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STABILISATION OF DNA BY INCORPORATION OF PHOSPHOTHIOATE GROUPS

F. Eckstein
Max-Planck-Institut fir experimentelle Medizin, Abteilung Chemie,

D-3400 Goéttingen, West-Germany

Summary: The synthesis of Rp- and Sp-d(GGsSAATTCC), an octanucleotide con=-
taining the recognition sequence for the restriction endonuclease Eco R1

as well as a phosphorothicate 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 phosphorothicate 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 phosphorothicate groups on the B 2
conformational change is demonstrated on phosphorothicate analogues of 4(C-G)
and d(G-C)4.

4
Phosphorothiocate analogues of nucleotides have proven to be extremely
useful for the elucidation of certain stereochemical aspects of the mechanigm

1'2’3. In

of enzyme catalysed phosphoryl and nucleotidyl transfer reactions
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
phosphorothicate internuclectidic linkage of the Rp-configuration. The intro-
duction of phosphorothiocate groups into DNA has certain consequences with
respect to degradation by nucleases. In general phosphorothicate 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 phosphorothicate internucleotidic linkage only ex-
tremely slowly. This is also true for the 3'-+>5' exonuclease of this enzyme4'5.
Since this exonuclease has a proofreading function, the incorporation of deoxy-
nucleoside phosphorothicates into DNA causes a higher freguency of base mis-
matches and thus mutations4'5'6'7.
As preliminary data suggest that also restriction endonucleases cleave

phosphorothicate internucleotidic linkages only slowly we decided to investi-

gate this cleavage reaction more closely. In order to 3o this d(GGSAATTICC), an

77

Copyright © 1985 by Marcel Dekker, Inc. 0732-8311/85/0401-0077$3.50/0



10: 06 27 January 2011

Downl oaded At:

78 ECKSTEIN

octamer which contains the recognition sequence for the restriction endo-
nuclease Eco Rl as well as a phosphorothioate group at the cleavage site,

was synthesized by the phosphoramidite approach on silica gel SupportB. Two
procedures were employed to obtain the octamers with the phosphorothioate
group in either the Rp or the Sp-configuration. In one the phosphite between
dG and dA was oxidized by the addition of sulfur on the polymer bound growing
oligonucleotide chain resulting in a mixture of phosphorothicate groups of

the Rp and Sp-configuraiton. They became separable by HPLC after enzymatic
phosphorylation of the octamer. In the other the two diastereomers of d Gp(S)A
were synthesized, separated and then introduced as a bloc after phosphitylation
to the polymer bound oligonucleotide. The phosphorothicate octamers were iden-
tified by desulfurisation with iodine to the parent compound as well as by FAB
mass spectrometry. Only the octamer with the phosphorothiocate group in the
Rp-configuration was cleaved by Eco Rl, with a rate approximately 20 times
more slowly than the all phosphate-containing octamer. The stereochemical
course of the enzymatic reaction was determined by carrying out the hydrolysis
in the presence of H 18O and 31P—NMR analysis of the [180]dATPuS obtained by
phosphorylation of [ 8O]dAMPS obtained from complete digestion of the first
reaction product with nuclease Pl. The Eco R1 catalysed reaction proceeds

with inversion of configurationg.

To determine the effect of phosphorothioate substitution at restriction
endonuclease cleavage sites, M13 viral, circularly closed single (+)strand was
used as a template for the synthesis of the (-)strand in the presence of various
dNTPyS as substrates for DNA polymerase. The resulting double stranded viral
DNA is a hybrid where only the (-)strand contains phosphorothioate groups. On
incubation of such a hybrid synthesized with AATPyS instead of dATP with Eco R1,
a nicked intermediate in the first phase of the reaction can be seen as the
sole product by gel analysis. Upon longer incubation times linear DNA is pro-
duced. This result is to be expected from the observations made with the phos—
phorothicate containing octamer. A similar result is seen in the reaction with
Bam Hl. Reactions with Ava I on DNA where the phosphorothicate group is 5'~
to dC result in the production of the nicked material as the sole product in-
dicating that the phosphorothiocate of the Rp-configuration is extremely stable
towards hydrolysis by this enzyme. However, in the reaction with Sal I no nicked
intermediate is detectable, the first product seen being molecules with
cleavage in both strands presumably indicating that a nicked intermediate
cannot be released from the enzyme-DNA complex. These cobservations suggest
that incorporation of phosphorothicate groups at particular restriction
cleavage sites might be of use for directing strand cleavage, and thus in
mutagenesis experiments.

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

cate that the phosphorothiocate group has a profound influence on the B> Z
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PHOSPHOTHIOATE INCORPORATION INTO DNA

L1
transition

0'11. Thus, a phosphorothiocate group 5' to deoxycytidine faci-

litates it whereas such a group 5' to deoxyguanosine prevents it. These data

point to a possible involvement of the phosphate groups in this process. Stu-

dies with phosphorothioate analogues of d(C-G)

and d(G-C), where a phospho-

4 4

rothiocate group of either the Sp- or the Rp-configuration is incorporated

5'- to dG in the former and 5'- to dC in the latter, show that the configu-

ration of the phosphorothicate plays an important role in this process12

Thus only Sp-phosphorothioate 5'- to dG and Rp 5'~ to dC allow this confor-

mational transition to occur. The kind of influence these phosphorothiocates

exert on an oligonucleotide to facilitate oxr prevent this transition is not

clear. Inspection of models suggests that a direct interaction of sulfur with

other atoms is not involved. We thus conclude that possibly hydrophcebic in-

teractions play a role in this process.

10.

11.

12,
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