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Summary. — F i f t e e n  po lypep t ides  i n d u c e d  b y  K e m e r o v o  v i r u s  
were  d e t e c t e d  i n  chick e m b r y o  cells (M r  140, 98, 89, 72, 65, 62, 
57, 54, 50, 47, 43, 41, 39, 31 k D ,  a n d  30 k D ) .  N i n e  of t h e m ,  
n a m e l y  t h e  140, 98, 65, 62, 57, 54, 50, 47  k D ,  a n d  4 1  k D  po ly ­
pep t ides  were  also f o u n d  i n  t h e  pa r t i a l l y  pur i f ied  v i rus .  H o w e v e r ,  
t h e  l a t t e r  con ta ined  also considerable a m o u n t  of h o s t  cell p r o ­
teins ,  p r e d o m i n a n t l y  t h e  205 k D ,  4 5  k D ,  a n d  37 k D  polypept ides .  
I n  t h e  e lect ron microscope t h e  spherical  v i ra l  par t ic les  exh i b i t ed  
a poor ly  def ined  su r face  s t r u c t u r e  of a d i a m e t e r  of 70—75 n m .  
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Introduction 

T h e  vi ruses  belonging t o  t h e  K e m e r o v o  serogroup of Orb iv i rus  genus ,  
s u c h  a s  N u g g e t  o r  Mill Door /79  v i rus ,  a r e  diff icul t  t o  p u r i f y  p r o b a b l y  d u e  
t o  t h e i r  s t rong  associat ion w i t h  cellular m a t e r i a l  (Gorman  et al., 1984). T h e  
R - 1 0  s t r a i n  of K e m e r o v o  v i r u s  (KV)  ( U b í k o v á  et cd., 1964) seems t o  possess  
similar properties when part ia l ly  purified f r o m  infected cells (Slávik a n d  
Nermut,  1970; Rosenbergová  a n d  Slávik,  1975; S láv ik  et cd., 1984). T h e  
v i r a l  s t ructural  polypeptides  can b e  f o u n d  among t h e  virus-induced poly ­
pep t ides  i n  in fec ted  cells (Spence  et al., 1985) a n d  also a m o n g  t h e  po ly­
pept ides  syn thes ized  i n  a cell f r ee  t r ans l a t i on  s y s t e m  (Eley  et cd., 1985; 
Spence  et cd., 1986). T h e  a i m  of o u r  w o r k  w a s  t o  speci fy  t h e  po lypep t ides  
i n d u c e d  b y  K V  in  chick e m b r y o  cells (CEC) a n d  t o  c o m p a r e  t h e m  w i t h  
t h o s e  f o u n d  i n  t h e  pa r t i a l l y  pur i f ied v i rus .  

Materials and Methods 

Virus. T h e  R-10  s t r a i n  c f  K V  (Lib íková  et al., 1964) underwent 3 passages  in CEC cultures  
8 passages in t h e  y o l k  sac  c f  chick e m b r y o s  a n d  5 passages  in the  brains  of suckling r a t s .  Lyo-
philized brain suspension (Slávik  et al., 1984) served  a s  s tock  v i rus .  For  experimental  purpose 
a high t i t re  v i r u s  s tock  w a s  prepared in CEC cultures a s  fol lows:  p r i m a r y  CEC cultures were 
seeded in Petr i  dishes in amount  of 5.5 X 10 5  cells p e r  c m 2  in P a r k e r  medium 199 containing 
1 0 %  calf serum a n d  7 mmol/1 Tris-HCl p H  7.6. A f t e r  18—24 h r  incuba t i cn  a t  37 °C t h e  
monolayers  were infected a t  M O I  c f 0.01 P F U  p e r  cell f o r  1 h r  a t  r o o m  t e m p e r a t u r e  a n d  f u r t h e r  
incuba ted  in f r e s h  m e d i u m  w i t h o u t  s e r u m  f o r  18— 24 h r  a t  37 °C (Slávik  et al., 1984). Cells were  
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t h e n  scraped off" into  g r o w t h  medium and di s rupted  w i t h  3 0  s t r o k e s  in a Dounce homcgenizer  
(Bellco). T h e  crude  suspension s e r v e d  a s  a high t i t r e  v i r u s  s tock.  

J'lar/uc titration w a s  per formed in p r i m a r y  CEC cultures  g rown in 60 m m  Petr i  dishes f o r  
4 8  h r  a t  37  °C i n  basa l  E a g l e ' s  m e d i u m  (BEM)  s u p p l e m e n t e d  w i t h  1 0 %  calf  s e r u m .  T e n f o l d  
d i lu t ions  of v i r u s  s a m p l e s  in P B S  p H  7.2 w e r e  app l i ed  t o  d u p l i c a t e  cu l tu res .  A f t e r  1 h r  a b ­
s o r p t i o n  a t  r o o m  t e m p e r a t u r e ,  t h e  inocu lum w a s  r emoved  a n d  colls were  over la id  w i t h  4 .5  m l  
0 . 9 %  a g a r  ( B a c t o  A g a r  Special  Nob le ,  I>ifco) in E a g l e ' s  m e d i u m  p e r  d i sh .  A f t e r  04 h r  a t  37 °C 
t h e  c u l t u r e s  were  s t a i n e d  w i t h  0 . 0 1 %  B a c t o  N e u t r a l  R e d  (Difco) in  0 . 9 %  a g a r  in  physiological  
sa l ine  f o r  4 —  0 h r  a t  room t e m p e r a t u r e  and  the  p l a q u e s  c f  lysed cells were  counted.  

Labelling of virus-induced polypeptides. CEC monolayers  g rown in 0 0  m m  Petri  dishes  were  
infected a t  MOI of  a b o u t  100 P F U  p e r  cell a t  room temperature .  A f t e r  1 h r  t h e  inoculum w a s  
removed,  t lie cells were  washed  and  f r e s h  BEM w a s  added.  A f t e r  var ious  incubation in te rva l s  
a t  37  °C t h e  c u l t u r e s  were  p ro - incuba ted  f o r  3 0  m i n  in  a m e d i u m  con ta in ing  ac t inomyc ine  1> 
(0.5 jig p e r  ml )  a n d  a r educed  ( 5 % )  a m o u n t  o f  m e t h i o n i n e .  T h e r e a f t e r ,  1.85 M B q  of  ̂ - m e t h ­
ionine ( R o t o p ,  G . R . D . )  w a s  a d d e d  p e r  d i s h  a n d  label l ing proceeded f o r  1 o r  6 h r ,  respect ively .  
A t  a p p r o p r i a t e  i n t e r v a l s  a f t e r  i n e c t i o n  t h e  cells w e r e  sc raped  off a n d  pe l l e ted  f o r  5 m i n  a t  
2,500 g .  T h e  cells w e r e  washed  twice  w i t h  P B S ,  lysed in 250 (xl of l oad ing  b u f f e r  (0.062 m o l / l  
Tr i s -HCl  p H  6.8, 0 . 0 0 5 %  b r o m p h e n o l  b lue ,  2 %  sod ium dodecyl  s u l p h a t e ,  5 %  2 -mercap to -
e t h a n o l  a n d  1 0 %  glycerol)  b y  h e a t i n g  in a boi l ing w a t e r  b a t h  f o r  3 m i n  a n d  t h e n  cooled in a n  
ice b a t h .  T h e  s a m p l e s  w e r e  s t o r e d  a t  — 2 0  °C.. 

Preparation of the partially purified KV. A b o u t  5 x 10® CEC in five 150 m m  Petr i  d ishes  
w e r e  used f o r  v i r u s  production.  A t  24 h r  p.i .  t h e  cells were  harves ted,  sedimented a t  
3,500 g f o r  3 0  min  a t  4 cC. T h e  coll pe l le t  w a s  resuspended in 20 ml of  TE-TX-100  b u f f e r  
(10 mrnol/l T r i s ,  5 rnmol/l EDTA-Naa, 2 %  Tr i ton  X-100), homogenized w i t h  3 0  s t r o k e s  in 
a Dounce homogenizer a n d  centr i fuged a t  5,000 g f o r  30 min. T h e  s u p e r n a t a n t  representing 
the  cy toplasmic  e x t r a c t  w a s  t r e a t e d  twice w i t h  1/2 volume of Genetron 113 (Fluka) b y  manua l  
s h a k i n g  f o r  5 min. A f t e r  centr i fugat ion a t  2,500 g f o r  5 min the? v i r u s  containing aqueous  phase  
w a s  layered o n t o  5 ml 4 0 %  sucrose (made in 10 rnrnol/1 T r i s  and  5 rnmol/l EDTA-Na2) a n d  
centr i fuged  in SYV-25.1 rotor  (Beckman) a t  21 000 rev/min f o r  2 hr .  T h e  pellet  w a s  resuspended 
in 16 ml of  TE-TX-100  b u f f e r ,  l a y e r e d  onto  1 ml of  4 0 %  sucrose and  centr i fuged  in SW-50.1 
ro tor  (Beckman) a t  3 0  000 rev/mi n f o r  4 5  min.  Final ly,  t h e  pe l l e t s  w e r e  resuspended in 0.5 ml  
of TE-TX-100,  layered  o n t o  4.5 ml of preformed CsCl d e n s i t y  g rad ient s  (p = 1.25— 1.40 g . c m - 3 )  
and  centr i fuged  in SW-50.1 ro tor  a t  35  000 rev/min f o r  2.5 hr.  T h e  b a n d s  containing v i r u s  
mater ia l  (p = 1.32 g . c m - 3 )  w e r e  collected, d i lu ted  w i t h  TE-TX-100 b u f f e r  and  the  mater ia l  
w a s  pel leted through 1 ml of  4 0 %  sucrose a s  described a b o v e  • 

Poly aery lamide (jel electrophoresis (PAGE). Prote ins  were  electrophoretically separated  in 
18 cm long  and  1 m m  thick 1 0 %  polyacry lamide  s l a b  gels  u s i n g  4 . 5 %  s t a c k i n g  gel  c f  1.5 cm 
l e n g t h  anil a discontinuous Tris-glycine b u f f e r  s y s t e m  (Laemmli,  1970). Electrophoresis  w a s  
r u n  f o r  8 h r  a t  1 8 0 — 2 0 0  V a t  room temperature .  T h e  ge l s  were  fixed and  s ta ined in 4 5 %  (v/v) 
methanol,  1 0 %  (v/v) acet ic  acid and  0 . 4 %  Coomassie Bri l l iant  B l u e  R-250. Then,  the  g e l s  were  
destained in 4 5 %  methanol  and  1 0 %  acetic acid t o  v i sua l ize  t h e  proteins,  washed in w a t e r ,  
s a t u r a t e d  wi th  1 mol/l sodium sa l icy la te  and dr ied.  Autorad iography  w a s  performed f o r  about  
one w e e k  a t  — 70  °C, u s i n g  X - r a y  film Med ix -Rap id  ( F o m a ,  H r a d e c  Krá lové,  Č.S.S.R.). 

Determination of Mr. T h e  re la t ive  molecular w e i g h t s  (M r) of  the  polypept ides  were  calculated 
b y  u s i n g  m a r k e r s  obta ined f rom S i g m a  (MW-SDS-200). Distancies of protein b a n d s  f i r m  t h e  
s t a r t  were  measured on s ta ined  and dried gels,  and  distancies  of radioact ive  protein b a n d s  on 
t h e  a u t o  radiograms.  

Negative staining and electron microscopy. Pellet of K V  mater ia l  obtained before  purification 
b y  CsCl d e n s i t y  g r a d i e n t  w a s  resuspended in P B S  and a l iquots  were  negat ive  s ta ined w i t h  2 %  
phosphotungst ic  acid (PTA) p H  7.0. T h e  samples  were  examined in Phi l ips  EM 300 electron 
microscope a t  8 0  k V .  P r i m a r y  magnif ication w a s  33  0 0 0  x . 

Results 

T h e  g r o w t h  c u r v e  o f  K V  in p r i m a r y  CEC  cu l tures  w a s  assayed  0 — 30 h r  
p. i .  a t  MOI o f  0.01 P F U  p e r  cell (Fig. I). T h e  p e a k  v i r u s  t i t re  w a s  r e a c h e d  
b y  IH Ji r p. i .  
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Fig.  1 
Multiplication of K V in CEC cultures 

Suspensions of disrupted cells were  pre­
p a r e d  a t  t h e  indica ted  t i m e  a n d  assayed  
b y  p l a q u e  t i t r a t i o n .  
Abscissa: t i m e  (hr); o r d i n a t e :  v i r u s  t i t r e  
(log P F U  ml) .  
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Fifteen virus-induced polypeptides  in  CEC were  detected a l ready  a t  2 t o  
3 h r  p.i. (Fig. 2). M r  of t h e  polypeptides  were  140 kD,  98 kD,  89 k D ,  72 k D ,  
65 k D ,  62 k D ,  57 k D ,  54, k D ,  50 k D ,  47  k D ,  43 kD,  41 k D ,  39 k D  31 k D  
a n d  30 k D .  The  57 k D  polypept ide  w a s  t h e  m o s t  eff iciently labelled one. 
A decrease of intensities of  virus-induced polypept ide  b a n d s  w a s  observed  
between 4 a n d  7 h r  p.i. I n  t h e  lane 2/7 (Fig. 2) t h e  polypeptides  labelled 
dur ing  t h e  whole  6 h r  period of  v i r u s  multiplication are  presented;  t h e  
polypeptides  exhibi ted  t h e  s a m e  M r  a s  those f o u n d  b y  t h e  lhr-pulse a t  
ear ly  phases  of  v i r u s  replication, b u t  polypeptides  72 k D  a n d  31 k D  were  
n o t  detected.  T h e  m o s t  labelled cellular polypeptide  w a s  t h a t  w i t h  M r  of 4 5  k D .  

I n  t h e  part ia l ly  purif ied v i r u s  9 polypeptides  of M r  140 k D ,  98 k D ,  65 k D ,  
62 k D ,  57 k D ,  54 k D ,  50 kD,  47  k D ,  a n d  41  k D  were  f o u n d  (Fig. 3), which 
corresponded t o  those which h a d  been induced b y  t h e  v i r u s  in  CEC cultures.  
A considerable a m o u n t  of  cellular proteins, predominant ly  of  M r  of 205 k D ,  
4 5  k D ,  a n d  37 k D  w a s  also detected.  

W h e n  examined b y  electron microscopy, K V  particles h a d  poorly defined 
surface s t ructure  (Fig. 4) w i t h  a diameter  of  7 0 — 7 5  n m .  

Discussion 

One-step g r o w t h  curve  of K V ,  us ing  CEC a n d  a multiplicity of infection 
of 1 — 10 P F U  p e r  cell reached t h e  p lateau of infectious t i t res  a t  a b o u t  8 h r  
p.i. (Mayer et al., 1964). W e  used  this  figure w i t h o u t  f u r t h e r  examinat ion 
in our experiments  analys ing t h e  KV-induced polypeptides  in CEC a f t e r  
infection a t  multiplicity of  a b o u t  100. Virus-specific proteosynthesis  w a s  
detected a l ready wi thin  2 h r  p.i.; t h e  decrease of i t s  intensi ty  occurring f r o m  
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4 t o  7 h r .  p.i.  seemed in correlation w i t h  t h e  durat ion  of  replication cycle 
o f  K V in CEC. 

T h e  M r  of  15 virus-induced polypept ides  r a n g e d  f rom 140 k D  t o  30 k D .  
Polypept ide(s)  o f  M r  smal ler  than 2 8  k I), e.g.  t h e  polypept ide  of  M r  a b o u t  
14 k I) which  m i g h t  b e  coded f o r  b y  t h e  smal les t  d s R N A  s e g m e n t  of  K V  
could n o t  b e  detected  under  conditions of  P A G E  used in our  exper iments .  

C 2 3 4 5 6 7 2/7 
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— 140K 

— — 9 8 K  
— 89K 

— 7 2 K  
_ _ 6 5 K  

— 62K 
- = 5 4 K  5 7 K  
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( 4 5 K  — ~ 3 9 K  ̂ 1 K  

— 31K 
3 0 K  

c-

Fl«. 2 
Autorad iogram of <i 10% polyr.ciylamide gel electrophoresis showing viius-inducod polypept ides  
Labelled wit 11 3f)»S-methi( nine (0.925 MBq/ml)  fo r  different  intervals .  Lanes:  C, mock-infected 
cells labelled I 2 lir p . i . ;  2. U, 4, 5, 0, 7, infected cells labelled frc m 1-2, 2-U, .'J-4, 4-5, 5-(>, 0-7 h r  
p. i . ,  respect ively;  2/7, inf'<ele<| celín l ibe l led  f rem 1 to  7 lir p.i.  



KEMEROVO VIRUS POLYPEPTIDES 117 

B 

2 0 5 K  r — •  m m  — 2 0 5 K  
(myosin) 

140K — f * 
— 116K 

9 8 K —  » ' - 4  « m *  — 9 7.4 K 

4 5 K —  
(actin) 

3 7 K —  

6 5 K  — 
6 2 K  — 
5 7 K  — 
5 4  K —  
5 0 K _  
4 7 K  — 

41K — 

*-

mmm 

— 6 6 K  

- 4 5 K  

Fiji-
Electrophoresis of part ial ly  purified K V  
in 1 0 %  polyacrylamide gel. Lanes:  A ,  
part ial ly  purified K V ;  B ,  M r  markers.  
Detection: Coomassie Brilliant Blue 
R-250. — 

T o  e x p l a i n  t h e  s y n t h e s i s  o f  m o r e  t h a n  t e n  ( thir teen)  p o l y p e p t i d e s  i n d u c e d  
b y  Mill Door/79 o r  F T  3 6 3  v i r u s e s  (other  v i r u s e s  o f  t h e  K e m e r o v o  s e r o g r o u p )  
i n  i n f e c t e d  cells, t h e  p o s t t r a n s l a t i o n a l  modi f ica t ion  o f  p o l y p e p t i d e s ,  p r e ­
m a t u r e  t e r m i n a t i o n  o f  t r a n s l a t i o n  a n d  t h e  p r e s e n c e  o f  m o r e  t h a n  o n e  o p e n  
r e a d i n g  f r a m e  i n  v i r a l  m R N A s  w e r e  s u g g e s t e d  ( S p e n c e  et al., 1985 ;  E l e y  
et al., 1986).  Mill  D o o r / 7 9  v i r u s  i n d u c e d  t h r e e  p o l y p e p t i d e s  o f  M r  l o w e r  
t h a n  3 0  k D  (27 k D ,  2 2  k D ,  a n d  2 0  k D ) ,  a n d  t h e  F T  3 6 3  v i r u s  t w o  p o l y p e p ­
t i d e s  o f  t h a t  s ize (23  k D  a n d  2 2  k D ) .  

The purification procedure of K V  yielded only a partially purified virus. 
Nine virus-specific polypeptides were identified according t o  their M r ;  these 
polypeptides were easily distinguishable f rom the  others and seemed t o  re­
present a majori ty of those found in partially purified virus. Cellular pro­
teins of M r  205 kD,  45 k D  (probably myosin and actin) and  37 k D  seem t o  
be substantial contaminants of K V  af ter  t he  purification procedure. 

Viral particles with diameters of 70—75 nm with poorly defined surface 
structure were found in K V  material not purified b y  CsCl density gradient. 
Presence of a diffuse or structureless outer capsicl layer was reported to be 
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Flfl. 
Electron micrograph of K V  particle.' 
negat ive ly  stained wi th  2 %  phospho 
tungHtic acid, magn.  X 198 000. 

a genera l  f e a t u r e  o f  t h e  O r b i v i r u s  g e n u s  (Verwoerd  et al., 1979). I n  t h i s  
respect,  o u r  f indings  seem t o  b e  comparable  w i t h  vir ion morphology  o f  o t h e r  
orb iv i ruses .  
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