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Summary. - Synthesis of  the major DNA-binding protein (ICP8) 
was investigated in primary rabbit kidney (RK) and Vero cells 
infected with the syncytial (syn) strain HSZP or with the non-syn 
strain KOS of herpes simplex virus type 1 (HSV-1). Results showed 
the following: 1. In contrast to strain KOS, the rate of viral polypep­
t ide synthesis  was accelerated in Vero  cells infected with strain 
HSZP.  T h e  ICP8 could be  detected in t h e  nuclei of  cells by o n e  h o u r  
post-infection (hr  p. i.) where  it became associated with t he  viral 
D N A  (DNase  sensitive form).  Later on  (7 h r  p. i.), t h e  synthesis  of  
viral polypeptides decreased and  n o  fu r the r  translocation of  ICP8 
f r o m  t h e  cytoplasm into t h e  nucleus  was observed.  2. Strain H S Z P  
was approx. th ree  t imes  more  resistant t o  t h e  action of phosphonoa-
cetic acid (PAA) than  strain KOS. In order  t o  block t h e  synthesis  of  
H S Z P  gamma-2 polypeptides, a concentrat ion of  600 ^ g  P A A / m l  
had t o  be  used.  U n d e r  this  condit ion,  t h e  H S Z P  ICP8 was translo­
cated into t h e  cell nucleus  at later interval only (7 h r  p. i.), and  it was 
still possible t o  release this  polypeptide f r o m  t h e  nucleus  by DNase  
t rea tment .  T h e  failure of  t h e  H S Z P  ICP8 t o  associate with t h e  
nuclear matrix (DNase  resistant fo rm)  of  infected cells in t h e  
absence  of  viral D N A  replication may  reflect its predominant  affi­
nity for  t h e  viral D N A  which,  in tu rn ,  may be  responsible for  t he  
observed accelerated synthesis  of  t h e  H S Z P  polypeptides in 
infected Vero  cells. 3. In primary RK cells infected with strain H S Z P  
t h e  ICP8 did not  translocate into t he  cell nucleus .  Therefore ,  n o  
gamma-2 polypeptides were  synthesized.  
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Introduction 

Mammal ian  cells permisive t o  herpes  simplex virus (HSV) infection express 
approx. 50 virus induced cell polypeptides (ICPs). T h e  ICPs can be  categorized 
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) as alpha, beta, and gamma whose  synthesis  is coordinately regulated and 
sequentially ordered in a cascade fashion (Honess and Roizman, 1974; 1975). 
Immediately after infection alpha polypeptides are made, initiating the 
synthesis of beta polypeptides. T h e  beta polypeptides, in turn, suppress the 
continued production of alpha polypeptides and initiate the synthesis of  struc­
tural g a m m a  polypeptides.  T h e s e  have been  divided into two groups,  gamma-1 
and gamma-2.  Transcription of gamma-1 genes  occurs at low levels in t h e  
absence of  viral D N A  synthesis  b u t  is maximal  w h e n  progeny viral D N A  is 
synthesized. In  contrast ,  t h e  accumulat ion of  gamma-2 transcripts strictly 
depends  u p o n  viral D N A  synthesis  (Holland  et al., 1980). 

T h e  be ta  polypeptides are  synthesized dur ing t h e  peak period of  viral D N A  
synthesis a n d  include t h e  major  D N A  binding protein.  T h e  gene  for  th is  
protein which was designated ICP8 (relative molecular  weight  129 000), has  
been mapped  t o  approx. 0.40 m a p  un i t s  o n  t h e  H S V  g e n o m e  (Conley  et al., 
1981; Marsden  etal., 1978; Hol land  et al., 1984). Funct ional  ICP8 is required fo r  
D N A  replication and  affects  t h e  level of  viral gene  expression (Conley  et aI., 
1981; Godowski  and  Knipe,  1983; Wel ler  etal., 1983). Dur ing  infect ion,  ICP8 is 
targeted t o  two different  locations in t h e  nuc leus  of infected cell as a part  of  its 
maturat ion pathway (Guin lan  et al., 1984). ICP8 initially associates with t h e  
nuclear matrix a n d  remains  the re  in t h e  absence  of  viral D N A  replication. A s  
viral D N A  replication proceeds,  ICP8 binds  t o  replicating D N A  molecules.  
Inhibition of D N A  replication causes  its m o v e m e n t  back t o  t h e  nuclear  matrix. 

A s  described (Raučina  et al., 1984; Matis and Szántó, 1985; Matis and Kriv-
janská, 1988), the alpha-mRNA molecules of the HSZP strain of  HSV-1 exhi­
bited a p ronounced  funct ional  stability. T h e  strain is defective with regard t o  
t he  early shutof f  of hos t  protein  synthesis  a n d  in t h e  H S Z P  infected cells 
a t runcated glycoprotein C is synthesized.  I n  th is  communica t ion  w e  have 
examined t h e  synthesis  as well as t h e  localization of t h e  ICP8 in cells infected 
with t h e  H S Z P  strain of  HSV-1. 

Materials and Methods 

Cell cultures. Pr imary rabbit  k idney cell cu l tures  (RK) were  propagated f r o m  14 t o  30-day-old 
chinchilla o r  a lb ino  rabbits  (convent ional  breed  Valez) as  descr ibed previously (Mat is  and  Szántó, 
1985). Rabbit lung (ZP) cells (Szántó, 1960; Szántó  et al., 1972) were  propagated in Earle's solution 
with 0.5 % lactalbumin hydrolyzate, 0.1 % yestolate Difco, and 5 % inactivated calf serum (ICS) 
supplemented with antibiotics. African green monkey kidney (Vero) cells were  propagated in 
Eagle's basal medium (BEM) supplemented with 1 0 %  ICS. 

Viruses. HSV-1 strain HSZP (syn strain) propagated in ZP cell line and the prototype strain KOS 
(a non-syn strain passaged in Vero  cells) were  used throughout.  

Metabolic inhibitors and radioisotope. Cycloheximide (Actidione, Fluka AG. Switzerland) w a s  
used at a final concentration o f l 5 0  //g/ml o f  medium and Actinomycin D (Act D, BDH, Chemical 
Ltd., England) at 2 //g/ml o f  medium.  Phosphonoacetic acid (PAA,  Sigma, U.S.A.), inhibitor o f  
viral DNA polymerase, w a s  used at various concentrations (see legend to Figures). Radioisotope 

i 3 5 S-methionine (29.1 GBq/mol) w a s  administered to the  cell culture in methionine f r e e  medium 
I supplemented with 1 % ICS. 
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Fig. 1 
Express ion  o f  t h e  K O S  g e n o m e  o f  HSV-1 in Z P cel ls  

Ce l l s  w e r e  infected in t h e  a b s e n c e  ( lanes  2,4,6, and 8) or  presence  ( lanes  3,5,7, and 9 )  o f  P A A .  
C y c l o h e x i m i d e  w a s  a d d e d  t o  t h e  cel ls  0 ( lanes  2 and 3), 1.5 ( lanes  4 a n d  5), 3 ( lanes  6 a n d  7), and 5 
hr  ( lanes  8 a n d  9)  p. i. A f t e r  its removal ,  t h e  cel ls  w e r e  label led f o r  2 hr  (0.4 M B q / m l )  in t h e  
presence  o f  A c t  D and s u b j e c t e d  to e lectrophores is .  Mock-infected cel ls  incubated in t h e  presence  
( lane 1) o r  a b s e n c e  (lane 10) o f  P A A .  ICPs o f  t h e  a lpha (o), beta  (A), gamma-1  (•), a n d  gamma-2  (•) 

kinetic g r o u p s  are  marked.  

Fractionation of cells. T h e  nuclear  and cytoplasmic  f ract ions  o f  t h e  control  a n d  infected V e r o  
cel l s  w e r e  prepared according to Brown  etal. (1983) u s i n g  0.1 ml o f  hypotonic  b u f f e r  f o r  lys ing  t h e  
cel l s  f r o m  o n e  Miiller f lask  (approx.  1 x 10 6  cells).  

DNase treatment of nuclei. T h e  procedure  o f  Knipe  and S p a n g  (1982) w a s  u s e d .  T h e  concentra ­
t i o n  o f  D N a s e  I ( C a l b i o c h e m ,  U .S .A . )  in t h e  i n c u b a t i o n  m i x t u r e  w a s  2 0  n g / m l .  

Infection and labelling of cells. Cel l  m o n o l a y e r s  in Mii l ler  f l asks  w e r e  e x p o s e d  t o  2 0  P F U  o f  v i r u s  
p e r  cell  in 2 .0  m l  o f  m e d i u m .  A t  v a r i o u s  t i m e s  pos t  i n f ec t i on  (p .  i.) t h e  cel ls  w e r e  r i n sed  w i t h  
p r e w a r m e d  p h o s p h a t e - b u f f e r e d  sa l ine  (PBS)  a n d  radioact ively  labe l led .  F o r  l ong - t e rm  label l ing  
2 m l  o f  m e t h i o n i n e  f r e e  m e d i u m  s u p p l e m e n t e d  wi th  1 % I C S  a n d  c o n t a i n i n g  0.2 M B q  o f 3 5  S -
- m e t h i o n i n e  w a s  a d d e d  f o r  ind ica ted  in tervals .  F o r  p u l s e  label l ing  1.0 M B q  o f 3 ' S - m e t h i o n i n e  w a s  
u s e d  f o r  30 - 6 0  m i n .  C h a s e  c o n d i t i o n s  w e r e  e s t ab l i shed  by a d d i n g  un l abe l l ed  m e t h i o n i n e  t o  
a c o n c e n t r a t i o n  o f  1 x 10"3 m o l . d m 3 .  

Polyacrylamide gel electrophoresis. A t  t h e  e n d  o f  t h e  l o n g - t e r m  p u l s e  o r  pu l se -chase  label l ing  
e x p e r i m e n t s ,  t h e  cel ls  w e r e  s c r aped  o f f  f r o m  t h e  s u r f a c e  o f  t h e  flask a n d  e i t h e r  d i rect ly  o r  a f t e r  
p r epa ra t i on  o f  n u c l e a r  a n d  cy top l a smic  ex t r ac t s  so lub i l i zed  f o r  po lyac ry lamide  gel e l e c t r o p h o r e s i s  
( M a t i s  a n d  Rajčáni,  1980). A f t e r  e lectrophores i s  the  g e l s  w e r e  f ixed,  treated with 1 mol/1 s o d i u m  
sal icylate t o  prov ide  f luorographic  e n h a n c e m e n t  and analysed  b y  contact autoradiography u s i n g  
Mcdix  Rapid X-ray f i lm (Hradec Králové,  Czechoslovakia) .  
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Fig. 2 
Express ion o f  the  HSZP g e n o m e  o f  

HSV-1 in RK cells  
Cells  w e r e  infected in the  absence  (lanes 
2,4,6, and 8) or  presence (lanes 3,5,7, and 
9)  o f  P A A .  Cycloheximide w a s  added t o  
the  cells 0 (lanes 2 and 3), 1.5 (lanes 4 and 
5), 3 (lanes 6 and 7), and 5 hr (lanes 8 and 
9)  p. i. A f t e r  its removal,  the  cells  w e r e  
labelled f o r  2 hr (0.4 MBq/ml)  in the  
presence o f  Act  D and sub jected  to elec­
t rophores i s .  Mock- in fec ted  cells incu­
ba t ed  in t h e  p re sence  ( l ane  1) o r  a b s e n c e  
( lane  10) o f  P A A .  I C P s  o f  t h e  a lpha  (o) ,  
b e t a  (A), g a m m a - 1  (•), and gamma-2 (•) 

kinetic groups  are  marked.  

Fig. 3 
Polypeptides synthesized in HSZP or 

KOS infected V e r o  cells 
Mock-infected cells (M); cytoplasmic 
fraction (C); nuclear fraction (N); ICP5 

(O); ICP8 (•). 

3 5S-methionine 60 min 

HSZP 
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Results 

The effect of phosphonoacetic acid (PA A) on the synthesis of viral polypeptides 
in HSV-1 infected RK and ZP cells 

T h e  cells were infected in the presence or absence of P A A  and at various 
times post infection (p. i.) cycloheximide was added. A f t e r  its removal, the cells 
were radioactively labelled in the presence of  Act D and subjected to electrop­
horesis.  Such a procedure enables  t o  analyse t h e  electrophoretic profile of 
polypeptides reflecting t h e  coding capacity of  t h e  m R N A  molecules  transc­
ribed in t he  cells u p  t o  t h e  removal of  cycloheximide. 

W h e n  cycloheximide was added t o  a permissive virus-cell system (strain 
KOS - Z P  cells) in t h e  t imes  of viral D N A  replication ( >  3 h r  p. i.), t h e  greatest 
differences  in t h e  electrophoretic profiles of  polypeptides synthesized in t h e  
presence o r  absence  of  PAA were  observed (Fig. 1). In t h e  presence of PAA 
(non-replicating virus) reduced amounts -of  be ta  and  gamma-1 polypeptides 
were synthesized,  whereas  t h e  productive of  gamma-2 polypeptides were  prac­
tically inhibited. On  the  o the r  hand ,  in t he  RK cells infected with t h e  H S Z P  
strain n o  differences  in t h e  electrophoretic profiles of  polypeptides synthesized 
in t h e  presence or  absence  of  P A A  were observed.  Moreover,  t h e  synthesis  of 
t h e  host  polypeptides was no t  inhibited (Fig. 2). 

The rate of viral polypeptide synthesis in the HSZP or KOS infected Vero cells 
It was est imated that  t he  synthesis  of polypeptides of t he  H S Z P  strain in ZP,  

Vero,  and  R E F  (rabbit embryo  fibroblasts) cells was accelerated. W e  studied 
this  property in s o m e  detail using Vero  cells. A s  shown in Fig. 3, already by o n e  
h r  p.i. polypeptides of t he  H S Z P  strain were synthesized and  ICP8 could be  
detected in t h e  nuclei of infected Vero  cells. Later o n  (7 h r  p. i.), t h e  synthesis  
of  viral polypeptides decreased and  n o  fu r the r  translocation of ICP8 f rom cyto­
plasm into t h e  nucleus  of  infected cell was observed.  

In t h e  K O S infected cells, o n e  h r  p. i. n o  production of viral polypeptides was 
detected.  Viral polypeptides in substantial  a m o u n t s  were  synthesized at 7 h r  
p. i., when  transport  o f I C P 8  as well as of ICP5 (major  capsid polypeptide) into 
t h e  cell nuc leus  could be  demonst ra ted .  

The effect of PAA on the localization of/CP8 within the HSZP infected Vero cells 
Vero  cells were  infected with t h e  H S Z P  strain of  HSV-1 in t h e  presence or  

absence  of  PAA.  Pulse-chase exper iments  were  d o n e  at 3 h r  p. i. and  t he  
labelled polypeptides present  in t h e  cytoplasmic as well as nuclear fractions 
(treated o r  unt rea ted  with DNase)  or  infected cells were analysed by electrop­
horesis.  T h e  results are shown in Fig. 4. It can be  seen  that  both  viral polypep­
tides (ICP5 and  ICP8) which had been  synthesized a t  3 h r  p. i. (pulse) were  tran­
slocated dur ing  t h e  chase  period (2 hr) f rom the  cytoplasm into the  nucleus  of  
t h e  infected cell. U n d e r  t he  same  condit ions,  but  in t he  presence of PAA,  n o  
translocation of  both viral polypeptides f rom t h e  cytoplasm into t he  cell 
nucleus  was observed.  However,  small a m o u n t s  of ICP8 were translocated into 
t he  cell nucleus  at 7 hr  p. i., in a f rom that  DNase  t rea tment  was capable of 
releasing it f rom t h e  nuclei (Fig. 5). 
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Fig. 4 
Effect  o f  P A A  on the  localization o f I C P 8  

within the  HSZP infected V e r o  cells 
For fur ther  explanations s e e  Fig. 3. 

Fig. 5 
Localization of  ICP8 within the  V e r o  cells 
infected with the  HSZP strain o f  HSV-1 in 

the presence of  P A A  
For further  explanations s e e  Fig. 3. PAA (600^u.g/ml) 
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EfTect o f  P A A  on the synthesis  o f  the HSZP and KOS polypeptides in Vero  cells 
Cells  were  infected with HSZP strain (lanes 1 to 4) or KOS strain (lanes 5 to 8) in the absence 
(lanes 1 and 5) or presence o f 2 0 0  /ig (lanes 2 and 6), 400 (lanes 3 and 7). and 600 /ig P A A / m l  
(lanes 4 and 8) and af ter  incubation period of 11 hr labelled for  7 hr (0.1 MBq/ml). Mock-infected 

labelled cells (lane 9). ICPs belonging to the gamma-2 kinetic group are marked ( • ) .  

Discussion 

T h e  present  data demonst ra ted  that  t h e  beta polypeptides of t he  H S Z P  strain 
of  HSV-1 synthesized in RK cells are functionally impaired. As  shown in Fig. 2, 
they are  no t  capable of  switching on  t he  expression of  gamma-2 polypeptides. 
In comparison with t h e  Z P  cells, in RK cells n o  differences in t he  electropho-
retic profiles of  t h e  viral polypeptides synthesized in the  presence or  absence of  
PAA were  detected.  T h e s e  findings may indicate that  t he  g e n o m e  of the  HSZP  
strain does  not  replicate in RK cells as t he  consequence  of t he  inability of ICP8 
t o  translocate into t he  nuclei (data n o t  shown).  Fur thermore ,  in spite of t h e  
synthesis  of t h e  viral polypeptides belonging t o  t he  alpha, beta,  and  gamma-1 

MATIS, J., & KR1VJANSKÁ, M. 
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Fig. 7 
Polypeptides synthesized in HSZP or 
KOS infected V e r o  cells in the  presence 

of  P A A  
Cells  w e r e  infected with HSZP strain 
(lanes 2,4, and 6) or KOS strain (lanes 3,5, 
and 7) in the  presence c f  P A A  (600 n g / m l )  
and labelled af ter  incubation f o r  1 hr. 
Lanes  2 and 3 incubation for  4 hr; lanes 4 
and 5 incubation f o r  7 hr; lanes 6 and 7 

^ incubation f o r  11 hr. Mock-infected 
labelled cells (lane 1). ICPs belonging to 

1 2 3 4 5 6 7 the  beta and gamma-1 kinetic groups  are 
numbered  on the  right. 

kinetic groups, the host protein synthesis in RK cells was  not inhibited. W e  
have shown previously (Matis and Szántó, 1985; Matis and Krivjanská, 1988) 
that the HSZP strain of  HSV-1 is defective with respect to the  early shutoff  of 
host protein synthesis. Thus,  these  f indings support the suggestion that the 
secondary („delayed") shu tof f  of  hos t  protein  synthesis  is media ted  by 
a gamma  funct ion(s)  (Read and  Frenkel ,  1983; S t rom and  Frenkel ,  1987). 

T h e  infection of  o the r  cells with t h e  H S Z P  strain leads t o  a n  accelerated 
synthesis of  viral polypeptides (Fig. 3). T h e  pulse-chase exper iments  d o n e  at 3 
h r  p. i. revealed tha t  only o n e  of  t h e  two conformat ional  f o rms  of  ICP8 (Knipe 
et ah, 1982) accumulat ing dur ing t h e  chase  period h a d  b e e n  sensitive t o  t h e  
action of  D N a s e  (Fig. 4). T h e  exper iments  d o n e  in t h e  presence  o f  P A A  
revealed tha t  t h e  nuclear  association of  ICP8 of  t h e  H S Z P  strain was d e m o n ­
strated only at later t imes  p. i. a n d  tha t  th i s  polypeptide could b e  released f r o m  
the  nuclei of  infected cells with D N a s e  t rea tment .  T h e s e  results are  in contra­
diction t o  t h e  f indings of  o the r  au thors  w h o  showed tha t  in t h e  presence of 
PAA t h e  rate  of t h e  nuclear  association of ICP8 increased and  t h e  D N a s e  treat­
men t  did n o t  cause  its removal  f r o m  t h e  nuclei  (Knipe and  Spang, 1982). T h e  
observed pronounced  resistance of  t h e  H S Z P  strain t o  t h e  action of  P A A  may  
be responsible fo r  th is  discrepancy. I n  comparison with t h e  K O S  strain of  
HSV-1, approx. t h r e e  t imes  higher  concentra t ions  of P A A  m u s t  b e  u s e d  fo r  t h e  
inhibition of  t h e  H S Z P  gamma-2 polypeptide synthesis.  T h e  presence of  
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suboptimal concentrations of  P A A  in infected Vero  cells (<600 ng/ml) causes 
an approx. 10 hr prolongation of  the HSZP polypeptide synthesis (Fig. 6). In the 
presence of  inhibitory concentrations of  P A A  (ž600/zg/ml), the translocation 
of  1CP8 into the nuclei o f  infected Vero  cells (7 hr p. i.) correlates with the 
highest synthesis  of  viral polypeptides (Fig. 7). However, despite of  its associa­
t ion with t h e  viral D N A  (DNase  sensitive form),  t h e  gamma-2 polypeptides 
were  no t  synthesized.  T h i s  failure of  t h e  H S Z P  ICP8 t o  associate with t h e  
nuclear  matrix o f  infected cells (DNase  resistant fo rm)  in t h e  presence of  P A A  
may indicate its p redominant  affinity for  t h e  viral D N A .  Such a property of  
ICP8 might  account  for  t h e  observed accelerated synthesis  of  viral polypep­
t ides  in t h e  H S Z P  infected Vero  cells. 
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