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Abstract: The synthesis of the reduced form of AZT-triphosphate, 3-amino-3'-deoxythymidine-5'~triphosphate, and of its stable
analog, 3'-amino-3'-deoxythymidine-5'-(c,B:B,y-bis-methylene)triphosphate, is described. AMT-TP and AMT-PCPCP were
prepared to develop a specific immunometric assay for AZT-TP. © 1999 Elsevier Science Ltd. All rights reserved.

Till the discovery in the mid-1980s that AIDS results from infection by a retrovirus, human
immunodeficiency virus (HIV), therapy has focused on the design of inhibitors targeted to HIV-reverse
transcriptase (RT) and protease (PR), two main enzymes of the virus. Despite several classes of promising new
anti-HIV agents, the clinical emergence of drug resistant variants of HIV has severely limited the long term
effectiveness of these drugs!-4. Combination of anti-HIV agents is now being explored as therapeutic
modalities to prevent or delay emergence of virus-drug resistance3-11, In these conditions however the
emergence of other causes leading to therapy failure are observed. In 1998 a treatment escape mechanism
related to the metabolism of nucleoside RT inhibitors (NRTIs) has been reported 1213, supported by previous
observations indicating negative metabolic interferences between antiviral nucleosides!4-16. In order to
precociously detect the emergence of such resistance phenomena, clinicians need efficient tools to monitor the
intracellular concentration of NRTIs and of their metabolites (NRTI-MPs, NRTI-DPs, and NRTI-TPs).

Herein we describe our strategy for the production of specific antibodies directed against AZT-
triphosphate (AZT-TP) and the elaboration of an enzyme immunometric assay called SPIE-IA (solid-phase
immobilized epitope-immunoassay)!7-21. In the SPIE-IA technique, a specific monoclonal antibody is
immobilized on a 96-well titerplate to ensure full capture of hapten during the immunological reaction (Sch. 1).
The trapped molecule is then covalently linked to the plate by means of either a bifunctional cross-linking
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reagent able to react with both the hapten and the plate, or by long wave UV irradiation (photo SPIE-IA)22, .
After denaturing treatment, the hapten covalently bound to the solid phase can react again with the same
acetylcholinesterase-labeled monoclonal antibody used as tracer23. Due to the use of excess reagent, SPIE-IA
is 70 to 200 times more sensitive than conventional competitive EIA using the same monoclonal antibody and
tracer.

In the case of AZT-TP monitoring, the key points for the elaboration of a SPIE-IA are the production of
a specific monoclonal antibody and the cross-linking procedure of the hapten to the plate. Our strategy required
the synthesis of the reduced form of AZT-TP, AMT-TP 1, and its stable analog AMT-PCPCP 2.
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These nucleotide analogs were designed to be coupled to an antigenic carrier protein through the 3'-
amino group using glutaraldehyde as cross-linking reagent prior to immunizations. It is important to note that
AZT-TP only differs from thymidine triphosphate (T-TP) by its 3'-azido group. As this function is directly
modified to achieve the coupling to the carrier protein, it is likely that the resulting antibodies will not be able
to distinguish AZT-TP from AMT-TP and T-TP. This is of no importance as prior to performing the ELISA
test, the samples have to be treated with tris(2-carboxyethyl)phosphine (TCEP)24 in order to reduce the
3'-azide into secondary amine. The reduced samples are then put in contact with the plate and treatment with
glutaraldehyde or dimethyl suberimidate covalently links AMT-TP to the matrix. Addition of methanol
provokes antibody denaturation and epitope release. The tracer is then added and incubated for a short period of
time before addition of Ellman's reagent. Absorbance (A) is read, allowing the calculation of initial hapten
concentration in the samples.
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AMT-TP has been prepared by direct careful hydrogenolysis of AZT-TP to avoid thymine reduction25,
That procedure proved to be more convenient than that described in two earlier reports and involving the azide
reduction by triphenylphosphine26’27, Immunizations of mice by injection after coupling to keyhole limpet
hemocyanin (KLH) however did not trigger the synthesis of specific antibodies in the recipient animals. This is
likely due to the rapid hydrolysis of the pyrophosphate bridges of the hapten in vivo28. In order to alleviate the
chemical and enzymatic instability of the pyrophosphate, the stable analog AMT-PCPCP 2 has been
synthesized. It was prepared via direct Mitsunobu coupling of phosphonic acid 329 and AZT 430 10 produce
the intermediate compound 53 1. Careful hydrogenolysis of the four benzyl esters and of the azido group
yielded AMT-PCPCP32.
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Compound 2 has been coupled to KLH and the conjugate has been injected into mice. The production
and selection of monoclonal antibodies are currently underway and results will be reported in due course.

This work was supported by a grant from ANRS (Agence Nationale de Recherches sur le SIDA, France). The
authors are thankful to Glaxo-Wellcome for kindly providing AZT-TP.
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