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Summary. - Polypept ides  synthes i zed  i n  rabbit  e m b r y o  fibroblasts 
(REF) in fec ted  w i t h  six isolates o f  m u r i n e  herpesv i rus  (MHV) 
c o m i n g  f r o m  d i f f e r e n t  localities i n  ČSFR w e r e  c o m p a r e d  b y  e lec­
trophoresis (SDS-PAGE).  Altogether 28 virus-coded polypeptides 
with apparent molecular weights  ranging from 240 k D  to  16 k D  were 
identified. Whi le  isolates MHV-60,  MHV-72,  and MHV-76  had 
identical polypeptide profiles, the  isolates MHV-68 and MHV-78 
lacked a polypeptide with apparent molecular weight o f  46 kD,  the  
rest o f  polypeptides being identical as well.  T h e  polypeptide profile 
o f  M H V  Sumava A.f .  was most  different from that o f  other M H V  
isolates. This  result is in  agreement with s o m e  different biological 
properties o f  this isolate. A t  a high multiplicity o f  infection (40 
TCID50 per cell) first polypeptides with apparent molecular weights  
125 k D  and 84  k D  were detected by 5 - 9  hr post-infection (p.i.). Al l  
other proteins appeared 14-18 p.i. 

Key words: novel murine herpesvirus; virus polypeptides; poly aery la-
mide gel electrophoresis 

Introduction 

Six strains o f  a novel  M H V  were isolated from t w o  species o f  wild murine 
rodents  Clethrionomys glareolus (MHV-60,  MHV-68,  and MHV-72)  and 
Apodemusflavicollis (MHV-76,  MHV-78,  and M H V  Š u m a v a  A. f . )  a n d  s o m e  o f  
the ir  biological  properties w e r e  descsr ibed (Blaškovič  et al., 1980; Mistríková 
a n d  Blaškovič, 1985). Electron microscopic  s tud ies  o f  in fected  R E F  cells  
p r o v i d e d  morpholog ica l  e v i d e n c e  that t h e  v i r u s e s  b e l o n g e d  to  the  f a m i l y  
Herpesviridae (Čiampor  et al., 1981). A s  t h e  result  o f  fur ther  biological,  b ioche ­
mical, and the pathogenetic studies (Svobodová  etal, 1982a, ft; Blaškovič  etal., 
1984; Rajčáni  et al., 1985; Stančeková  et al., 1987) has  b e e n  f o u n d  that 
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MHV s h o w e d  s o m e  spec ies  propert ies  o f  a n  a lphaherpesv irus  i n  phy logenet i-
cally d i f f e r e n t  w i l d  rodents ;  t h e  sensit iv ity  t o  th i s  v i r u s  w a s  u n d e r  t h e  l i m i t  o f  
the  species  specif icity (Mistríková a n d  Blaškovič, 1985; Blaškovič  etal., 1987a, 
b). 

Efstath iou  et al. (1990a, b.) invest igated  t h e  g e n o m e  o f  MHV-68. T h e y  h a v e  
ident i f i ed  n i n e  g e n e s  w h i c h  e n c o d e  a m i n o  acid s e q u e n c e s  w i t h  greater s imi la ­
rity t o  proteins o f  the  gammaherpesvirus Epstein-Barr virus (EBV) than t o  the  
homologous  products o f  the  alphaherpesvirus varicella-zoster virus and herpes 
simplex virus type 1 or the  betaherpesvirus h u m a n  cytomegalovirus. I n  addi­
tion, the  g e n o m e  organization o f  MHV-68 is  shown t o  have an overall colinea-
rity with that o f  the  gammaherpesviruses E B V  and  herpesvirus saimiri. T h e y  
suggested t o  classify MHV-68  into the  subfamily  Gammaherpesvirinae. Th i s  
points at the  difficulties o f  classification o f  M H V  w h o s e  biological behaviour is  
not quite typical for a gammaherpesvirus. I n  this presentation w e  compare the  
polypeptide profiles o f  the  R E F  cells infected with  s ix  isolates o f  M H V  and 
strains KOS and H S Z P  o f  the  herpes s implex virus type 1 (HSV-1).  Further­
more, t h e  kinetics o f  t h e  synthesis o f  virus polypeptides in  R E F  cells infected 
with MHV-60  and MHV-76  were  investigated. 

Materials and Methods 

Cells and media. Stable l ine  o f  rabbit embryo  fibroblast (REF)  cel ls  (kindly provided b y  Dr .  D .  
Řezáčová,  Inst i tute  o f  Sera a n d  V a c c i n e s ,  Prague )  w e r e  c u l t u r e d  i n  Eag le ' s  b a s a l  m e d i u m  (BEM) 
s u p p l e m e n t e d  w i t h  5 - 1 0  % inact i vated  b o v i n e  s e r u m  (IBS), g l u t a m i n e  (3 g p e r  100 m l )  a n d  a n t i b i o ­
tics (100 uni t s  o f  penici l l in a n d  100 / / g  o f  streptomycin per ml ) .  T h e s e  ce l l s  w e r e  u s e d  throughout  
all experiments .  

Viruses. Isolates  o f  M H V  c o m i n g  f r o m  Clethrionomys glareolus ( N o .  60,  68 ,  72)  and f r o m  
Apodemus flavicollis ( N o .  76 ,  78,  and  Š u m a v a  A . f . )  (Blaškovič  et al., 1980; Mistr íková  a n d  Blaš­
kovič, 1985) w e r e  c o m p a r e d  w i t h  HSV-1 strain HSZP (Szántó  et al., 1972) a n d  t h e  p r o t o t y p e  stra in  
KOS. * 

Infection and labelling of the cells. C o n f l u e n t  ce l l  m o n o l a y e r s  (approx imate ly  2 x 10" ce l l s  p e r  
f lask)  w e r e  i n f e c t e d  at a m u l t i p l i c i t y  o f  i n f e c t i o n  (MOI) o f  1,10, o r  40 TCID50 p e r  cel l  a n d  k e p t  f o r  
60 m i n  at 37 °C .  Af t er  virus adsorption,  t h e  i n o c u l u m  w a s  r e m o v e d  a n d  replaced w i th  B E M  
supplemented w i th  5 % IBS. F o r  labelling, t h e  m e d i u m  w a s  replaced w i t h  2 m l  o f  m e d i u m  
B E M / 1 0  ( ten  t i m e s  reduced a m i n o  acids except  o f  arginine and  supp lemented  w i th  1 % IBS)  
containing 0.1 M B q / m l  o f  1 4 C-am ino  acid hydrolysate ( Ú V W R ,  Prague,  s p e c i f i c  act iv i ty  4 x 10 
MBq/g).  A t  t h e  e n d  o f  t h e  l a b e l l i n g  p e i o d  t h e  ce l ls  w e r e  r i n s e d  w i t h  ice-cold  p h o s p h a t e - b u f f e r e d  
saline (3 x 5.0 m l / f l a s k )  s c r a p p e d  o f f ,  p e l l e t e d  a n d  s t o r e d  f r o z e n  at - 7 0  ° C  until  subsequent  polyac-
rylamide ge l  electrophoresis .  

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and autoradiography. Samples  w e r e  
analysed o n  6 %, 8 %, 10 %, and 12 °/o polyacrylamide ge l s  (cross-l inked w i t h  methylenbisacryla-
mide)  as  described (Matis  and  Rajčáni, 1980). T h e  g e l s  w e r e  fixed a n d  t reated  w i t h  1 mol/1 s o d i u m  
salicylate t o  p r o v i d e  fluorographic e n h a n c e m e n t  ( u s i n g  M e d i x - R a p i d  X-ray  film, H r a d e c  
Králové) .  F o r  t h e  m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n  t h e  f o l l o w i n g  p r o t e i n s  w e r e  u s e d :  m y o s i n ,  
beta-galactosidase, p h o s p h o r y l a s e  B, b o v i n e  s e r u m  a l b u m i n ,  o v a l b u m i n ,  a n d  c a r b o n i c  a n h y d r a s e  
(Sigma). 



270 R E I C H E L ,  M .  et al. 

Fig. 1 
Polypept ides  synthes ized  i n  MHV-60 a n d  

MHV-76 in fected  cells 
Virus-infected cel ls  (60,76) w e r e  pulse-

labe l led  w i t h  u C - a m i n o  acids  at var ious  
t i m e s  post-infection (p.i.), t h e  n u m b e r s  at 
t h e  top  o f  t h e  autoradiogram refer  t o  t i m e  
i n  hours.  A f t e r  label l ing,  t h e  protein  
samples  w e r e  analysed o n  a n  8 % SDS-
polyacrylamide  gel.  Mock-infected cells 
labe l led  f o r  16 h r  (M). A p p a r e n t  m o l e ­
cular weights x 10"3 o f  virus-induced 
polypeptides are shown in the  middle and 
o f  the standard proteins o n  the  right. 

Results 

MHV-60  and MHV-76 were chosen  for detailed analysis o f  the polypeptide 
profile o f  a novel  MHV.  T h e  MOI o f  20  TCID5 0  per cell was used  and infected 
cells were labelled with  14C-amino acid hydrolysate at various intervals post­
infection (p.i.) (Figs. 1 and 2). 28 virus polypeptides with molecular weights  
ranging from 16 k D  to  240 k D  were demonstrated at both virus isolates. T h e  
following proteins were detected: 2 4 0 , 1 6 1 , 1 3 8 , 1 2 5 , 1 1 2 , 1 0 0 , 8 4 , 7 4 , 6 6 , 6 2 , 5 8 ,  
55, 52, 50, 48, 46, 44, 42.5, 40, 39, 36, 35, 34, 32.5, 28.5, 27 .5 ,21 ,  and 16 kD.  N o  
differences were found  either in number  o f  polypeptides or their molecular 
weights.  W e  can conclude that MHV-60  and MHV-76  have identical polypep­
tide profiles. 

Fig. 2 
Polypeptides synthesized in  MHV-60 

infected cells 
Protein samples were analysed o n  

a 10 % SDS-polyacrylamide gel. Cells 
infected with the strain KOS o f  HSV-1 
and labelled with  1 4C-amino acids from 
4 t o  2 0  hr p.i. (KOS). Apparent molecular 
weight x 10"3 o f  three virus-induced poly­
peptides i s  marked o n  the right. For 
further explanations see  Fig. 1. 
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Fig. 3 
T h e  t i m e  course  o f  t h e  v irus- induced 
po lypept ide  synthesis  i n  MHV-60 n a d  

MHV-76 in fec ted  cells 
Cel ls  w e r e  in fected  at a mult ip l ic i ty  o f  

40 TCID50 p e r  cell  (60, 76) a n d  pulse-
label led  at var ious  t i m e s  p.i. A p p a r e n t  
molecu lar  w e i g h t s  x 10~3 o f  v i rus- induced 
polypept ides  are s h o w n  o n  t h e  right. F o r  
further  explanations see  Fig.  1. 

T h e  kinetics o f  the  synthesis  o f  v irus  polypeptides o f  MHV-60 a n d  MHV-76 
was investigated i n  in fected  R E F  cells at a MOI o f  1,20, a n d  40 TCID 5 0  per  cell. 
A t  a MOI o f  1 TCID50 p e r  cell  the  polypeptides  138 k D  a n d  84 k D  w e r e  first 
detected 24-28 h r  p.i. A l l  other v irus  polypeptides  w e r e  s e e n  at 40-44 h r  p.i. 
(not shown) .  A t  MOI o f  20 TCID 5 0  per cell  the  first polypeptides occurred at 
15-19 h r  p.i. a n d  the  rest o f  polypeptides at 23-36 h r  p.i. (not s h o w n ) .  A t  MOI o f  
40 TCID50 per  cell the  first polypeptides (138 k D  a n d  84 kD)  w e r e  detected 5-9 
hr  p.i. a n d  all others at 14-18 h r  p.i. (Fig. 3). 

Further w e  compared the  polypeptide profi les  o f  the  R E F  cells in fected  w i t h  
six isolates o f  M H V  including M H V  Šumava A.f .  w h i c h  was  isolated f r o m  very 
distant locality (Mistríková a n d  Blaškovič, 1985). T h e  polypept ide prof i le  o f  
MHV Šumava A.f .  is the  m o s t  d i f ferent  f r o m  the other  isolates o f  MHV, 
synthesizing an  84 k D  polypeptide.  In cells infected w i t h  the  M H V  Šumava A. f .  
a 79 k D  polypeptide, as w e l l  as t w o  n e w  proteins (59 a n d  64 k D )  w e r e  detected 

Fig. 4 
Polypept ides  synthes i zed  i n  cells in fected  

w i t h  var ious  isolates o f  M H V  
Cel ls  w e r e  labe l led  f r o m  72 t o  96 h r  p.i. 

a n d  sub jected  t o  polyacry lamide  gel  elec­
trophoresis. Apparent molecular weights 
x 10"3 o f  standard proteins are shown o n  
the  left and o f  the virus-induced polypep­
tides o n  the right. Cells infected with the  
isolate  Šumava  A. f .  (Š), w i t h  t h e  HSZP 
strain o f  HSV-1 (HSZP), w i t h  t h e  indiv i ­
dual isolates o f  M H V  (60, 68, 72, 76, 78), 
mock-infected cells (M). 
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1 2  3 1 2 3 2 3 1 2 3 

M 6 8  6 8  6 8  72 72 72 76 76 78 78 78 

Fig. S 
Polypept ides  synthes ized  i n  cells in fected  

w i t h  var ious  isolates o f  M H V  
Protein samples  w e r e  analysed o n  6 % 

SDS-polyacrylamide gel.  Isolates 
MHV-68, MHV-72, MHV-76, a n d  
MHV-78 w e r e  labe l led  at intervals f r o m  
48 t o  72 (1), f r o m  72 t o  96 (2), o r  96 t o  120 
h r  (3), isolate 76 at intervals f r o m  72 t o  96 
(2), or  f r o m  96 t o  120 (3) h r  p.i., respecti­
vely. For further explanations s e e  Fig. 1. 

(Fig. 4). Comparison o f  polypeptide profiles o f  MHV-68,  MHV-72,  MHV-76,  
and MHV-78 as illustrated in Fig. 5 shows  that these  isolates are identical with 
the exception o f  polypeptide 46 k D  which is lacking in MHV-68 and MHV-78 
infected cells. T h e  same  finding was obtained using a 12 % polyacrylamide gel. 

Finally, w e  compared the polypeptide profiles o f  t h e  strain KOS HSV-1 with 
MHV-76  (Fig. 6). A counterpart t o  the  major nucleocapsid polypeptide 
(155 k D )  o f  the strain KOS HSV-1  was the MHV-76  polypeptide 161 k D .  Poly­
peptide 161 k D  was c o m m o n  for all M H V  isolates. T h e  125 and 138 k D  polypep­
tides o f  MHV-76  s e e m e d  t o  correspond to  the  glycoproteins gB and g C  o f  the  
strain K O S HSV-1.  A l s o  for the  112, 100, 84, and 7 4  k D  polypeptides o f  
MHV-76  counterparts in the  polypeptide profile o f  cells infected with the  strain 
KOS HSV-1  could b e  found.  N o  counterpart t o  glycoprotein g D  o f  the  strain 
KO S HSV-1  in MHV-76  infected cells was  detected. Further, t w o  polypeptides 
(48 and 50 k D )  synthesized in cells infected with MHV-76  were not  detected in  
KOS-infected cells. 

Discussion 

In this communication,  the  synthesis  o f  polypeptides in R E F  cells infected 
with six isolates o f  a novel  M H V  was analysed. Us ing  a low MOI (1 TCIDj 0  per 
cell) the  first virus polypeptides were detected 2 4  hr p.i. A t  a high MOI (40 
TCID 5 0  per cell), these  polypeptides were already detected by 5 - 9  hr p.i. Addi­
tional virus polypeptides were detected at 14-18 hr and 4 0 - 4 4  hr p.i., respecti­
vely. O n  the  basis o f  these  results, it can be  concluded that the t ime course o f  
virus polypeptide synthesis  in the MHV-infected R E F  cells more  resembled t o  
that in  herpesvirus saimiri infected cells (Randall, 1985) than t o  that in  HSV-1  
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KOS 76 

Fig. 6 
Polypeptides synthes ized  i n  cells i n f e c t e d  
with  t h e  KOS strain o f  HSV-1 a n d  w i t h  

t h e  MHV-76 
Cells  in fec ted  w i t h  t h e  KOS strain w e r e  

labelled f r o m  4 t o  20 h r  p.i. Cel l s  in fec ted  
with t h e  MHV-76 w e r e  labe l led  f r o m  48 t o  
72 h r  p.i. A p p a r e n t  molecu lar  w e i g h t s  x 
10"3 o f  t h e  standard proteins  are indicated 
o n  t h e  m o s t  left,  o f  t h e  m a j o r  capsid po ly ­
peptide (ICP5), as  wel l  as the positions o f  
individual glycoproteins o f  the  KOS 
strain o f  HSV-1  o n  the  left, and o f  the  
virus-induced polypeptides o f  MHV-76 * 
on the right. 

infected cells (Spear, 1980). 
Stančeková  et al. (1987) f o u n d  i n  M H V  a b o u t  2 4  structural po lypept ides  w i t h  

a molecu lar  w e i g h t  ranging  f r o m  275 t o  25 k D .  Based  o n  c lose  similarity o f  t h e  
polypept ide  prof i les  o f  M H V  a n d  strain HSZP o f  HSV-1 a n d  o n  d i f f e r e n c e s  i n  
the po lypept ide  pro f i l e  o f  m u r i n e  cytomegalov i rus  t h e y  s u p p o r t e d  t h e  n o t i o n  
that M H V  m a y  b e l o n g  t o  s u b f a m i l y  Alphaherpesvirinae. I n  MHV-in fected  R E F  
cells 28 v i rus  po lypept ides  w i t h  apparent  molecu lar  w e i g h t s  ranging  f r o m  240 t o  
16 k D  w e r e  detected.  I n  compar i son  w i t h  Stančeková  et al. (1987), s o m e  d i f f e ­
rences i n  t h e  number  o f  detected virus polypeptides as we l l  as in  their apparent 
molecular weights  were observed. T h e  possible explanation is  that Stančeková 
et al. (1987) ana lysed  t h e  po lypept ides  o f  p u r i f i e d  v i ruses  w h e r e a s  i n  th i s  
c o m m u n i c a t i o n  t h e  po lypept ides  s y n t h e s i z e d  i n  t h e  MHV-infected  R E F  cel ls  

« MB 

116- gB 

•48 50 



274 R E I C H E L ,  M .  et al. 

w e r e  invest igated.  
S o m e  r e s e m b l a n c e  b e t w e e n  t h e  po lypept ide  prof i les  o f  MHV-76 a n d  strain 

K O S  HSV-1 h a s  b e e n  f o u n d .  Because  o f  t h e  poss ib le  glycosylation a n d  p h o s p ­
horylation o f  particular polypeptides, the unity o f  molecular weights o f  s o m e  
polypeptides gt these  compared viruses can b e  accidental. In addition, the  
major nucleocapsid polypeptide 155 k D  HSV-1  and s o m e  other proteins have 
their equivalents at each o f  three herpesvirus subfamilies (Killington  et al., 
1977; H o n e s s  and Watson,  1977; Modrow and Wolf ,  1983; Landini and 
Michelson,  1988). Th i s  means  that it is no t  possible t o  classify M H V  into o n e  o f  
the  subfamilies o f  herpesviruses o n  the  basis o f  t h e  polypeptide profiles only. 
In addition, the  polypeptide profile o f  M H V  has not  yet  b e e n  compared with 
t h e  polypeptide profile o f  any gammaherpesvirus. 

Efstathiou  et al. (1990a, b.) suggested to  group MHV-68 into subfamily 
Gammaherpesvirinae o n  t h e  basis o f  the  viral g e n o m e  structure. T h u s  a compa­
rison with the  polypeptide profiles o f  certain gammaherpesviruses, namely 
with  herpesvirus saimiri, will b e  desirable. Nevertheless ,  our results confirmed 
that the  polypeptide profile o f  M H V  has a characteristic feature o f  a herpes­
virus polypeptide profile. 

M H V  Š u m a v a  A . f .  w a s  isolated f r o m  v e r y  distant  locality a n d  it d i f f e rs  f r o m  
other  isolates o f  M H V  i n  s o m e  biological  propert ies  (Svobodová  et al., 1982a; 
Mistríková a n d  Blaškovič, 1985). In addit ion,  t h e  s tud ies  o n  strain Š u m a v a  A . f .  
h a v e  s h o w n  that th is  v i rus  g e n o m e  h a s  a m e a n  G+C pair content  o f  approxima ­
tely 60 % and a s ize  o f  135 kb (Blaškovič  et al., 1988). O n  t h e  o ther  h a n d ,  
MHV-68 g e n o m e  consists  o f  188 k b  o f  u n i q u e  D N A  h a v i n g  a G+C content  o f  
45 % f l a n k e d  b y  variable  cop ies  o f  a n  1.23 k b  repeat u n i t  (Efstathiou  et al., 
1990a, b). O u r  results  c o n f i r m  that t h e  po lypept ide  prof i le  o f  M H V  Š u m a v a  A . f .  
w a s  t h e  m o s t  d i f f e r e n t  f r o m  po lypept ide  prof i les  o f  other  M H V  isolates, too. 

C o m p a r i n g  t h e  po lypept ide  prof i les  o f  M H V  isolates it has  b e e n  s h o w n  that 
MHV-68 a n d  MHV-78 u n l i k e  MHV-60, MHV-72, a n d  MHV-76 are lacking t h e  
p o l y p e p t i d e  46 k D .  T h i s  po lypept ide  is g lycosylated a n d  is accumulated  i n  t h e  
cytoplasmic  fraction (our  u n p u b l i s h e d  results).  T h e  absence  o f  th is  po lypep ­
tide could explain the  antigenic differences among individual M H V  isolates 
(Svobodová  et al., 19826). MHV-68 a n d  MHV-78 w h i c h  are lacking t h e  po ly ­
peptide 4 6  k D  were isolated from phylogenetically different species  o f  wild 
rodents (MHV-68 from  Clethrionomys glareolus and MHV-78 from  Apodemus 
flavicollis) similarly as isolates with this polypeptide. This  confirms the  conclu­
s ions  o f  Blaškovič  et al. (19876) that t h e  sensit iv ity  t o  this  v i rus  is u n d e r  t h e  
l imi t  o f  t h e  species  specificity. 

Fur ther  analysis  o f  po lypept ides  present  i n  t h e  cytoplasmic  a n d  nuclear  frac­
t ions o f  the  M H V  infected R E F  cells is currently under way. 
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