers with t h e  phosphorothioate  

group i n  e i t h e r  the R p  o r  t h e  Sp-configurat-ion. In  one the phosph i t e  bet~.wet:n 

dG and dA w a s  oxidized by t:he a d d i t i o n  of s u l f u r  on t h e  polymer bound growing 

o l igonuc leo t ide  cha in  r e s u l t i n g  i n  a mixt.ure of phosphorot. l i ioatc groups o f  

t h c  Rp and Sp-confiqurai ton.  They became sepa rab le  by HPLC aft.er enzymat-ic 

phosphorylat-ion of t h e  octamer.  I n  t h e  o t h e r  t h e  t w o  diast-ereomers of d G p ( S ) A  

were syn thes i zed ,  s epa ra t ed  and then  in t roduced  as a b loc  d f t e r  phosph i ty ld t ion  

t o  t h e  polymcr bound o l igonuc leo t ide .  The phosphorothioate  octamers  were iden- 

t i f i e d  by d e s u l f u r i s a t i o n  with iod ine  t o  thr p a r c n t  compound a s  w e l l  a s  by PAB 

mass spectrometry.  Only t h e  octamer wi th  t h e  phosphorothioate  group i n  t h e  

Rp-confiquration was cleaved by Eco R 1 ,  wi th  a r a t e  approximately 20 t imes 

more slowly than I.he a l l  ph0sphaL.e-containinq oct,im?r. The ster?oclieinical  

course of  t h e  enzymatic r e a c t i o n  was determined by c a r r y i n g  o u t  t h e  h y d r o l y s i s  

i n  the  presence of H ' * O  and 31P-NMR a n a l y s i s  of t h e  [180]dATPaS ob ta ined  by 

phosphorylat ion of [**O]dAMPS ob ta ined  from complete d i g e s t i o n  of the  f i r s t  

r e a c t i o n  product  with nuclease P1. The Eco R 1  c a t a l y s e d  r e a c t i o n  proceeds 

with inve r s ion  of  conf igu ra t ion  . 9 

To determine t h e  e f f e c t  oE phosphorothioate  s u b s t i t u t i o n  at r e s t r i c t i o n  

rndonuclease cleavage s i t e s ,  M13 v i r a l ,  c i r c u l a r l y  c losed  s i n g l e  (+ )  s t r a n d  was 

used a s  a templat-e f o r  t h e  s y n t h e s i s  of t h e  ( - ) s t r a n d  i n  the  presence of v a r i o u s  

rlNTPaS a s  s u b s t r a t e s  f o r  DNA polymerase. The r e s u l t i n g  double s t r anded  v i r a l  

DNA is a hybrid where on ly  t h e  ( - ) s t r a n d  c o n t a i n s  phosphorothioate  groups.  On 

incubat ion of such a hybrid synt.hcsized wi th  dATPaS i n s t e a d  of a l ' P  wi1.h ECO R1, 

a nickcd in t e rmed ia t e  i n  t h e  f i r s t  phase of t h e  r e a c t i o n  can be seen as  t h e  

s o l e  product by g e l  a n a l y s i s .  Upon longe r  incuba t ion  t imes  l i n e a r  DNA i s  pro- 

duced. Th i s  r e s u l t  i s  t o  be expected from t h e  obsc rva t ions  made w i t h  t h e  phos- 

phoro th ioa te  con ta in inq  octamer. A s i m i l a r  r e s u l t  i s  seen i n  t h e  r e a c t i o n  w i t h  

B a n  H 1 .  React ions with Ava I on DNA where t h e  phosphorothioate  group i s  5 ' -  

to  dC r e s u l t  i n  t h e  product ion of t h e  nicked m a t e r i a l  a s  t h e  s o l e  product in-  

d i c d t i n g  t h a t  t h e  phosphorothioate  of t h e  Rp-conf i q u r a t i o n  i s  extremely s t a b l e  

towards hydro lys i s  by t.his enzyme. However, i n  t h e  r e a c t i o n  wit .11 Sal I no nicked 

in t e rmed ia t e  i s  d e t e c t a b l e ,  t h e  f i r s t  product  seen being molecules with 

cleavage i n  both s t r a n d s  presumably i n d i c a t i n g  t h a t  a nicked in t e rmed ia t e  

cannot be r e l e a s e d  from t h e  enzyme-DNA complex. These obse rva t ions  sugges t  

t h a t  i nco rpora t ion  of phosphorothioate  groups a t  p a r t i c u l a r  r e s t r i c t i o n  

cleavage s i tes  might be of  use f o r  d i r e c t i n g  s t r a n d  c l e d v q e ,  and thus  i n  

mutagenesis experirnerit.~. 

Experiments with the phosphoroLhioatc analogues of  poly[d(G-C)] indi-  

c a t e  t h a t  t h e  phosphorothioate  group h a s  a profound in f luence  on (.he B +  Z 
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PHOSPHOTHIOATE INCORPORATION INTO DNA 79  

t r ans i t i on" '  l l .  Thus, a phosphorothioate  group 5 '  t o  deoxycyt idine f a c i -  

l i t a t e s  it whereas such a group 5 '  t o  deoxyguanosine p reven t s  it. These d a t a  

p o i n t  t o  a p o s s i b l e  involvement of  t h e  phosphate groups i n  t h i s  p rocess .  Stu- 

d i e s  with phosphorothioate  analogues of  d(C-GI4 and d(G-C)4 where a phospho- 

r o t h i o a t e  group o f  e i t h e r  t h e  Sp- o r  t h e  Rp-configurat ion i s  inco rpora t ed  

5 ' -  t o  dG i n  t h e  former and 5 ' -  to  dC i n  t h e  l a t t e r ,  show t h a t  t h e  configu-  

r a t i o n  of t h e  phosphorothioate  p l a y s  an important  role i n  t h i s  p r o c e s s L L .  

Thus o n l y  Sp-phosphorothioate 5 ' -  t o  dG and Rp 5 ' -  t o  dC allow t h i s  confor-  

mat ional  t r a n s i t i o n  t o  occur .  The kind of i n f l u e n c e  t h e s e  phosphoro th ioa te s  

e x e r t  on a n  o l i g o n u c l e o t i d e  t o  f a c i l i t a t e  or preven t  t h i s  t r a n s i t i o n  i s  no t  

c l e a r .  In spec t ion  of models sugges t s  t h a t  a d i r e c t  i n t e r a c t i o n  of s u l f u r  with 

o t h e r  atoms i s  n o t  involved. W e  t h u s  conclude t h a t  p o s s i b l y  hydrophobic i n -  

t e r a c t i o n s  p l ay  a r o l e  i n  t h i s  process .  
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