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Summary. - W e  h a v e  adopted the  in vitro hepatocyte culture system 
o f  t h e  duck  infected  w i t h  duck  hepatitis B v i rus  (HDBV) to  an  anti­
viral assay system. Using this method, we  found that 2', 3'-dideoxy-
3'-azidothymidine (N3dT) and 2', 3'-dideoxy-3'-0-methylthymi-
dine (OMeT) had antiviral effects against D H B V  replication in the 
concentrations o f  20-50  ̂ mol/1 and 4 -40  yumol/1, respectively. T h e  
N 3 dT inhibited the single strand D N A  formation (negative strand), 
which is an intermediate o f  virus replication. However, the inhibi­
tion o f  single strand D N A  synthesis by OMeT was relatively weak. 
These  two compounds may have different mechanisms o f  D H B V  
D N A  replication inhibition. Two  other 3'-substituted pyrimidine 
analogues tested were very weak inhibitors. Antiviral agents that 
inhibit the reverse transcriptase activity o f  the hepadnavirus D N A  
polymerase could be  potential candidates for the chemotherapy o f  
these viruses. 
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Introduction 

Hepatitis B virus (HBV) belongs to  the family Hepadnaviridae; it causes 
acute and chronic liver disease and hepatocarcinoma in man. The  introduction 
o f  vaccination against HBV is expected to  decrease liver disease caused by this 
virus in the next generation (Paletti et al., 1984). However, there are estimated 
284, 000 000 carriers in the world that will not benefit from vaccination. Treat­
ment  with interferon (Greenberg et al., 1976), or adenine arabinoside and its 
monophosphate derivative (Basendine et al., 1980; Perriollo et al., 1985) have 
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b e e n  u s e d  to  treat H B s A g  posit ive chronic l iver disease. Unfortunately,  these  
therapies h a v e  n o t  b e e n  h igh ly  e f fect ive  a n d  these  drugs i n  quest ion  m a y  b e  
toxic. W e  recently reported o n  a n  in vitro screening system f o r  antiviral agenst 
w i t h  anti-duck hepatitis B v i rus  (DHBV) activity a n d  f o u n d  that t h e  2',3'-
dideoxy pur ine  analogues w e r e  very  e f fect ive  (Suzuki  et al., 1988, L e e  et al., 
1989). T h e  original m e t h o d  f o r  t h e  in vitro culture o f  d u c k  hepatocytes w a s  
d e v e l o p e d  b y  Tut t leman  et al. (19866) a n d  t h e  detail o f  replication m e c h a n i s m  
o f  D H B V  w a s  s tudied  at a molecular leve l  u s i n g  this  in vitro sys tem (Tutt leman 
et al, 1986a). W e  h a v e  adapted th is  sys tem t o  s tudy  t h e  activity o f  c o m p o u n d s  
against D H B V  replication. I n  this  paper w e  h a v e  determined  t h e  anti-DHBV 
activity o f  f o u r  3'-subtituted t h y m i d i n e  analogues. 2', 3'-dideoxy-3'-azidothy-
m i n i d e  (N 3 dT) a n d  2',3'-dideoxy-3'-0-methylthyminide (OMeT) s h o w e d  inhi­
bitory activities for D H B V  viral replication. Since the  replication mechanism o f  
D H B V  is very similar to  that o f  H B V  (Will et al., 1987), the duck hepatocyte 
culture system should b e  not  only useful  for the  in vitro screening o f  candidate 
compounds, but also for the study o f  their anti-HBV activity and the mecha­
nism o f  action. 

Materials and Methods 

Virus infection of cell cultures and animals. T h e  pa thogen  f ree  duck  eggs  w e r e  purchased f r o m  
S P A F A S  Ltd. (Norwich,  C T )  a n d  incubated i n  o u r  laboratory. W i t h i n  2 4  hr  after hatching,  
ducklings were  infected  w i t h  DHBV-pos i t ive  duck s e r u m  ( 2 0 - 5 0  / / l ,  i .v.) w h i c h  w a s  kindly 
provided b y  D r .  W .  M a s o n ,  F o x  C h a s e  Cancer  Center,  Philadelphia.  F o u r  days  post- infect ion 
(p.i.) t h e  sera f r o m  infected ducklings w e r e  tes ted  for  t h e  es tabl i shment  o f  persistent in fec t ion  b y  
d o t  b lo t  hybridization ( M a s o n  et al., 1982). B y  th i s  m e t h o d  t h e  infect ion  e f f ic iency  w a s  100 %. 
Hepatocytes  w e r e  obta ined  f r o m  1 - 2  w e e k  o l d  ducklings us ing  a m i n o r  modi f i ca t ion  o f  t h e  
m e t h o d  described b y  Tu t t l e man  et al. (1986ô) .The  l i v e r s  w e r e  p e r f u s e d  w i t h  S w i m m ' s  m e d i u m  
( G i b c o ,  C h a g r i n  Fal ls,  O H )  t h r o u g h  h e a r t  t o  l i v e r  a n d  e x i t i n g  at o p e n  porta l  v e i n .  C o l l a g e n a s e  t y p e  
I V  (Sigma, St. L o u i s )  w a s  a d d e d  t o  t h e  p e r f u s i o n  s o l u t i o n  i n  contrast  t o  T u t t l e m a n  et al. (19866) 
w h o  p e r f u s e d  t h e  l i v e r  v i a  t h e  porta l  v e i n  u s i n g  c o l l a g e n a s e  t y p e  I. T h e  m e d i u m  o n  c u l t u r e d  h e p a ­
tocytes  w a s  exchanged  every 4 8  hr, whereas  Tut t l eman  et a/ . (19866) changed  t h e  m e d i a  every 2 4  
hr. T h e  c o m p o u n d s  that w e r e  t e s ted  f o r  antiviral activity w e r e  added  t o  t h e  culture 2 days  after 
plating and  maintained at a constant  l eve l  throughout  t h e  culture period.  

Preparation and analysis of viral DNA. T h e  total  intracellular D N A  w a s  extracted f r o m  ce l l s  
us ing  t h e  standard p h e n o l  extraction m e t h o d  (Maniatis  et al., 1982). T h e  ce l l s  i n  a 6 c m  diameter  
Petri d i sh  (approximately 5 X 106  ce l ls)  w e r e  lysed  (lysis buf fer  conta ined 0.2 % S D S ,  150 m m o l / 1  
Tris-HCl p H  8.0, 10 m m o l / 1  E D T A ,  5 m m o l / 1  E G T A  a n d  150 m m o l / 1  NaCl ) .  T h e  lysate  w a s  
digested w i th  0.5 m g / m o l  o f  pronase  E (S igma at 3 7 ° C  f o r  2 hr) and  deprote inized w i th  a n  equal  
v o l u m e  o f  p h e n o l  saturated w i th  2 0  m m o l / 1  Tris-HCl p H  7.5,  0.5 m m o l / 1  E D T A  and  0.1 % 8-
hydroxyquinol ine .  Concentrated a m m o n i u m  acetate p H  7 .0  (2.5 mol /1)  w a s  added  t o  t h e  a q u e o u s  
phase  t o  y ie ld  a 0.25 m o l / 1  a m m o n i u m  acetate so lut ion.  T h e  nuc le i c  acids w e r e  precipitated w i th  2 
v o l  o f  100 % ethanol ;  t h e  pel le t  w a s  w a s h e d  w i th  e thanol  a n d  dried. T h e  D N A  w a s  d isso lved  i n  
a so lu t ion  containing 12.5 m m o l / 1  Tris-HCl p H  7 . 5 , 1 0  m m o l / 1  E D T A ,  3 0  % glycerol  and  0.01 % 
b r o m p h e n o l  b lue .  One-f i f th  o f  t h e  D N A  sample  w a s  l oade d  o n t o  t h e  agarose gel .  E a c h  lane  h a d  
a lmos t  t h e  s a m e  a m o u n t  o f  D N A ,  w h i c h  w a s  checked  b y  e th id ium bromide  stain after e lectropho­
resis. A horizontal  slab ge l  o f  1.5 % agarose w a s  u s e d  for  D N A  electrophoresis  and  4 0  m m o l / 1  Tris-
acetate p H  8.0 containing 2 m m o l / 1  E D T A  w a s  u s e d  as a running buffer.  T h e  g e l  w a s  soaked  o n  0.1 



432 S U Z U K I ,  S. et at. 

mol/1 acetic  ac id  f o r  30  m i n  at 42°C,  denatured w i th  0.2 m o l / 1  N a O H - 1 5 0  m m o l / 1  NaCl ,  a n d  
neutralized.  T h e  D N A  w a s  transferred t o  nitrocel lulose  u s i n g  t h e  m e t h o d  o f  Southern  (1975). 
Hybridization w a s  performed at 4 2 ° C  w i th  a 3 2 P-label led D N A  probe prepared b y  labell ing o f  t h e  
w h o l e  d o u b l e  strand D H B V  g e n o m e  ( p D H O  10-DHBV)  (kindly provided b y  Dr .  J. Summers ,  F o x  
C h a s e  Caner Center) .  N i c k  translation w a s  performed according t o  t h e  m e t h o d  o f  Rigby  et al. 
(1977) us ing  a - 3 2 P  d C T P  (Amersham,  Arl ington Heights ,  I I ,  3000  C i / m m o l ) .  Autoradiography 
for  3-6 hr w a s  d o n e  at - 7 0 ° C  wi th  X-ray film (Eastman Co. ,  Rochester ,  N Y )  w i th  a n  intensifying 
screen.  Extracellular virion D N A  w a s  extracted f r o m  t h e  p o o l e d  culture m e d i a  w h i c h  were  
co l lec ted  f r o m  12-16 days  after initial plating. T h e  culture m e d i a  were  centrifuged at 16 000  x g  for  
10 m i n ,  and  t h e n  layered o n t o  a 10 t o  2 0  % (w/v) sucrose  gradient ( 4  m l )  i n  150 m m o l / 1  NaCl-20  
m m o l / 1  Tris-HCl p H  7.5 and centrifugated at 113 000  x g  for  16 hr  at 4 °C .  T h e  virus pel let  w a s  
d iges ted  w i th  0.5 m g  pronase  E i n  t h e  lysis  buffer.  T h e  D N A  samples  were  loaded  directly o n t o  t h e  
agrose g e l  and  t h e  D H B V  D N A  w a s  e x a m i n e d  by  Southern  blott ing as  described above .  

Nucleoside analogues. T h e  m e t h o d s  for  synthes is  o f  N 3 d T ,  N H j d T  (Horwitz  et al., 1964), and  
N j d U  (Linn and  Mancini ,  1983) w e r e  reported previously.  T h e  synthes i s  o f  t h e  O M e T  wi l l  b e  
described e l sewhere .  T h e  nuc leos ide  ana logues  were  d isso lved  i n  2 0  m m o l / 1  Tris-HCl p H  7.5 and  
s tock so lu t ions  were  wrapped i n  t in fo i l  t o  avoid light. Stock so lu t ions  w e r e  stored at - 2 0 ° C  u s e d  
wi th in  1 w e e k  o f  preparation. Chemica l  structures o f  these  nuc l eos ide  analogues  are s h o w n  i n  
F i g . l .  

Results 

Effect of the nucleoside analogues on DHBV DNA replication 
T h e  effect o f  N 3 dT o n  replication o f  viral D N A  in vitro is shown in Fig. 2. 

Virus replication was evidenced by high viral D N A  production from days 2 to  
20 in absence o f  nucleoside analogues (lanes 1-4). In the presence o f  N 3 dT (50 
//mol/1), viral D N A  replication was delayed and the amount o f  relaxed circular 
(RC) D N A ,  covalently closed circular (CCC) D N A ,  and single strand (SS) D N A  
was decreased (lanes 5 to  7, days 8 ,14 ,  and 20). A t  a concentration o f  20 //mol/1, 
N 3 dT the D H B V - D N A  synthesis was inhibited less effectively (lanes 8-10, 
days 8 ,14 ,  and 20) although SS  D N A  was strongly inhibited at N 3 dT concentra­
tions above 20 //mol/1. Total viral D N A  was measured by dot blot hybridization 
(data not  shown). T h e  dot spots o n  nitrocellulose filters were cut out and their 
radioactivity was counted. A t  20 days after plating, 50 //mol/1 o f  N 3 dT inhibited 
the viral D N A  synthesis by 88 % and 20 //mol/1 o f  N 3 dT inhibited the viral D N A  
synthesis by 75 %. Less than 10 % inhibition was observed when  either N 3 d U  or 
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Fig. 2 
Inhibition o f  r h e  D H B V  D N A  replication b y  N 3 d T .  D N A  w a s  extracted at  var ious  t imes  post-

plating. 
Drug  w a s  added to  t h e  culture a t  2 days  post-plating and t h e  media  containing t h e  d r u g  w a s  
changed every  other  day  throughout  culture period. D N A  f r o m  one-fifth o f  a 6 cm-dish o f  cells 
w a s  loaded onto 1.5 % agarose gel.  Lanes  1 t o  4:  v i r u s  control (harvested at  2, 8 , 1 4 ,  a n d  20 days  
post-plating, lanes  1 ,2 ,3 ,  and 4, respectively). D r u g  treated groups  w e r e  harvested at  8,14,  and 2 0  
days  post-plating. Drug  concentrations w e r e  50 /imol/1 (harvested at  8, 14, and 20 days  post-
plating, lanes  5,6,  and 7, respectively) and 2 0  /zmol/l (harvested at  8,14,  and 20 days  post-plating, 
lanes  8,9,  and 10, respectively). RC, CCC, a n d  SS D N A  o f  D H B V  are indicated. Size markers  w e r e  
obtained f r o m  Hind-III digested A DNA.  

DUCK HEPATITIS B VIRUS INHIBITION 

N H 2 d T  a t  5 0  jumol/1 w a s  a d d e d .  S o u t h e r n  b l o t  a n a l y s i s  s h o w e d  n o  d i f f e r e n c e  
b e t w e e n  v i r u s  cont ro l  g r o u p  a n d  N 3 d U - n o r  N H 2 d T - t r e a t e d  g r o u p s  (data  n o t  
s h o w n ) .  T h e  e f f e c t  o f  O M e T  o n  t h e  v i r a l  D N A  repl icat ion i s  s h o w n  i n  F i g .  3 .  
L a n e s  1 t o  5 r e p r e s e n t  u n i n h i b i t e d  v i r a l  D N A  p r o d u c t i o n  ( d a y s  2 , 7 , 1 2 ,  a n d  16). 
L a n e s  6 t o  8 r e p r e s e n t  v i ra l  D N A  p r o d u c t i o n  i n  t h e  p r e s e n c e  o f  4 0  ̂ m o l / 1  
O M e T  ( d a y s  7 , 1 2 ,  a n d  16) a n d  l a n e s  9 t o  11 s h o w  v i ra l  D N A  p r o d u c t i o n  i n  t h e  
p r e s e n c e  o f  4 //mol/l ( d a y s  7 ,  12, a n d  16). T h e  ant iv i ra l  e f f e c t  o f  O M e T  w a s  
w e a k e r  t h a n  t h a t  o f  N 3 d T .  It  i s  n o t i c e a b l e ,  h o w e v e r ,  t h a t  t h e  e f f e c t  o n  t h e  
s y n t h e s i s  o f  S S  D N A  a n d  C C C  D N A  w a s  re la t ive ly  w e a k  a s  c o m p a r e d  t o  t h e  
e f f e c t  o f  N 3 d T  o n  t h e s e  v i r a l  D N A  i n t e r m e d i a t e s .  T h e  r e l a t i v e  a m o u n t s  o f  R C  
t o  S S  f o r m s  o f  v i ra l  D N A  s u g g e s t  t h a t  O M e T  h a s  s imi la r  e f f e c t  i n  b o t h  R C  a n d  
S S  f o r m s  w h e r e a s  N 3 d T  s h o w s  a s t r o n g e r  i n h i b i t o r y  e f f e c t  o n  S S  t h a n  R C  
f o r m s .  A s  j u d g e d  b y  d o t  b l o t  h y b r i d i z a t i o n  w i t h  t h e  q u a n t i t a t i o n  d e s c r i b e d  
a b o v e ,  O M e T  i n h i b i t e d  t h e  tota l  v i ra l  D N A  s y n t h e s i s  b y  5 5  % a t  4 0  //mol/1 a n d  
16 % a t  4 //mol/1. 
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Inhibition of the production of extracellular viron DNA 
T h e  culture media  w e r e  collected and  extracellular v i rus  w a s  concentrated 

f r o m  t h e  pooled media  b y  sucrose  gradient centrifugation. T h e  result ing pellet 
w a s  digested with  pronase  and  analysed b y  Southern blots  (Fig. 4.). Inhibition 
o f  production o f  extracellular viral D N A  w a s  o b s e r v e d  with  N 3 d T  at 25 //mol/1 
(lane 2) or  50  nmo\/\ (lane 3) b u t  not  with  N 3 d U  at 50  /umol/1 (lane 4) or N H 2 d T  
at 50  ,umol/l (lane 5). O M e T  at 4 0  //mol/l s h o w e d  s o m e  inhibition o f  production 
o f  t h e  extracellular viral D N A  (Fig. 4B), a l though it w a s  weaker  than that  o f  
N 3 d T  (Fig. 4A).  

Discussion 

Hepadnaviruses  replicate b y  a u n i q u e  mechanism (Summers  and  Mason,  
1982). Briefly,  t h e  pregenomic R N A  is transcribed in t h e  nucleus  f r o m  t h e  CCC 
D N A ,  which is t h e  m a j o r  viral D N A  species there.  T h e  pregenomic D N A  is 
t h e n  transported to t h e  cytoplasm w h e r e  it se rves  as  template f o r  minus-strand 
D N A  synthes i s  b y  t h e  reverse  transcriptase activity o f  viral D N A  polymerase.  

1 2 3 4 5 6 7 8 9  10 11 

Fig. 3 
Inhibition of  DHBV DNA replication b y  O M e T  

Drug  treatment and gel conditions are the  s a m e  as described in Fig. 2. V i r u s  controls w e r e  
harvested at 2 ,7 ,12,  and 16 days  post-plating (lanes 1 ,2 ,3 ,4 ,  and 5, respectively). Sample f r o m  the  
day 16 is duplicate (lanes 4 and 5). Drug treatment groups  w e r e  harvested at 7,12, and 16 days  post-
plating. Drug concentrations w e r e  40 fimo\/\ (harvested at 7, 12, and 16 days,  lanes  6, 7, and 8, 
respectively) and 4 //mol/1 (harvested at 7 ,12,  and 16 days, lanes  9,10,  and 11, respectively). RC, 
CCC, and SS DHBV DNA size  markers  were  obtained f r o m  Hind-III digested A DNA. 
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Fig. 4 
Southern b lot  analysis  o f  extracellular 

D N A  o n  a 1.5 % agarose ge l  
T h e  culture m e d i u m  f r o m  each dish w a s  
pooled f r o m  day  12 to  day 16. V i r o n  D N A  
w a s  extracted f r o m  t h e  D H B V  viron 
pelleted through a 10-20 % sucrose  
gradient. 
(A)  Lane  1: v i r u s  control wi thout  d r u g  
treatment wi th  2 5  n mol/1 o f  N 3 d T ,  lane  3:  
t reatment wi th  50 /zmol/1 o f  N 3 d T ,  lane  4:  
treatment wi th  50 /x mol/1 o f  N 3 d U  a n d  
lane  5: treatment wi th  50 n mol/1 o f  
N H 2 d T .  
(B) Lane  6:  v i r u s  control wi thout  d r u g  
treatment, a n d  lane  7:  treatment wi th  40 
/ m o l / 1  o f  OMeT.  R C  D N A  i s  indicated. 

1 2 3 4 5 

ľijMti «»' 

B 

6 7 

- R C  ! 

T h e  m i n u s - s t r a n d  D N A  t h e n  a c t s  a s  t h e  t e m p l a t e  f o r  t h e  s y n t h e s i s  o f  p l u s -
s t r a n d  D N A .  W e  h a v e  h y p o t h e s i z e d  t h a t  i n h i b i t o r s  o f  r e v e r s e  t r a n s c r i p t a s e  
s h o u l d  i n h i b i t  t h e  H B V  D N A  s y n t h e s i s ,  u s i n g  a n  in vitro s y s t e m  d e s c r i b e d  
h e r e ,  w e  e x a m i n e d  t h e  ab i l i ty  o f  3 ' - s u b s t i t u t e d  t h y m i d i n e  a n a l o g u e s  t o  i n h i b i t  
D H B V  repl icat ion.  T h e  N 3 d T  i s  a w e l l  k n o w n  i n h i b i t o r  o f  t h e  r e v e r s e  t ranscr ip ­
t a s e  o f  h u m a n  i m m u n o d e f i c i e n c y  v i r u s  ( H I V )  ( M i t s u y a  etal., 1985) .  A n a l o g u e s  
o f  N 3 d T  s u c h  a s  N 3 d U ,  N H 2 d T ,  a n d  O M e T  w e r e  s y n t h e s i z e d  a n d  t h e i r  ab i l i ty  t o  
i n h i b i t  D H B V  r e p l i c a t i o n  in vitro w a s  e x a m i n e d .  S e v e r a l  3 ' - 0 - m e t h y l  n u c l e o ­
t i d e  a n a l o g u e s  h a v e  b e e n  r e p o r t e d  t o  b e  c h a i n  t e r m i n a t o r s  o f  t h e  r e v e r s e  
t r a n s c r i p t a s e  ac t iv i ty  o n  a v i a n  m y e l o b l a s t o s i s  v i r u s  ( K u t a t e l a d z e  et al., 1986) .  
T h e s e  a n a l o g u e s  f a i l e d  t o  i n h i b i t  e u k a r y o t i c  a n d  D N A  p o l y m e r a s e s  a n d  
t e r m i n a l  d e o x y n u c l e o t i d y l  t r a n s f e r a s e  ( K u t a t e l a d z e  et al., 1986).  I n  t h e  p r e s e n t  
s t u d y  w e  f o u n d  t h a t  N 3 d T  a n d  O M e T  s h o w e d  s o m e  i n h i b i t o r y  e f f e c t  o n  D H B V  
D N A  r e p l i c a t i o n .  T h i s  f i n d i n g  w a s  d i f f e r e n t  f r o m  t h e  r e s u l t  o f  H a r i t a n i  et al. 
(1989) ,  a l t h o u g h  t h e  r e a s o n  w a s  s t i l l  u n k n o w n .  T h e  c o n c e n t r a t i o n  o f  N 3 d T  
r e q u i r e d  t o  i n h i b i t  D H B V  D N A  w a s  m u c h  h i g h e r  t h a n  t h e  c o n c e n t r a t i o n  o f  
N 3 d T  r e q u i r e d  t o  i n h i b i t  H I V  r e p l i c a t i o n  ( M i t s u y a  et al., 1985).  S i n c e  t h e  ac t i ­
v i t y  o f  t h e  N 3 d T  i s  d e p e n d e t  o n  t h e  p h o s p h o r y l a t i o n  o f  t h e  n u c l e o s i d e  t o  i t s  5 ' -
t r i p h o s p h a t e  b y  ce l l u l a r  k i n a s e s  ( F u r m a n  et al., 1986) ,  l o w  ac t iv i ty  o f  t h y m i d i n e  
k i n a s e  i n  l i ve r  ce l l s  c o m p a r e d  t o  h i g h  t h y m i d i n e  k i n a s e  ac t iv i ty  i n  T - l y m p h o -
c y t e  m a y  e x p l a i n  t h e  r e l a t ive ly  h i g h  c o n c e n t r a t i o n s  o f  N 3 d T  r e q u i r e d  t o  i n h i b i t  
D H B V  r e p l i c a t i o n .  A n o t h e r  e x p l a n a t i o n  i s  s i m p l y  t h a t  N 3 d T  5 ' - t r i p h o s p h a t e  
h a s  a l o w e r  b i n d i n g  a f f i n i t y  f o r  D H B V  D N A  p o l y m e r a s e  t h a n  H I V  r e v e r s e  
t r a n s c r i p t a s e .  T h e  N 3 d T  e f f e c t  o n  D H B V  D N A  s y n t h e s i s  w a s  m o r e  n o t i c e a b l e  
o n  S S  D N A  w h i c h  i s  s y n t h e s i z e d  b y  t h e  r e v e r s e  t r a n s c r i p t a s e  ac t iv i ty  o f  D H B V  
D N A  p o l y m e r a s e .  N 3 d U  a n d  N H 2 d T  w e r e  n o t  a c t i v e  i n  t h i s  s y s t e m .  I t  h a s  b e e n  
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r e p o r t e d  t h a t  t h e  t r i p h o s p h a t e  o f  N H 2 d T  w a s  inact ive  a g a i n s t  re t rovi ra l  r e v e r s e  
t r a n s c r i p t a s e  ( O n o  et al., 1986). T h i s  s u g g e s t s  t h a t  D H B V  D N A  p o l y m e r a s e  a n d  
r e v e r s e  t ranscr ip tase  m i g h t  h a v e  s imi la r  recogni t ion  m e c h a n i s m s  f o r  t r i p h o s p ­
h a t e s  o f  t h e  N 3 d T  a n d  N H 2 d T .  

I t  i s  n o t e d  t h a t  O M e T  i n h i b i t e d  t h e  R C  D N A  s y n t h e s i s  m o r e  e f f e c t i v e l y  t h a n  
S S  D N A  a n d  C C C  D N A  s y n t h e s i s .  T h i s  r e s u l t  s u g g e s t s  t h a t  O M e T  i n h i b i t e d  
t h e  v i ra l  D N A  d e p e n d e n t  D N A  p o l y m e r a s e  ac t iv i ty  m o r e  t h a n  t h e  r e v e r s e  
t r a n s c r i p t a s e  ac t iv i ty .  O n  t h e  b a s i s  o f  t h e s e  r e s u l t s ,  w e  b e l i e v e  t h a t  b o t h  t h e  
D N A  d e p e n d e n t  D N A  p o l y m e r a s e  a n d  t r a n s c r i p t a s e  ac t iv i t e s  o f  D H B V  D N A  
p o l y m e r a s e  h a v e  u n i q u e  spec i f i c i t i e s  f o r  s u b s t r a t e s  a n d  i n h i b i t o r s .  T h i s  o b s e r ­
v a t i o n  m a y  b e  i m p o r t a n t  i n  a t t e m p t i n g  t o  d e s i g n  s p e c i f i c  i n h i b i t o r s  o f  h e p a d n a -
v i r u s  r e p l i c a t i o n .  T h i s  s t u d y  h a s  s h o w n  t h a t  t h e  in vitro c u l t u r e  s y s t e m  f o r  
D H B V  i n  d u c k  h e p a t o c y t e s  i s  u s e f u l  f o r  s c r e e n i n g  o f  an t iv i r a l  a g e n t s  f o r  h e p a d -
n a v i r u s e s .  T h e  s y s t e m  c a n  b e  a l s o  u s e f u l  f o r  d e t e r m i n i n g  o f  t h e  m e c h a n i s m  o f  
a c t i o n  o f  c a n d i d a t e  an t iv i r a l  a g e n t s .  W e  f o u n d  t h a t  N 3 d T ,  a k n o w n  r e v e r s e  
t r a n s c r i p t a s e  i n h i b i t o r  h a s  r e l a t ive ly  m o r e  s e l e c t i v e  ac t iv i ty  a g a i n s t  S S  D N A  
s y n t h e s i s  t h a n  O M e T .  O t h e r  i n h i b i t o r s  o f  r e v e r s e  t r a n s c r i p t a s e  m a y  b e  e f f e c ­
t i v e  i n h i b i t o r s  o f  h e p a d n a v i r u s e s  r e p l i c a t i o n .  
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