
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 26 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

Study of the Enantioselectivity of Enzymes Involved in Nucleoside
Analogue Metabolism: Deoxycytidine Kinase
M. Shafieea; V. Boudoua; J. -F. Griffona; A. Pompona; G. Gosselina; S. Erikssonb; J. -L. Imbacha; G.
Maurya

a Laboratoire de Chimie Bioorganique, UM 5625 du CNRS, Département de Chimie Organique Fine,
Université Montpellier 2, Montpellier, France b Department of Veterinary Medical Chemistry, the
Biomedical Center, Swedish University of Agricultural Sciences, Uppsala, Sweden

To cite this Article Shafiee, M. , Boudou, V. , Griffon, J. -F. , Pompon, A. , Gosselin, G. , Eriksson, S. , Imbach, J. -L. and
Maury, G.(1997) 'Study of the Enantioselectivity of Enzymes Involved in Nucleoside Analogue Metabolism:
Deoxycytidine Kinase', Nucleosides, Nucleotides and Nucleic Acids, 16: 7, 1767 — 1770
To link to this Article: DOI: 10.1080/07328319708006274
URL: http://dx.doi.org/10.1080/07328319708006274

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/10.1080/07328319708006274
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSIDES & NUCLEOTIDES, 16(7-9), 1767-1770 (1997) 

STUDY OF THE ENANTIOSELECTIVITY OF ENZYMES 
INVOLVED IN NUCLEOSIDE ANALOGUE METABOLISM: 

DEOXYCYTIDINE KINASE 

M. Shafiee”, V. Boudou”, J.-F. Griffon”, A. Pompon”, G. Gosselin”, S. Erikssonb, 
J.-L. Imbach”, and G. Maury”’ 

Laboratoire de Chimie Bioorganique, UM 5625 du CNRS, De‘partement de Chimie 

Swedish University of Agricultural Sciences, Department of Veterinary Medical 
Organique Fine, Universite‘ Montpellier 2, 34095 - Montpellier Ce‘dex - 5, France. 

Chemistry, the Biomedical Center, Box 575, 975123 Uppsala, Sweden. 

Abstract: The substrate properties of recombinant human deoxycytidine kinase 
(dCK) with regard to a series of D- or L-enantiomers of cytidine , 2’-deoxycytidine, and 
2’,3’-dideoxycytidine analogues were studied using HPLC analysis. Our results suggest 
that dCK has a remarkably relaxed enantioselectivity with respect to a large number of 
cytidine derivatives in the P configuration. 

The recent discovery of the anti-HIV activities of a number of nucleoside 

analogues having the unnatural L configuration has led to the study of the 

enantioselectivity of several key enzymes involved in their metabolism and the 

mechanism of inhibition. First, the target enzyme, e.i. HIV-Reverse Transcriptase, has 
been shown in most examined cases to present a relaxed enantioselectivity and to 

catalyze the incorporation of both D- and L-nucleoside analogues.“’ *) The justification of 

the antiviral activities of P-L-2’,3’-dideoxycytidine, P-L-2’,3’-dideoxy-5-fluorocytidine, 

(2R, 5S)-1-[2-(hydroxymethyl)1,3-oxathio1ane-5 yllcytidine (3TC), (2R, 5S)-5-fluoro-l- 

[Z(hydroxymethyl)- 1,3-0xathiolane-5 yllcytidine (FTC), and other L-nucleosides 

 analogue^(^-^) has been found in the results of the studies of their interaction with cellular 

 enzyme^.",^' These results suggest that the cellular enzymes present strict 

enantioselectivities except deoxycytidine k ina~e (~>~)  and, to a certain extent, nucleotide 

kinases and nucleoside diphosphate kinases.‘” 
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1768 SHAFIEE ET AL. 

In order to establish structure-activity relationships which may be useful for the 

search of new active analogues, we have studied the substrate properties with respect to 

deoxycytidine kinase of a series of cytidine derivatives (mostly L-enantiomers) 

synthesized in our laboratory. This series includes analogues with already known antiviral 

properties as well as other new cytidine derivatives. The synthesis and characterization of 

these new analogues will be reported elsewhere.(@ 

The enqme used in our experiments was dimeric recombinant human 

deoxycytidine kinase (dCK)" 8 ,  which presented a specific activity of 0.24 

Fmoles/min.mg with respect to P-D-2'-deoxycytidine (D-dC). The substrate properties 

ofthe cytidine analogues were determined from steady state kinetic studies at 37 "C. The 

reaction medium contained Tris HCl(50 mM) pH 7.5, DTT (lmM), NaF (15 mM), BSA 

(0.5 mg/ml), ATP (5 mM), MgCI, (5 mM), the substrate (in the range of 7-100 pM) and 

dCK. HPLC analysis of the reaction medium was performed using a 3p Hypersil ODS 

column and the following elution system: (A) Tetrabutylammonium hydrogenosulfate- 

phosphoric acid ( PIC A-Waters) ( 5  mM), (B) Buffer A and 50 % acetonitrile ( 1 ml. 

mid'). The kinetic parameters were obtained from the Lineweaver-Burk treatment, and 

the corresponding substrate efficiencies (Vm/Km) were calculated (Table 1). 

Our results confirm the data of Van Draanen et al. obtained with calf thymus 

deoxycytidine kina~e.'~' These authors also suggest that the enantioselectivity of human 

deoxycytidine kinase is relaxed with respect to a number of cytidine analogues. In the 2'- 

deoxy series, our results show that D-dC is the most efficient examined substrate but the 

enzyme does not markedly discriminate the enantiomers and the substrate efficiencies are 

remarkably similar. 3TC has a substrate efficiency higher than that already determined 

using calf thymus dCK. (4) In the series of the 2',3'-dihydroxy analogues, p-D- and 0-L- 

araC are by far the most efficient substrates with the L-enantiomers more active than the 

D as previously reported in the case of calf thymus dCK."' Similarly, P-L-cytidine is a 

much better substrate than P-D-cytidine. The enzyme is relatively specific of the nature 

of the pentose in the series of the P-L-enantiomers of the 2',3'-dihydroxy nucleoside 

analogues with substrate efficiency decreasing according to the sequence: P-L-araC > 
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TABLE 1 : Substrate properties of D- and L-cytidine analogues with respect to human 
recombinant deoxycytidine kinase. 

Km Vm Vm/Km 

(PM) (pmoles/min.mg) (Rel.) 
Compound 

2’-Deoxy analogues: 

P-D-2 ’ -Deoxycytidine 

P-L-2’-Deoxycytidine 

P-D-2’,3 ’-Dideoxycytidine 

P-L-2’,3 ’-Dideoxycytidine 

P-D-2’,3 '-Dideoxy- S-fluoro-cytidine 

P-L-2 ’,3 ’-Dideoxy-5-fluoro-cytidine 

3TC 

2’,3’-Dihydroxy analogues: 

Cytosine P-D-arabinofuranoside 

Cytosine P-L-arabinofiranoside 

P-D-C ytidine 

P-L-Cytidine 

Cytosine P-L-lyxofuranoside 

Cytosine P-L-xylofuranoside 

5-Fluorecytosine P-L-xylofuranoside 

3 ’-Deoxy-3 ’-fluoro-P-L-5-fluorocytidine 

9 

8 

24 

29 

63 

21 

12 

14 

5 

60 

26 

77 

59 

77 

62 

0.24 

0.087 

0.10 

0.15 

0.29 

0.12 

0.53 

1.04 

0.52 

0.21 

1.30 

1.04 

0.74 

0.92 

0.115 

1 

0.30 

0.16 

0.20 

0.17 

0.22 

0.60 

1 

1.4 

0.05 

0.67 

0.19 

0.18 

0.16 

0.03 
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1770 SHAFIEE ET AL. 

P-L-riboC >> P-L-lyxoC E P-L-XyloC. This seems to indicate that the activity of the 

b-L-analogues of this series is dependent on the stereochemistry of the 2’-hydroxyl 

group. In contrast, the corresponding a-L-enantiomers (a-L-araC, a-L-lyxoC, a-L- 

xyloC, and a-L-riboC) were completely devoid of substrate properties. 

In conclusion, our study suggests that a large number of P-L-cytidine analogues 

may be substrates of dCK and consequently may have a potential to be used in antiviral 

or anticancer therapy. However, limitations may exist if the enantioselectivities of the 

other activating enzymes, nucleotide kinases and nucleoside diphosphate kinases, are not 

favourable. 
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