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PHOSPHATE- MODIFI ED NUCLEOTIDES : CONVERSIONS IN H U MAN 
SERUM 

Marina K. Kukhanova, Elena V. Kuznetsova, Andrey A. Arzumanov*, 
Alexander A. Krayevsky 

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

Abstract: Mechanisms and rates of hydrolytic dephosphorylation of 5'-hydrogen- 
phosphonates, 5'-phosphorofluoridates, and 5'-phosphates of natural and 3'-sub- 
stituted thymidines in human serum were studied. The stability of 5'-phosphonates of 
2'-deoxy- and 2',3'-dideoxyadenosines in calf and human sera was found. 

Phosphate-modified nucleotides seen1 to be promising prodrugs of bioactive 
nucleoside 5'-triphosphates. Different phosphotriesters, namely bis-pivaloyloxy- 
methyl1, bis-2,2,2-trihaloethyl2, bis-S-substituted thioethyl, diesters of anti- HIV 
nucleotides were shown to penetrate into the cell and be hydrolyzed to the corres- 
ponding monophosphates. This was confirmed by HPLC analysis of incubation 
products in serum-containing medium or in cell extracts and by observation of anti- 
HIV effect of such compounds in thymidine kinase-deficient cells4. It was also 
reported that bis-S-acetylthioethyl diester of 2',3'-dideoxyadenosine 5'-phosphate was 
not deaminated in hunian T-cell culture and showed significant anti- HIV activity5. 

We studied the enzymatic dephosphorylation of several phosphate-modified 
pyrimidine and purine nucleotides, which were synthesized earlier in our laboratory 
and revealed strong inhibitory activity against HIV (Table 1). 

As can be seen in Table 1, some of the compounds, namely FpAZT, HpddA, 
HpddA( 3'-N,), are more active than the corresponding nucleosides. This evidence 
could imply that during their metabolism in extracellular medium or inside cells these 
compounds bypass one of the anabolic steps. 

Earlier the hydrolysis of 5'-hydrogenphosphonates of AZT and thymidine by 
E. coli alkaline, calf intestine, and human placental phosphatases has been examined6. 
It was shown that nucleoside 5'-hydrogenphosphonates are not hydrolyzed by any of 
the mentioned phosphatases after incubation for 5 h. Under similar conditions 
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Table 1. An1 
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thymidine 5'-phosphate was hydrolyzed completely in 10-15 min. It has been 
reported that HpAZT was converted to pAZT in human U937 cell culture, but the 
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FpAZT 

65 min 

FpFLT HpAZT HpFLT pAZT pFLT pThd 

70min 33 h 60 h 35 min 40 min 20 niin 

mechanism of this process is not clarifiedll. Recently the hydrolysis of HpAZT to 
AZT in CEM cell extract arid culture medium containing 10% heat-inactivated calf 
fetal serum has been demonstratedl2. 

We have also studied dephosphorylation of hydrogenphosphonates and phos- 
phorofluoridates of AZT and FLT in human serum. Compounds HpAZT, HpFLT, 
FpAZT, and FpFLT at two concentrations (0.5 mM and 2.5 mM) were incubated 
with human serum at 37OC. Thereafter, serum proteins were precipitated by adding 
methanol up to 70%. After 30 min at -2OOC samples were centrifuged and super- 
natants were evaporated in vacuo to remove methanol. Residues were dissolved in 
water and analyzed by RP HPLC13. Based on the HPLC analysis data we determined 
the hydrolysis rates and half times of dephosphorylation for the examined compounds 
(Table 2). 

The data presented in Table 2 deserve the following comments. Dephos- 
phorylation rate for the examined compounds is little affected by the 3'-substituent. 
The rate of dephosphorylation of 5'-hydrogenphosphonates reaches only 1-3% of that 
for the corresponding 5'-phosphates. After incubation of HpAZT and HpFLT we did 
not find any traces of pAZT and pFLT. Nucleosides were the only products of 
hydrolysis. On the other hand, we revealed the formation of pFLT, as well as FLT, 
from FpFLT, the rates of pFLT formation and its hydrolysis to FLT being of the 
same order of magnitude. The situation is similar for FpAZT. 

Compounds HpddA, HOOCpddA, CH3pddA, and HpdA at 2-5 mM were 
incubated in 10% human or calf fetal sera at 37OC or 2OoC up to 5 days. The 
products of incubation were tested by HPTLC14. The examined compounds were 
stable under incubation conditions. 2'-Deoxyadenosine and its 5'-phosphate were 
used as controls. Under the similar conditions they were converted to 2'-deoxyinosine 
and then to hypoxanthine during 4 hours. 

We may conclude that i) 5'-hydrogenphosphonates of 3'-substituted thymi- 
dines are dephospliorylated in human serum in 50-100 times slower than the corres- 
ponding 5'-phosphates and can serve as nucleoside prodrugs. ii) FpAZT and FpFLT 
are hydrolyzed to the corresponding 5'-phosphates and then to nucleosides. The first 
step of this process is twofold slower than the second one. The rates of cell 
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penetration, defluorination and dephosphorylation in human seium may define which 

of the two metabolic courses will be taken mainly. As a result this compounds can 

serve both as nucleotide and nucleoside prodiugs. iii) 5'-Phosphonates of 2',3'- 
dideoxyadenosine and 2'-deoxyadenosine are stable in calf and human sera during 

several days and their anti-HIV activity has to be explained probably by other 
metabolic pathways. 
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