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Summary 

The triphosphates of  acyciovir (ACV), 1-(2'-deoxy-2'-fluoro-l~-D-arabinofurano- 
syl)-5-iodocytosine (FIAC) and E-5-(2-bromovinyl)-2'-deoxyuridine (BVdU) have 
been examined for their inhibitory effects on the endogenous DNA polymerase 
reactions of human hepatitis B virus (HBV) and woodchuck hepatitis virus (WHV). 
All three triphosphates (ACVTP, F IACTP and BVdUTP) inhibited the HBV and 
WHV DNA polymerases by competing with the corresponding natural substrates. 
F IACTP was the most potent inhibitor of  HBV and WHV DNA polymerase while 
ACVTP was the least effective inhibitor. The inhibitory properties of  these com- 
pounds were compared with those of the 5'-triphosphates of 1-13-arabinofuranosyl- 
cytosine (ara-CTP) and 1-13-arabinofuranosylthymine (ara-TTP). The 50% inhibitory 
doses for HBV and WHV DNA polymerases were in the following order: F IACTP 
< BVdUTP < ara-TTP < ACVTP < ara-CTP. BVdUTP appeared to be an efficient 
alternate substrate to dTTP for HBV DNA polymerase while F IACTP was much less 
efficient when substituted for dCTP. ACVTP did not act as an alternate substrate to 
dGTP and appeared to prevent DNA chain elongation. 

hepatitis B virus; woodchuck hepatitis virus; DNA polymerase; acyclovir; FIACTP;  
BV dUTP 

0166-3542/84/$03.00 © 1984 Elsevier Science Publishers B.V. 



188 

Introduction 

Hepatitis B virion (HBV), also known as the Dane particle [7] is a 42 nm complex 
spherical particle composed of an outer iipoprotein coat (hepatitis B surface antigen, 
HBsAg) and an inner core (hepatitis B core antigen, HBcAg). This core contains a 
circular partially double-stranded DNA and a DNA polymerase [ 15,22]. In vitro, the 
DNA polymerase generates from the large single-stranded region of the genome a 
fully double-stranded DNA [18,24]. 

So far, the nature of the DNA particle-associated DNA polymerase remains 
uncertain. Selective inhibition of the HBV DNA polymerase by intercalating agents 
[14], pyrophosphate analogs [20] and arabinofuranosyl nucleotides [13] have been 
reported and offer the ability to inhibit hepatitis B virus replication in individuals 
suffering from chronic hepatitis B [26,27]. In the present report, we describe the 
inhibition of HBV DNA polymerase by the triphosphate derivatives of three recently 
developed anti-herpesvirus agents, the 9-(2-hydroxyethoxymethyl)guanine (ACV) 
[10], E-5-(2-bromovinyl)-2'-deoxyuridine (BVdU) [8] and 1-(2'-deoxy-2'-fluoro-l~-D- 
arabinofuranosyl)-5-iodocytosine (FIAC) [17]. 

An agent very closely related to HBV was recently identified in woodchucks [25]: 
the woodchuck hepatitis virus (WHV). Both agents belong to the same family of 
viruses, now designated hepadnaviridae [23]. As previously suggested, HBV and 
WHV DNA polymerase share the same basic features [11]. The WHV DNA polymer- 
ase activity was therefore studied in parallel with that of HBV DNA polymerase. 

Materials and Methods 

Preparation of virus particles 
HBV particles containing DNA polymerase activity were purified from the serum 

of an immunosuppressed patient, positive for HBsAG. WHV was obtained from a 
serum pool of 5 woodchucks (Marmota monax) which were all chronic carriers of the 
virus. The woodchucks were initially imported from Pennsylvania (Dutchland Lab., 
PA, U.S.A.) and were followed for over 1 year by serological tests [12]. Virus was 
purified by centrifugation on sucrose and isopycnic CsCI gradients as described 
elsewhere (O. Hantz et al., submitted for publication). 

Chemicals 
Unlabelled nucleoside triphosphates were obtained from Sigma Chemical Compa- 

ny (St. Louis, MO, U.S.A.). Tritiated deoxyribonucleoside triphosphates, [3H]dTTP 
(30 Ci/mmol),  [3H]dATP (24 Ci/mmoi),  [3H]dCTP (17 Ci /mmol)and [3H]dGTP (9.5 
Ci/mmol), were obtained from Amersham (France). ACV was obtained from Bur- 
roughs Wellcome (Research Triangle Park, NC, U.S.A.) [ 10]; BVdU was described by 
De Clercq et al. [8] and FIAC was a gift from Dr. J.J. Fox (Sloan-Kettering Institute 
for Cancer Research, New York, NY, U.S.A.) All three nucleoside analogs were 
converted to their corresponding 5'-triphosphates, as described by Allaudeen et al. [3]. 
The purity of the triphosphates was examined by NMR spectroscopy with a bruker 
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HX-270 spectrometer and by high pressure liquid chromatography with an Altex 
Model 332 gradient liquid chromatography. 1-13-D-Arabinofuranosylthymine-5'-tri- 
phosphate (ara-TTP) was a gift from Dr. G.A. Gentry (Mississippi Medical Center, 
Jackson, MS, U.S.A.). 1-13-D-Arabinofuranosylcytosine-5'-triphosphate (ara-CTP) 
and 9-13-t)-arabinofuranosyladenine-5'-triphosphate (ara-ATP) were purchased from 
P.L. Biochemicals (Milwaukee, WI, U.S.A.). 

DNA polymerase assay 
DNA polymerase was assayed as described by Kaplan et al. [15] with minor 

modifications. The assay was performed in a 501al reaction mixture containing 50 mM 
Tris-HC1 pH 7.6, 40 mM MgC12, 60 mM NH4CI, 100 laM each of dATP, dCTP and 
dGTP,  0.2-0.7 laM [3H]dTTP (30 Ci/mmol),  10 mM 2-mercaptoethanol and 0.5% 
Nonidet P-40. The reaction was started by addition of the virus particles. Incubation 
was at 37°C for 1 h. Acid-insoluble radioactive material was collected on a glass fiber 
filter ( G F / C  Whatman). Filters were washed 5 times with cold 5% trichloroacetic acid 
containing 10 mM sodium pyrophosphate, then with 95% ethanol. Radioactivity of 
the dried filter was measured in a liquid scintillation counter. 

Agarose gel electrophoresis of [32P]DNA 
The [32p]DNA product of the endogenous DNA polymerase reaction was analyzed 

by agarose gel electrophoresis as described by Summers et al. [25]. The reaction was 
carried out in 15 ~tl of the standard DNA polymerase mixture with I laM of[32P]dCTP 
(500 Ci/mmol) as labelled nucleotide. After 2 incubations at 37°C, 20 lal of 10 mM 
Tris, 10 mM EDTA, 0.1 mg/ml ofproteinase K, and 0.1% (w/v) sodium dodecyl sulfate 
were added, followed by another incubation for 1 h at 37°C. Then, 5 lal of 5% (w/v) 
sucrose, and 1% bromophenol blue were added, the entire mixture was heated for 5 
min at 65°C, immediately cooled to 4cC and then analyzed by electrophoresis on an 
horizontal slab gel of 1% agarose. After electrophoresis, the gel was dried and 
developed by autoradiography. 

Results 

Products of the HBV and WHV DNA polymerase reactions 
The specificity and the efficiency of the DNA polymerase in the HBV and WHV 

particle preparations were monitored by analysis of the DNA product synthesized 
during the endogenous reaction. The DNA polymerase assay was run as described in 
Materials and Methods with [32P]dCTP as the labelled nucleotide. The reaction 
product was then analyzed by agarose gel electrophoresis and autoradiography. The 
results in Fig. I show the progressive synthesis of HBV DNA and WHV DNA after 15, 
30, 120 and 180 min. For HBV, a complete 3.3 kb long DNA was obtained, as well as 
smaller forms, ranging from 1.8 to 2.8 kb and corresponding to an incomplete 
duplication of the single-stranded region of the viral genome. The product of the 
WHV DNA polymerase reaction migrated slightly faster; the longer DNA formed 
after 180 min incubation was 3.1 kb long. 
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Fig. 1. Agarose gel electrophoresis of the [32P]DNA synthesized by HBV and WHV particles in the 
endogenous DNA polymerase reaction. The reaction was performed as described in the text with [3~P]dCTP 
as the labelled substrate. At indicated times, the reacton was stopped and the DNA product analyzed by 
agarose gel electrophoresis and autoradiography. Hind 11I fragments obtained from k DNA served as 
markers (kb = kilobases). 

Relative sensitivities of HBV and WHV DNA polymerases to ACVTP, FIACTP and 
BVdUTP 

The relat ive sensit ivit ies of  the HBV and W H V  D N A  polymerases  to A C V T P ,  
F I A C T P  and B V d U T P  were c o m p a r e d  using an excess of  nucleot ides .  F o r  each 
inhib i tor ,  the concen t ra t ion  of  the co r r e spond ing  rad ioac t ive  t r iphospha te  was main-  
ta ined at  2-3 t imes the K m value,  while the remain ing  nucleot ides  were in great  excess 
(50 laM). Fig. 2 shows that  F I A C T P  was the most  efficient inh ib i tor  of  HBV D N A  
polymerase ,  whereas  a r a - C T P  and A C V T P  were the least efficient; B V d U T P  and  
a r a - T T P  showed an in te rmedia te  inh ib i to ry  effect. 

S imi lar  results were ob ta ined  with W H V  D N A  polymerase .  The concen t ra t ions  of  
t r iphospha tes  requi red  to inhibi t  the HBV and  W H V  D N A  polymerases  by 50% are 
presented  in Table  1. The lowest  IDs0 values were recorded  for F I A C T P .  The IDs0 
values ob ta ined  for  B V d U T P  and  A C V T P  exceeded those of  F I A C T P  by a fac tor  of  
3-5-fold  and  7-18-fold ,  respectively.  

Kinetics of inhibition 
The kinetics of  inhibi t ion  of  HBV and W H V  D N A  synthesis by A C V T P ,  F I A C T P  
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Fig. 2. Inhibition of HBV DNA polymerase by the nucleotide analogs. The polymerase activities were 
determined by measuring the incorporation into DNA of the radioactive triphosphate precursor that 
corresponded to the inhibitor examined: 0.2 p.M of [3H]dCTP for FIACTP (e ~) and ara- 
CTP (o o), 0.3 laM of [3H]dTTP for BVdUTP (E ") and ara-TTP (t:l rn), 0.8 I.tM of 
[3H]dGTP for ACVTP (A A). The other 3 triphosphates were in excess. 

TABLE 1 

Comparative inhibitory activities of nucleoside triphosphate analogs on HBV and WHV polymerases 

Inhibitor IDs0 (p.M) 

HBV WHV 
DNA polymerase DNA polymerase 

FIACTP (1) 0.05 0.10 
ara-CTP (I) 1.10 1.20 
BVdUTP (2) 0.25 0.30 
ara-TTP (2) 0.30 0.40 
ACVTP (3) 0.90 0.70 

Results are expressed as IDs0, i.e., the concentration of inhibitor giving a 50% inhibition of the DNA 
polymerase activity. The tritiated nucleosides (1) [3H]dCTP, (2) [3H]dTTP, (3) [3H]dGTP, were used at a 
concentration 2-3 times higher than the K value for the enzyme. 

and  B V d U T P  were  e x a m i n e d  by d e t e r m i n i n g  the  ex ten t  o f  i nh ib i t i on  with  inc reas ing  

c o n c e n t r a t i o n s  o f  the  subs t ra tes .  In assays  wi th  A C V T P ,  [ 3 H ] d G T P  was the  ra te - l imi t -  

ing  subs t ra te ,  whi le  the  o t h e r  3 nuc l eo t i de s  were  in excess. S imi la r ly ,  [ 3 H ] d C T P  was 

the r a t e - l im i t i ng  subs t r a t e  fo r  F I A C T P  a n d  [ 3 H ] d T T P  was the  r a t e - l im i t i ng  subs t ra te  

fo r  B V d U T P .  L i n e w e a v e r - B u r k  p lo ts  [16] s h o w  that  the  i nh ib i t i on  o f  H B V  D N A  
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polymerase reaction by ACVTP, F IACTP and BVdUTP was competitive with dGTP,  
dCTP and dTTP, respectively (Fig. 3). Similar results were obtained for WHV DNA 
polymerase (data not shown). The K m value of dGTP,  dCTP, dTTP and the K i value of 
ACVTP, F IACTP and BVdUTP for the HBV and WHV DNA polymerases are 
presented in Table 2. WHV D N A  polymerase showed a slightly lower affinity for 
dGTP (ACVTP), dCTP (FIACTP) and dTTP (BVdUTP) than did HBV DNA poly- 
merase; however, the Km/K i ratios were comparable for both enzymes. 

Effects of  B I'dUTP, FIA C TP and A C VTP as alternate substrates for DNA synthesis in 
vitro 

To examine the possibility that BVdUTP, F IACTP or ACVTP may act as an 
alternate substrate for DNA synthesis, a time-response experiment was performed 
with HBV DNA polymerase and [3H]dATP as the labelled precursor. In the presence 
of all 4 nucleoside triphosphates, the reaction was linear for up to 60 min (Fig. 4). 
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Fig. 3. A) Kinetics of inhibition of HBV DNA polymerase. A) Effect of  ACVTP on DNA polymerase 
reaction in the presence of different concentrations of [3H]dGTP. No inhibitor (o); 0.2 laM ACVTP (l) ,  0,4 
laM ACVTP (e). B) Effect of  F IACTP on DNA polymerase reaction in the presence of different concentra- 
tions of  [3 H]dCTP. No inhibitor (o); 0.05 ~tM FIACTP (11); 0.1 laM of FIACTP (e). C) Effect of  BVdUTP on 
DNA polymerase reaction in the presence of different concentrations of [3H]dTTP. No inhibitor (o); 0.1 ~M 
of  BVdUTP (l); 0.2 laM of  BVdUTP (e). 

TABLE 2 

Kinetics of  inhibition of HBV and WHV DNA polymerase by BVdUTP, FIACTP and ACVTP 

Substrate Inhibitor K m (]aM) K i (p,M) K m / K  i 

A. HBV DNA polymerase 
dGTP  ACVTP 0.31 0.11 2.8 
dCTP FIACTP 0.08 0.01 8 
dTTP BVdUTP 0.11 0.05 2.2 

B. WHV DNA polymerase 
dGTP  ACVTP 0.50 0.13 3.8 
dCTP FIACTP 0.20 0.03 6.6 
dTTP BVdUTP 0.25 0.11 2.2 



193 

o 

o 
u 
c 

0.  

0 

x 

10 

E 
Q. 
u 10 

A 

[3 

30 60 90 1~0 150 180 

Timo ( ra in )  

Fig. 4. Examination of BVdUTP, ara-TTP, FIACTP and ara-CTP as alternate substrates for HBV DNA 
polymerase. A) BVdUTP and ara-TTP as alternative substrates to dTTP. The assay was similar to that 
described in Materials and Methods except that 5 ~tM [3H]dATP was the labelled substrate: assay with all 4 
dNTPs (o), assay without dTTP (o), assay without dTTP in the presence of 10 ~M BVdUTP (A), assay 
without dTTP in the presence of 10 p.M ara-TTP (A). B) FIACTP and ara-CTP as alternate substrates to 
dCTP. The assay was similar to that described in Materials and Methods except that 5 p.M [3H]dATP was 
the labelled substrate; assay with all 4 dNTPs (o), assay without dCTP (o), assay without dCTP in the 
presence of 10 laM FIACTP (,) ,  assay without dCTP in the presence of 10 I.tM ara-CTP (t3). 
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When  dTTP,  d C T P  or  d G T P  were omi t t ed  f rom the reac t ion  mixture ,  no signif icant  
D N A  synthesis  was observed.  The subs t i tu t ion  o f  d T T P  by B V d U T P  permi t t ed  viral  
D N A  synthesis  up to 46% of  con t ro l  after  a 3 h incuba t ion  per iod  (Fig.  4A). This  value 
increased to 67% after  4 h (Table  3). Under  s imilar  condi t ions ,  no signif icant  D N A  
synthesis  was observed  when d T T P  was subs t i tu ted  by  a r a - T T P  (Fig.  4A). 

When  a s imi lar  exper iment  was pe r fo rmed  with F I A C T P  ins tead  of  dCTP,  a small  
a m o u n t  of  [3H]dAMP was i nco rpo ra t ed  (abou t  10% of  cont ro l  after  3 h incubat ion) ,  
while no signif icant  i nco rpo ra t i on  was ob ta ined  if a r a - C T P  was used ins tead of  d C T P  
(Fig. 4B). Nei ther  d id  subs t i tu t ion  of  A C V T P  for d G T P  lead to the i nco rpo ra t i on  of  
any [3H]dAMP.  The efficiency of  A C V T P ,  F I A C T P ,  a r a -CTP ,  B V d U T P  and  ara-  
TTP  as a l te rna te  subs t ra tes  for  HBV and W H V  D N A  polymerases  are summar i zed  in 
Table  3. B V d U T P  was the most  efficient a l te rna te  subs t ra te  for  bo th  enzymes.  The 
D N A  synthesized with B V d U T P  as a l te rna te  subs t ra te  was ana lyzed  by agarose  gel 
e lec t rophores is  (Fig.5).  This D N A  produc t  was smal ler  than  the D N A  produc t  
synthesized in the presence of  dTTP,  suggest ing that  the s ingle-s t randed region of  
HBV and W H V  was only par t ia l ly  dup l i ca ted  in the presence of  BVdUTP.  

The effect of  A C V T P  on HBV D N A  synthesis  was also s tudied  in a t ime-response  
exper iment  and  the results are shown in Fig.  6. [3H]dTTP served as the label led 
substrate .  When  the reac t ion  was ini t ia ted in the absence of  d G T P  or  with 5 laM 
A C V T P  instead of  d G T P ,  no i nco rpo ra t i on  of  [3H]dTMP was detected.  If  100 laM 
d G T P  was a d d e d  at 120 min,  D N A  synthesis  occurred  as expected.  However ,  when 
the assay mixture  con ta ined  5 lal A C V T P  ins tead of  d G T P  f rom time zero, no D N A  
synthesis  was observed  upon  add i t i on  of  100 p.M d G T P  at 120 min (Fig.  6A). In 

TABLE 3 

Endogenous HBV and WHV DNA synthesis in the presence of different nucleoside triphosphate analogs, 
as measured after a 4 h incubation period 

Non-radioactive 
dNTP (100 laM) 

dNTP analog (laM) [3H]dAMP incorporation (%) 

HBV DNA WHV DNA 
polymerase polymerase 

dCTP, dTTP, dGTP 100 100 
dCTP, dTTP 2 2 
dCTP, dTTP ACVTP (10) 0 0 
dCTP, dTTP, dGTP ACVTP (10) 85 82 
dGTP, dTTP 4 2 
dGTP, dTTP FIACTP (5) 9.6 12 
dGTP, dTTP FIACTP (10) 11.5 9 
dGTP, dTTP, dCTP FIACTP (10) 34 34 
dGTP, dTTP ara-CTP (10) 3 0 
dGTP, dCTP 4 0 
dGTP, dCTP BVdUTP (5) 67 59 
dGTP, dCTP BVdUTP (10) 63 45 
dGTP, dCTP, dTTP BVdUTP (10) 92 93 
dGTP, dCTP ara-TTP (10) 2 0 
dGTP, dCTP, dTTP ara-TTP (10) 89 87 
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Fig. 5. Product of the HBV and WHV DNA polymerase reaction with BVdUTP as alternate substrate; the 
reaction was performed with [32P]dCTP for 3 h and labelled DNA was analysed by agarose gel electrophore- 
sis and autoradiography: a) all 4 natural triphosphates; b) 3 nucleotides only, without dTTP; c) 3 
nucleotides only, with dTTP replaced by 5 laM BVdUTP. Hind III fragments obtained from ~, DNAservedas 
markers (kb = kilobases). 

contrast ,  if the reaction was started with A C V T P  (5 I~M) and d G T P  (100 ~M) from 
time zero D N A  synthesis occurred to a significant extent (Fig. 6A). Similar experi- 
ments were carried out  with a r a -ATP  (Fig. 6B) and a ra -CTP (Fig. 6C). In both cases 
addi t ion  of normal  substrate (dATP or dCTP)  at 120 min increased HBV D N A  
synthesis, even in the presence of a r a -ATP  or ara-CTP.  The fact that d G T P  failed to 
do so for reaction mixtures conta in ing  ACVTPsugges t s  that A C V T P  must  have acted 
as a chain terminator .  

Discussion 

Nucleoside analogs demons t ra t ing  antiviral  activity have to be converted to their 
t r iphosphate derivatives within the cell to interfere with viral D N A  synthesis [9]. 
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Fig. 6. HBV DNA synthesis in presence of ACVTP (A), ara-ATP (B) or ara-CTP (C). The reaction was 
performed as described in Materials and Methods with [3H]dTTP as labelled substrate. Control: all 4 
nucleotide triphosphates present from time zero (e). A) Three nucleotides only, without dGTP, present 
from time zero (o); 100 ~tM dGTP added at 120 min to the latter reaction mixture (0); 3 nucleotides and 5 laM 
ACVTP present from time zero (rn); 100 t.tM dGTP added at 120 min to the latter reaction mixture ('3); all 4 
nucleotides and 5 I.tM ACVTP present from time zero (m). B) Three nucleotides only, without dATP, present 
from time zero (<3); 100 laM dATP added at 120 min to the latter reaction mixture (0); 3 nucleotides and 5 ~tM 
ara-ATP present from time zero (o); 100 laM dATP added at 120 min to the latter reaction mixture (~'); all 4 
nucleotides and 5 laM ara-ATP present from time zero (m). C) Three nucleotides only, without dCTP, present 
from time zero (o); 100 laM dCTP added at 120 rain to the latter reaction mixture (~); 3 nucleotides and 5 laM 
ara-CTP present from time zero (t~); 100 laM dCTP added at 120 min to the latter reaction mixture ("~); all 4 
nucleotides and 5 laM ara-CTP present from time zero (u). 
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ACVTP [ 10], BVdUTP [3] and FIACTP [2] preferentially inhibit herpes simplex virus 
DNA polymerase and this may explain in part the selective antiviral activity of ACV, 
BVdU and FIAC. The present results show that all 3 compounds inhibit the DNA 
polymerases associated with HBV and WHV and that this inhibition is competitive 
with respect to the corresponding natural nucleoside triphosphate. The inhibitory 
activities of ACVTP, BVdUTP, FIACTP were compared with those of two other 
nucleotide analogs, ara-CTP [13] and ara-TTP [5]. The inhibitory effect on HBV and 
WHV DNA polymerase decreased in the following order: FIACTP > BVdUTP > 
ara-TTP > ACVTP > ara-CTP. The conditions used to measure the endogenous HBV 
and WHV DNA synthesis without addition of foreign template DNA did not allow us 
to compare our results with those obtained previously for other systems. However, the 
mode of inhibition of HBV and WHV DNA polymerases by ACVTP, BVdUTP and 
FIACTP appears to be similar to that observed for herpes simplex virus type-1 
(HSV- I) DNA polymerase and cellular DNA polymerase a [ 1-3]. As noted for HSV- 1 
DNA polymerase [1], our results indicate that either ACVTP is not an alternate 
substrate for HBV DNA polymerase or it prevents chain elongation. Like HSV-I DNA 
polymerase [2,3,5], the HBV and WHV DNA polymerases are strongly inhibited by 
BVdUTP, ara-TTP and FIACTP. In contrast, EBV DNA polymerase is inhibited by 
ara-TTP [21] but not by ACVTP or BVdUTP [1,3]. 

BVdUTP can serve as an alternate substrate to dTTP for both viral and cellular 
DNA polymerases [3,4] and the extent of substitution of thymidine by BVdU into 
HSV-1 DNA correlates closely with its potent antiviral activity [ 19]. Our results show 
that BVdUTP also acts as an alternate substrate to dTTP for HBV and WHV DNA 
polymerases. However, the polymerase reaction generated by BVdUTP only leads to 
an incomplete duplication of the single-stranded DNA. FIACTP differs from 
BVdUTP in that it has been shown to be an alternate substrate to dCTP for herpes 
virus -DNA polymerase but not for cellular DNA polymerase [2]. Only very low HBV 
and WHV DNA polymerase activity is observed with FIACTP as an alternate 
substrate to dCTP. Thus, BVdUTP is a more efficient substrate for the HBV and 
WHV DNA polymerase than FIACTP. 

In vivo inhibition of HBV replication by ACV has been demonstrated in patients 
with chronic hepatitis B [26,28]. Whether the in vivo effect of ACV can be related to 
the in vitro inhibitory action of ACVTP on HBV DNA polymerase remains uncertain, 
since the role of the endogenous DNA polymerase in HBV replication within the 
infected cells has not been established. Moreover, an important condition for the 
antiviral action of anti-herpes agents such as ACV, FIAC and BVdU is the selective 
phosphorylation of these analogs by the herpes virus-encoded thymidine kinase 
[6,10]. Such virus-specified thymidine kinase activity has not been reported for HBV 
or WHV. 

However, considering the lack of any cell culture system to support the growth of 
HBV, potential anti-HBV agents can be detected only by inhibition of the endogenous 
HBV DNA polymerase. Our in vitro studies should therefore be extended to the in 
vivo situation. The woodchuck may be the model of choice for a preliminary evalua- 
tion of potential anti-HBV agents. Indeed, the striking similarities in the affinity of 
WHV and HBV DNA polymerase for nucleotide analogs such as ACVTP, BVdUTP 
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and FIACTP, as demonstrated here, point to the validity of the WHV model system 
for such in vivo studies. 
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