
 

 

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

Alpba-Oligodeoxynucleotides as Inhibitors of HIV Reverse Transcriptase
R. Pauwelsa; Z. Debysera; J. Balzarinia; M. Babaa; J. Desmytera; B. Raynerb; F. Morvanb; J. L. Imbachb; E.
De Clercqa

a Rega Institute for Medical Research, Katholieke Universiteit Leuven, Leuven, Belgium b Laboratoire
de Chimie Bio-Organique. Université des Sciences et Techniques du Languedoc, Montpellier Cedex,
France

To cite this Article Pauwels, R. , Debyser, Z. , Balzarini, J. , Baba, M. , Desmyter, J. , Rayner, B. , Morvan, F. , Imbach, J. L.
and De Clercq, E.(1989) 'Alpba-Oligodeoxynucleotides as Inhibitors of HIV Reverse Transcriptase', Nucleosides,
Nucleotides and Nucleic Acids, 8: 5, 995 — 1000
To link to this Article: DOI: 10.1080/07328318908054262
URL: http://dx.doi.org/10.1080/07328318908054262

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/10.1080/07328318908054262
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSIDES & NUCLEOTIDES, 8 ( 5 & 6 ) ,  995-1000 (1989) 

ALPBA-OLIGODgOX"UCLEOTIDES As INHIBITORS OF H I V  BEVgIlSE TRANSCRIPTASE 
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E. De Clercq 
J. Desmyterl. B. Rayner', F. Morvan'. J.L. Imbach' and 
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'Rega Institute for Medical Research, Katholieke Universiteit Leuven, B- 
3000 Leuven, Belgium 

'Laboratoire de Chimie Bio-Organique. Universite des Sciences et 
Techniques du Languedoc, 34060 Montpellier Cedex, France 

Abstract : A number of oligodeoxynucleotides containing thymine bases 
linked to the deoxyribose in the a-configuration have been synthesized. 
In view of the possible activity of a-origomers as antisense compounds 
against HIV replication, the effects of a-thymidylate oligomers (a-dTn, 
11-1-16) in a poly(A)-directed HIV reverse transcriptase (RT) reaction 
were investigated. No priming activity could be detected with the a-dT 
oligomers at concentrations up to 100 pM. However, in the presence of 
the natural R-dT12-1 primer, 50% inhibition of RT activity was achieved 
at a concentration o? about 1 p l l  with the a-dT oligomers containing 2 10 
monomer units. The kinetics of RT inhibition by the a-decamer was found 
to be competitive with respect to the natural primer, 13-dT10. 

INTRODUCTION 

Oligodeoxynucleotides, which are complementary to vital segments of 
the HIV genome, referred to as "antisense" compounds, offer a valuable 
approach in the search for highly specific drugs against H I V  

replication. In natural oligodeoxynucleotides, the purine and pyrimidine 

bases are attached to the D-2-deoxyribose by a glycosyl bond in the 8- 
configuration. These deoxyribonucleosides are then joined by 5 ' -  3 '  

phosphodiester bonds. The use of these R-oligodeoxynucleotides as 
antisense molecules is compounded by poor cellular uptake and premature 

degradation by nucleases which hydrolyse the internucleoside P-0 
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linkages (1). Ideally, antisense molecules should be resistant towards 

degradation by nucleases, be taken up by cells and exhibit a strong 

affinity for their complementary target sequences. 
In attempts to achieve these goals, an intercalating agent has been 

attached to the oligodeoxynucleotide chain (2.3) and the phosphodiester 
linkage has been modified (4-6). An alternative approach is based on the 

use of oligomers containing a-2'-deoxynucleotides. These compounds are 

resistant to nucleases (7,8), form stable parallel duplex structures 

with their B-anomeric complements (9-12) and can be automatically 

assembled by using DNA synthesizers (13). In this study, we determined 

the ability of a-thymidylate oligomers to interact with the R-poly(A)- 

directed HIV reverse transcriptase reaction. This system may provide 

useful information on the potential of antisense a-oligomers as anti-HIV 

agents. 

BESULTS AND DISCUSSION 

A number of oligodeoxynucleotides were synthesized, all of which 

contained thymine bases linked to deoxyribose in the a-configuration 

(13). The number of monomers in the a-oligodeoxynucleotides varied from 

1 to 16 : a-dT, a-dT2, a-dT4, a-dT6. a-dT8. a-dTlO. a-dT12. a-dT14 and 

a-dT16. These compounds were evaluated against HIV-associated reverse 

transcriptase using B-poly(A) as a template. This reverse transcriptase 

reaction is usually primed by a D-thymidylate oligomer containing 12 to 

18 monomers. 

The RT-assay conditions were chosen such that immediate mixing of 

template [poly(A)], &primer (B-dT12-,, or D-dTI0) and/or a-oligomers 

occurred at 4 O C  prior to the addition of the RT enzyme preparation, 

after which the temperature was raised to 37 OC. Whereas 13-dT12-18 

efficiently primed the HIV RT reaction at a concentration of 7.5 #4, no 

such priming activity was seen when a-dT8, a-dTlO. a-dTlg. a-dT14 and a- 

dT16 were incubated at concentrations up to 100 @-I in the absence of the 
natural primer (Table 1). These observations indicate that the a-dT 

oligomers did not function as primers for the RT reaction. 
When varying concentrations of the a-thymidylate oligomers were 

incubated in the presence of 7.5 @-I 13-dT12-18, 50% inhibition of 

[methyl- H]dTTP incorporation was achieved at concentrations of 1-5 @-I 3 
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TABLE 1. Inhibitory effects of various a-oligodeoxynucleotides on HIV- 
associated reverse transcriptase. 

Compound Priming activitya ( p ~ )  ID-SOb (pM) 

a-dT 

a-dTp 
a-dT4 

> 100 

> 100 

> 100 
U-dTg - 45 

a-dT8 > 100 12 

a-dT10 
a-dT12 
a-dT14 

> 100 
> 100 

> 100 

4.4 
2.1 

1.4 
a-dT16 > 100 1.2 

3 aDose required to obtain a 50% incorporation of [methyl- HIdTTP in the 
tbsence of normal primer [13-dT12-ls]. 
Dose required to inhibit the HIV-RT reaction by 50% in the presence of 

7 . 5  pM Of B-primer [R-dT12-18]. 

with a-dTlO, a-dT12, a-dT14 and a-dT16 (Table 1). RT-inhibitory activity 
was not observed for the a-oligodeoxynucleotides containing 1 to 4 

thymidylate monomers but gradually increased when the chain length of 

the oligodeoxynucleotide increased from 6 to 14 units, whereafter it 
levelled off (Table 1). The a-oligomers, a-dT12 and a-dT14 were found 
not to be inhibitory to the RT reaction when poly(1) instead of poly(A) 

was used as exogenous template and R-dC12-18 in stead of 13-dT12-18 as 
the primer (data not shown). These observations indicate that the a-dTn 

oligomers owe their inhibitory effect on RT activity to interference 
with the template function of the R-poly(A). 

Finally, the kinetics of RT inhibition by the a-thymidylate decamer 

was studied with respect to the natural primer, R-dT1,,. In these 
experiments the concentrations of template [poly(A)] and substrate 
([methyl- HIdTTP) were kept constant while the RT-inhibitory effects of 
different concentrations of a-decamer were determined in the presence of 
varying concentrations of B-dTlO. The Lineweaver Burk plot depicted in 
Fig. 1 shows a competitive type of inhibition by a-dT10 with respect to 
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FIG. 1 Lineweaver Burk plot for the kinetics of inhibition of HIV 
reverse transcriptase by the a-thymidylate decamer. Poly(A) was used as 
the template and R-dT10 as the primer of wh,ich the concentration varied. 

B-dTlO. The Km value for the natural substrate was 2.7 pM, whereas the 

concentration of a-decamer that doubled the slope in this plot (Ki 

value) was 0.08 pM. 

Based on these findings, we postulate that antisense a- 

oligodeoxynucleotides consisting of at least 10 monomeric units may have 

considerable potential as anti-HIV agents. The a-thymidylate oligomers 
are not cytotoxic to MT-4 cells at concentrations up to 100 @l (data not 

shown). Whether these or other a-oligodeoxynucleosides with defined 

sequences are also able to block HIV replication remains subject of 

further study. 

EXPEBIHENTAL SECTION 

Compoundr. The a-oligodeoxynucleotides a-dT, a-dT2, a-dT4. a-dT6, 

a-dT8, a-dTlO, a-dT12, a-dTlq and a-dT16 were dissolved in sterile 

water. Concentrations were determined spectrophotometrically (molar 

absorption coefficients : 8880. 17760, 35520, 61800, 70000, 83300, 

88800 .  109800 and 138400, respectively). All stock solutions were stored 

at -20 O C  until used. 
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Beveree tranecription aeeay. Reverse transcriptase (RT) assays were 

carried out with partially purified human immunodeficiency virus (HIV). 
The culture fluids from a HUT-781HTLV-IIIB producing cell line were 

clarified by low speed centrifugation. Virus particles were subsequently 

sedimented by centrifugation at 100,000 g for 60 min. The viral pellet 

was incubated on ice for 30 min with a solubilization buffer containing 

0.1 X Triton X-100,  1 mM Dithiothreitol and 50 X glycerol and stored in 
aliquots at -70 OC until used. The inhibitory effects of the a- 

oligodeoxynucleotides on RT activity were performed with exogenous 

poly(A) as template and B-dT12-18 as primer. The reaction mixture (50 

pl) contained 50 mM Tris-HC1 (pH 7.8), 5 mM dithiothreitol, 300 pkl 

glutathione, 500 JLM EGTA, 150 mM KC1, 5 mM MgC12, 1.25 pg bovine serum 

albumin, 1 JLM [meth~l-~H]dTTP (specific radioactivity : 30 Ci/mmol) (5 
pCi), 4.4 pg/ml poly(A), 7.5 p H  D-dT12-18, 0.03 X Triton X-100. 10 b1 

solution containing varying concentrations of the compounds and 10 ~1 of 
the reverse transcriptase preparation. The poly(I).oligo(dC) reaction 

mixture contained the same reagents as the poly(A).oligo(dT) reaction 

mixture, except for that the concentrations of MgC12 and KC1 were 

adjusted to 2.5 mM and 200 @4, respectively, whereas [meth~l-~H]dTTP was 
substituted by [meth~l-~H]dCTP (specific radioactivity : 19.4 Cilmmol) 

(5 FCi). The reaction mixtures were incubated at 37 'C for 60 min, 

whereafter 100 pl calf thymus DNA (150 pg/ml), 2 ml Na4P207 (0.1 M in 1 
N HC1) and 2 ml TCA (10 X v/v) were added. The solutions were kept on 

ice for at least 30 min, after which the acid-insoluble material was 

washed and analyzed for radioactivity. 
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