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DOES INTERACTION OF dNTP GLYCONE WITH AN ACTIVE 
CENTER OF REVERSE TRANSCRIPTASES TAKES PLACE? A MODEL 

FOR A BINDING SITE 

Alexander A.Krayevsky*, Natalya B. Dyatkina, Marina K. Kukhanova 

Engelhardt Institute of Molecular Biology, Russian Academy of Sciences, 
32 Vavilov st. Moscow 117984, Russia 

Abstract: A model for the active center of reverse transcriptases is discussed 

A fine structure of active centers of different DNA polymerases is 
investigated by various methods including inhibitor analysis. The latter 
approach allowed to reveal some differences in their structures1J. Summarizing 
the data obtained one can divide DNA polymerases into three groups: 
mammalian replicative DNA polymerases, which are shown to be the most 
specific, reverse transcriptases (RTs) of retro and hepadnaviruses, which seem 
to be the least specific, and mammalian repairing DNA polymerases which 
take an intermediate place. 

RTs can incorporate into 3'-termini of growing DNA chains modified 
dNTP with bulky substituents in 3'-position (for references seelJ), both in 
DNA-dependent and in RNA-dependent synthesis. As a rule, all these 
compounds are not incorporated by other DNA polymerases up to 100 fold 
higher concentrations. 

The RTs also show decreased specificity towards glycone conformation 
of dNTP substrates. Among termination substrates of RTs one can mention 
2',3'-dideoxynucleoside 5'-triphosphates with 2',3'-double bond3, 2',3'-ribo- and 
lyxoepoxy4, 2',3'-nbo- and 2',3'-lyxothiirane5, and with 2',3'-double bond and 
other modifications in the glycone6-9. 

Based on the variability of the substrate's structure one could speculate 
what fragments of dNTP molecules could bind to [RT + template-primer] 
complexes in a special manner. Binding of a nucleic base of dNTP (with 
Watson-Crick complex formation) and a triphosphate part were shown to take 

735 

Copyright 0 1995 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



736 KRAYEVSKY, DYATKINA, AND KUKHANOVA 

place. With the aim to investigate the glycone contribution to the binding 
process of dNTPs with [RT + template-primers] complexes we have 
synthesized model substrates of 1-6 types. 

All these compounds were demonstrated to be termination substrates. 
For all of them we measured either K, of incorporation reaction in both [RT 
+ DNA template-DNA primer] and [ RT + RNA-template-DNA primer] 

4 B=Ade, Gua, Cyt, Thy 5 6 

complexes or their IC,, in the DNA elongation reaction. All these data reflect 
the affinity of 1-6 to DNA synthesizing complexes. The K, and relative V,,, 
for 1-2 are shown in5, and Table 1 demonstrates them for 5-610. IC,, for 
3/dNTP (in moles) are 0.9-1.27 and for 4 - 1.3-1.411. 

The analysis of these data together with some others from literature 
allows some conclusions. 

1. Absence of the 3'4iydroxyl in dNTPs does not markedly decrease 
affinity of the compounds to RT. 

2. Introduction of a cis double bond between C2'-C3' does not decrease 
afinity of 2',3'-dideoxy-2',3'-didehydronucleoside 5'-triphosphates. 

enantionier series. 
3. Nucleoside in such a modified dNTP can be either D and L 

4. Endocyclic oxygen in glycone can be replaced by CH2-group or 
removed. The C5'-OCH, group also can be replaced by a C5'-CH20 group. 

A general conclusion that glycone does not participate in binding of 
dNTP with [RT + template-primer] complex in a specific way is supported 
also by the data that nearly each atom of te glycone in dNTP can be either 
replaced or removed. Nevertheless, dNTP glycone in an enzyme active center 
serves as a framework for correct distance of the nucleic base in respect to 
triphosphate residue at a definite distance and at a definite torsion angle 
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dNTP GLYCONE INTERACTION WITH HIV RT BINDING SITE 
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[Enzyme +template-primer] 
AMV RT + A* I AMV RT+ B* AMV RT+ C* HIV RT + C* 

&w Vmm/ k, Vm,/ K m ?  V m z J  K,? ',ax/ 
PM V m a  PM 'ma PM Vmax PM 'ma 

(dATP) (dATP) (ddATP) (ddATP) 
0.03 0.72 0.028 0.63 0.069 1.38 0.021 1.26 

0.019 0.77 0.076 0.77 0.014 1.51 0.034 1.52 
1.72 1.00 0.034 1.00 - - - - 
- - 0.21 0.83 . 0.19 . 1.00 , 0.19 , 1.00 

;'OH 
HO 

Figure 1 
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738 KRAYEVSKY, DYATKINA, AND KUKHANOVA 

between a glycoside and C4'-C5' bonds (Fig. 1, where: a - the distance between 
Nl  (for pyrimidines) or N9 (for purines) and C5'; b - the distance between 
internucleoside phosphate groups). So, the introduction of C2'-C3' double 
bond into dNTP also decreases the nucleic base rotation barriers because it 
eliniinates the interaction of a base with the C2'-hydrogen and facilitates the 
Watson-Crick base pair formation with the teniplate'2313. Probably such 
decrease in base rotation barriers defines the higher affinity of 1-6 to DNA 
synthesizing complexes. 

It should be mentioned that active centers of other DNA polynierases 
can have significant differences in comparison with those for RTs, and their 
analysis has to be made individually. 

Acknowledgment: this investigation was supported by the Russian Fund of 

Fundamental Research, grant N 93-04-20542 and the Program "National Priorities in  

Medicine and Public Health. AIDS" grants 306 and 351. 

REFERENCES 

1. Krayevsky, A.A.; Kukhanova, M.K.; Atrazhev, A.M.; Dyatkina, N.B.; Papchikhin, 
A.V.; Chidgeavadze, Z.G.; Beabealashvilli, RSh.  Nuclcosides & Nucleotides, 1987, 7, 613- 
617. 

2. Krayevsky, A.A.; Mol.Biol.Russian, 1992, 26, 725-744. 
3. Dyatkina, N.B.; Kukhanova, M.K.; Ksayevsky, A.A.; van Jarita Lipinski, M.; 

Chidgeavadze, Z.G.; Beabealashvilli, R.Sh. FEBS Letters, 1987, 219, 151- 155. 
4. Chidgeavadze, Z.G.; Beabealashvilli, R.Sh.; Rozovskaya, T.A.; Atrazhev, A.M.; 

Tarussova, N.B.; Minassyan, S.KJi.; Dyatkina, N.B.; Kukhanova, M.K.. Papchikhin, A.V.; 
Ksayevsky, A.A. Mof.Biol.Russian, 1989,23, 1732- 1742. 

5. Semizarov, D.G.; Victorova, L.S.; Krayevsky, A.A.; Kukhanova, M.K.; FEBS 
Lett., 1993, 327, 45-48. 

6. White, E.L.; Parker, B.; Masy, L.J.; Shaddix, S.C.; McGaleb, B.; Secrist 111, J.A.; 
Vince, R.; Shannori, W. Biochem.Biophp.Res.Co~iuIi., 1989, 161, 389-398. 

7. Krayevsky, A.A.; Victorova, L.S.; Mozzherin, D.Ju.; Kukhanova, M.K. 
Nucfeosides & Nucleotides, 1993, 13, 83-93. 

8. Daikoku, T.; Yamamoto, N.; Saito, S.; Kitagava, N.; Shimada, N.; Nishyiania, 
Y .N . Biochem. Biophp. Res. Commun., 1 993, 176, 805- 8 1 2. 

9. Coe, D.M.;Roberts, S.M.; Stores, R. J.Chem.Soc.Perkiri T ~ I I s . ,  1992, 2695-2704. 
10. Semizarov, D.G.; Victorova, L.S.; Dyatkina, N.B.; von Janta Lipinsky. 

1 1 .  Shirokova, E.A.; Tarussova, N.B.; Shipitsin, N.V.; Semizarov, D.G.; Krayevsky, 

12. Guiskaya, G.V.; Bochkarev, A.V.; Zhdanov, AS.; Dyatkina, N.B.; Krayevsky, 

13. Van Roey, P.; Taylor, E.W.; Chu, C.K.; Scinazi. R.F. J.Amcr.ClicrI/.Soc., 1993, 

M.;i(rayevsky, A.A. FEBS Letters, in press. 

A.A. J.Med.Chem. in press. 

A.A. Int.J.Pul:Pyr.Res., 1991, 2, 55-60. 

115, 5365-5371. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


