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Summary 

The structural polypeptides of two strains of canine distemper virus and the 
Lee strain of measles virus were analysed by SDS-polyaerylamide-slab-gel electro- 
phoresis. One strain of canine distemper virus derived from a live vaccine (Convac, 
Dumex), contained six major structural polypeptides with mol.wt, of 85, 78, 59, 
43, 41 and 34 × 10 a. The 85K polypeptide was glycosylated. I t  was interpreted to 
be equivalent to the 79K glyeoprotein of the measles hemagglutinin. 

The second strain, a rapidly growing variant of the Onderstepoort strain of 
canine distemper virus characterized by extensive syneytium forming cytopathie 
effects in tissue culture, contained the 59, 43, 41 and 34K polypeptides, but the 
85 and 78K polypeptides were not present in detectable amounts. The 43K 
polypeptide was identified as cellular actin by limited proteolysis. By use 
of monospecific rabbit hyperimmune sera against each of the major structural 
polypeptides of measles virus, the 59, 41 and 34K structural polypeptides could 
be identified as nucleocapsid protein (NP), fusion (F) polypeptide, and the 
membrane (M) polypeptide, respectively. In neutralization tests with rabbit 
hyperimmune sera against each of the two strains, this Onderstepoort strain, 
which contained reduced amounts of the hemagglutinin glycoprotein, gave higher 
neutralization titers than the vaccine strain. 

Introduction 

Measles, canine distemper and rinderpest virus belong to the Morbillivirus 
genus of the paramyxovirus family (10). During recent years much information has 
been gathered about, the eleetrophoretie gel pat tern of measles virus proteins (3, 
6, 9, 17, 28, 29, 31, 32, 33). Measles virus has been shown to contain seven major 
structural polypeptides, the large (L), hemagglutinin (HA), potymerase (P), 
nueleocapsid (NP), aetin, fusion (F) and membrane (M) polypeptides. The F 
component includes two polypeptide chains, Fj. and F2, which are linked by 
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disulfide bridges, and only the F2 potypeptide chain is glycosylated. In  this respect 
measles virus differs from other studied members of the paramyxovirus  family, 
in which both F1 and F2 are glyeosylated (26). 

Different strains of measles virus h~ve been shown to be remarkably similar 
in the molecular weights of their polypeptides. The difference reported has 
concerned small variations in the size of the nucleocapsid, polymerase and mem- 
brane polypeptides in different strains of measles virus (7, 17, 24, 34, 35). 

In  contrast to measles virus, only- few studies have appeared in the literature 
concerning the structural polypeptides of the serologicMly related canine distemper 
virus (CDV). WATEnS and BUSSELL (32) and BUSS~LL et al. (3) reported tha t  the 
major structurM polypeptides found in CDV are similar to those in measles virus. 
They studied the Onderstepoort strMn of CDV. Recently HALL et al. (8) confirmed 
and extended these findings on the Onderstepoort strain of CDV. They found the 
following structural polypeptides with their molecular weights given in parenthesis; 

L, a large polypeptide (MW ~-~200,000); tI ,  a glyeoprotein (76,000); P, a 
phosphorylated protein (66,000) ; NP, the nueleocapsid polypeptide (58,000) ; F, a 
glyeoprotein consisting of the disulfide-linked polypeptides F1 (40,000) and F2 
(23,000); and IV[, the membrane protein (34,000). In  contrast to measles virus 
the F1 polypeptide of CDV was reported to be glyeosylated. 

The aim of the present investigation was to s tudy the characteristics of the 
structm'al polypeptides of CDV strains and to determine their possible function 
and localization in the virion. With the aid of monospecifie sera against each of the 
well-known, major structural polypeptides of the serologicMly related measles 
virus, a t tempts  were made to identify the major  structural polypeptides of CDV. 

Materials and Methods 

Wgr?t~se8 

Three strains of CDV were used. One strain was derived from the commercially 
available live Convae vaccine (Dumex). I t  will be referred to as the "Convae" strain 
of CDV. The second strain of CDV was a rapidly growing variant of the Onderstepoort 
strain, kindly provided by Dr. hi. Appel, Cornell University, IthaCa, New York (i5). 
In some experiments the distemper virus strain t¢ockborn (25) was used. All strains 
of distemper virus as well as the Lec strain of measles virus were propagated in Vero 
cells maintained in Eagle's minimal essential medium (MEM) containing 2 per cent 
fetal calf serum. 

Preparation o/ Puri/ied Virions 
Vero cells were grown on 25 cm~ plastic bottles. \¥hen the cell monolayer was 

confluent, the cells were infected with CDV or the Lee strain of measles virus (2) at 
a MOI of _<0.01 TCID~0/eell. At the time when cytopathie effect started ~o appear, 
the cultures were washed twice with MEM with 2 per cent fetal calf serum and methion- 
ine reduced from 16 mg/l to 4 mg/l. The cultures were maintained in this medium 
for 4 hours, after which the medium was changed to 5 ml of the same medium contain- 
ing 5 ~Ci/ml of [asS]-methionine (Radioehemieal Centre, Amersham, England). Three 
days later extracellular material was harvested and clarified four times at 1400 X g 
for 5 minutes. The labelled virus material was then layered on a discontinuous sucrose 
gradient composed of 1 ml 65 per cent sucrose (w/w) and 6 ml 30 per cent sucrose 
layers in 0.01 ~-phosphate buffer, p]-I 7.2, and centrifuged at 30,000 rpm for 45 min- 
utes in an S~¥40 rotor. Labelled virions banding at the interphase between sucrose 
layers were collected and analysed by SDS-polyaerylamide-slab-gel eleetrophoresis. 
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The  pu r i f i ca t ion  p rocedure  of ex t r aee l lu l a r  un l abe l l ed  v i r ions  fol lowed t h a t  descr ibed  
for m u m p s  v i rus  (23). 

SDS-Polyacrylamide-Slab-Gel Electrophoresis 
The  t e c h n i q u e  e m p l o y e d  essen t ia l ly  fol lowed t h a t  desc r ibed  b y  LA~n~MLI (11). 

E lec t rophores i s  was  p e r f o r m e d  in  15 or 10 pe r  cen t  p o l y ac ry l ami d e  gels (0.18 p e r  cen t  
N N ' - m e t h y l e n e b i s a c r y l a m i d e ) .  T h e  p ro t e in s  were s t a i n e d  w i th  Coomassie  b r i l l i an t  blue.  
The  deta i l s  of t h e  p rocedu re  for  p o l y a e r y t a m i d e  gel e lec t rophores i s  a n d  sc in t i l l a t ion  
a u t o f l u o r o g r a p h y  h a v e  b e e n  descr ibed  p rev ious ly  (23). The  molecu la r  we igh ts  of t h e  
m a j o r  s t r u c t u r a l  po lypep t i de s  of meas les  a n d  CD V  were  d e t e r m i n e d  in  15 a n d  10 pe r  
c en t  po lyae ry l amide  gels b y  compar i son  w i t h  a d e n o v i r u s  t y p e  2 po lypep t ides  (1) a n d  
reference  s t a n d a r d  p ro t e ins  p u r c h a s e d  f rom Bio-t~ad,  CMifornia.  T h e  molecu la r  we igh t  
s t a n d a r d  p ro t e ins  were ;  p h o s p h o r y l a s e  B (94K),  b o v i n e  s e r u m  a l b u m i n  (68K),  
o v a l b u m i n  (43 K),  ca rbon ic  a n h y d r a s e  (30 K) ,  s o y b e a n  t r y p s i n  i n h i b i t o r  (21 K)  a n d  
l y s o z y m e  (14K) .  

Preparation o/Isolated Polypeptides Used ]or Immunization 
The  m a j o r  s t r u c t u r a l  po lypep t ides  of meas les  a n d  CD V  were p r e p a r e d  in  t h e  

fol lowing w a y :  pur i f i ed  v i r ions  were  d isso lved  in  1 p e r  cen t  SDS, 2 per  c en t  ~ -mercap to-  
e t h a n o l  a n d  10 pe r  cen t  glycerol  a n d  h e a t e d  to 70 ° C for 10 minu te s .  One m l  of ma tm~a l  
c o n t a i n i n g  one  to  two m g  of v i ra l  p r o t e i n  was f r a c t i o n a t e d  on  a 15 p e r  cen t  poly-  
a c r y l a m i d e  s lab  gel w i th  on ly  one slot.  Af t e r  t h e  run ,  ~he gel was  s t a i n ed  a n d  d e s t a i n e d  
for  30 m i n u t e s  each,  r insed  in  w a t e r  a n d  t r a n s f e r r e d  to  a w a t e r  b a t h .  T h e  i n d i v i d u a l  
b a n d s  co r r e spond ing  to  t h e  m a j o r  s t r u c t u r a l  po l y p ep t i d e s  of meas les  a n d  CD V  were  
cu t  ou t  w i t h  a razor  b lade  a n d  each  b a n d  was r e - b a n d e d  on  a new gel. Af te r  t h e  second 
r u n  t h e  p rocedu re  of s t a i n i n g  a n d  d e s t a i n i n g  was r epea ted ,  a n d  b a n d s  were  cu t  o u t  
a n d  f r a g m e n t e d .  T h e r e a f t e r  t h e  gel pieces were  enetosed  w i t h  2 or 3 m l  of e lec t ro ly te  
buf fe r  used  for e lee t rophores i s  (0.025 M Tris,  0.192 3i glyeine,  0.1 pe r  cen t  SDS) in  a 
d ia lys is  bag  which  was  p laced  in  a 500 m l  b a t h  of e lec t ro ly te  buf fe r  a n d  t h e  poly-  
pep t ides  were e l ec t rophoresed  ou t  of t h e  gel pieces a t  50 V ove rn igh t ,  d ia lysed  for  
t h r e e  d a y s  a g a i n s t  d is t i l led  wate r ,  wh ich  was c h a n g e d  e v e r y  day ,  a n d  was  f ina l ly  
d ia lysed  aga ins t  0.9 pe r  cen t  NaC1. Before  be ing  used  for  i m m u n i z a t i o n  i t  was con t ro l l ed  
t h a t  no  free SDS was p r e sen t  b y  add i t i on  of r ed  b lood  cells to  a sma l l  p o r t i o n  of t h e  
ma te r iM.  No h e m o l y t i c  a c t i v i t y  was obse rved  in  t h e  m a t e r i a l s  used  for  i m m u n i z a t i o n  

Immune Precipitation 
[358]-methionine labe l led  pur i f ied  v i r ions  were  used  as a n t i g e n  in  i m m u n e  prec ip i ta -  

t i on  expe r imen t s .  The  v i r ions  were  l abe l l ed  a n d  pur i f i ed  as descr ibed  above ,  t h e  on ly  
e x c e p t i o n  be ing  t h a t  t h e  in fec ted  cu l tu res  were  labe l led  w i t h  20 ~Ci pe r  m l  of [3~S]- 
me th ion ine .  Af te r  pu r i f i ca t ion  t he  v i r ions  were  m i x e d  w i t h  SDS a t  a f ina l  concen t ra -  
t i on  v a r y i n g  f rom 0.5 to  I pe r  c e n t  a n d  were  boi led  for  2 minu t e s .  T h e  m a t e r i a l  in  t h e  
f ina l  a n t i g e n - a n t i b o d y  m i x t u r e  was  a d j u s t e d  to  a c o n c e n t r a t i o n  of 0.1 per  c en t  SDS, 
1 pe r  cen t  s o d i u m  d e o x y e h o l a t e  (DEC),  1 pe r  c en t  T r i t o n  X-100  in  0.15 ~ NaC1, 0.01 
Tris-HC1, p H  7.4. One to  two h u n d r e d  t h o u s a n d  coun t s  pe r  m i n u t e  of [ssS]-methionine  
l abe l led  pur i f ied  v i r ions  were m i x e d  a t  0 ° C w i t h  r a b b i t  h y p e r i m m u n e  sera  wh ich  h a d  
been  ex tens ive ly  a b s o r b e d  w i t h  u n i n f e c t e d  Vero cells. T h e  v o l u m e  of t h e  r eac t ion  
m i x t u r e  was 0.5 ml .  I n  m o s t  e x p e r i m e n t s  t h e  f ina l  a n t i b o d y  d i lu t ion  was  1 : 125. Af te r  
2 h o u r s  a t  0 ° C, i m m u n e  complexes  were p r e c i p i t a t e d  b y  a d d i t i o n  of 50 ~1 of a t : 1 
s lu r ry  of Staphylococcus aureus p ro t e in  A b o u n d  to  Sepharose  C L - 4 B  s u s p e n d e d  in  
0.15 ~ NaC1, 0.01 ~ Tris-ItC1, pI-I 7.4, a t  0 ° C for 1 hour ,  w i t h  f r e q u e n t  v o r t e x i n g  of 
t h e  beads .  [['he Sepharose  beads  were  pe l le ted  in  a n  E p p e n d o r f  mic rofuge  (10,000 r p m  
for  two minu t e s )  a n d  w a s h e d  four  t imes  w i t h  f resh buf fe r  as desc r ibed  above .  A f i f th  
wash  in  1 m l  of 0.01 5~ p h o s p h a t e  buffer ,  p i t  7.2 was p e r f o r m e d  in  o rder  to  r e m o v e  t h e  
de t e rgen t s .  The  beads  were dr ied  a n d  d isso lved  in  120 ~zl of 1 pe r  cen t  SDS, 2 pe r  cen t  
~ - m e r c a p t o e t h a n o l  a n d  10 pe r  cen t  glycerol .  Af t e r  2 m i n u t e s  of bo i l ing  t h e  samples  
were  c o u n t e d  a n d  s u b j e c t e d  to  e lee t rophores is .  
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Peptide 2Viapping by Limited Proteolysis in SDS and Analysis by Gel-Electrophoresis 
The technique used was essentially similar to that  described by  CLEVELAND et al. 

(5). The acrylamide concentration and aerylamide to bisaerylamide ratio in the analysis 
gel was the same as tha t  used by  LAmB and C~oPPIx (13). Excised gel bands of purified 
viral  potypeptides at  an est imated protein concentration from 2 to 20 ~g were degraded 
by proteolytic enzymes. The enzyme concentrations used were Staphylococcus aurcus 
V8 protease, 1 ~g in 20 ~xl of buffer (5), and papain 0.02 ~xg in 20 ~xl. After eleetrophoresis 
the gels were stained and destained. 

Sera 
~abb i t s  were immunized with isolated polypeptides by repeated intramuscular  

injections into the hind legs every four weeks with a 2 to 4 ml mixture consisting of 
equal volumes of antigen and Freund 's  complete adjuvant .  Serum samples from the 
rabbits  were taken t0 days after each booster. The method for preparat ion of rabbi t  
hyperimmune sera against untreated purified virions followed tha t  described in an 
earlier publication (19). 

Serological Test 
Complement fixation (CF) tests were performed as described in an earlier publica- 

t ion (18). The techniques used in neutralization (NT) and neutrMization-enhancement 
(NE) tests in the absence (NT) and presence of anti-y-globulin (NE) were performed 
as described previously (21). Final  readings of the tubes were taken after two weeks 
with the Convac vaccine strain of CDV and after one week with the  Onderstepoort  
strain. Mixed hemadsorption (MH) was used to measure antibodies against envelope 
components (20, 22). Monolayer cultures of Veto cells in milk bottles were infected 
with the Convae strain of CDV at  a. MOI of 0.01 TCID.50/eell. When cytopathic effect 
s tar ted to appear  the bottles were used in experiments. 

Results 

The Polypeptide Pattern o /Two Strains o/ CD V and the Lec Strain o/Measles Virus 

Six majo r  s t ruc tu ra l  po lypep t ides  were de tec ted  in the  Convac vaccine s t rMn 
of CDV. The molecular  weights  of these po lypep t ides  were 85K,  78K,  59K,  43K,  
4 t  K and  3 4 K  (Fig. i ) .  These po lypep t ides  corresponded in locat ion in the  vir ion 
a n d  func t ion  (see below) to  the  79K,  72K,  60K,  43K,  4 0 K  and  3 6 K  po lypep t ides  
of measles v i rus  (29, Fig.  1). The amoun t  of the  43 K po lypep t ide  va r ied  in different  
p repa ra t ions  of purif ied virions.  

I n  some p repa ra t ions  add i t iona l  CDV po lypep t ide  band(s)  were found loca ted  
be tween  the 4 1 K  and  3 4 K  po lypep t ides  (Figs. 2, 3, 5, 6). These bands  occurred  
i r regular ly .  The origin of these po lypep t ides  could not  be defined. The po lypep t ide  
composi t ion  of the  Onders tepoor t  s t ra in  of CDV differed from the  vaccine s t ra in  
(Fig. t ) .  The  59 K,  43 K,  41 K and  34 K po typep t ides  ident i f ied  in the  vaccine s t ra in  
were present  also in this  s t rain,  bu t  p r o m i n e n t  bands  larger  t h a n  the  5 9 K  poly-  
pep t ide  were never  observed in the  gels. 

The  s t ruc tu ra l  po lypep t ides  of the  Convae vaccine s t r a in  were also ana lysed  
af ter  immune  prec ip i ta t ion  wi th  ex tens ive ly  Vero cell absorbed  r a b b i t  hyper -  
immune  sera d i rec ted  agains t  this  s t ra in  (Fig. 2). The 85K,  78K,  59t ( ,  4 1 K  and 
3 4 K  polypept ides ,  bu t  not  the  43 K or minor  bands  were p rec ip i ta ted .  This  aff irm- 
ed the  ident i f ica t ion  of the  former  bands  as virus- specific. The 59 and  34 K poly-  
pep t ides  were ident i f ied  as N P  and  M, respect ively ,  b y  immune  p rec ip i t a t ion  of 
CDV wi th  monospecifie r abb i t  hype r immune  sera d i rec ted  aga ins t  the  correspond- 
ing measles po lypep t ides  (da ta  no t  shown). 
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Characterization o/Antisera Directed Against Major Structural Po~ypeptides o[ CD V 

R a b b i t s  were immunized  with  four of the  m a j o r  s t ruc tu ra l  po lypep t ides  of 
CDV, the  85K,  59K,  41 K and  3 4 K  polypept ides ,  i so la ted  as descr ibed in Mater ia ls  
a n d  Methods.  Each  an t i s e rum reac ted  only  wi th  i ts  corresponding an t igen  in 
i m m u n e  p rec ip i t a t ion  (Fig.  3). The  a n t i b o d y  t i t e r s  of these  sera  were de t e rmined  
in  different  serologieM tes ts  (Table 1). Al l  sera reac ted  in complement  f ixa t ion  

Fig. 1. SDS-polyacrylamide-slab-gel electrophoresis of [35S]-methionine labelled purified 
measles and CDV virions in a 15 per cent polyaerytamide gel. The following virus 
materials  were ineluded: the rapidly growing var iant  of the Onderstepoort strain of 
CDV obtained from Dr. ~{. Appet (a), the Convac vaeeine strain of CDV (b) and the 
Lee strain of measles virus (c). The molecular weights of the major  s tructural  

polypeptides of the three virus strains are indicated by  their  K values 

Fig.  2. Immune  precipi tat ion of [3aS]-methionine labelled purified virions of the  
Convae strain of CDV with a rabbi t  hyper immune serum directed against purified 
homologous virions analysed in a 15 per cent polyaerylamide gel: [8~S]-methionine 

labelled CDV virions (right) and precipi tated polypeptides (left) 
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Table  1. Determination of different antibody activities in four rabbit hyperimmune sera 
obtained by immunization with di//erent preparations o/purified CD V polypeptides 

R a b b i t  hype r immune  serum against  

An t ibody  t i ters  in serological tests 

CF M H  ~ N T  

8 5 K  polypept ide  160 16 5 
5 9 K  polypept ide  320 0 ~ 5 

41 K polypept ide  160 16 <: 5 

3 4 K  polypept ide  20 0 ~ 5 

The sera were di lu ted 1 : 5 and the  zones were measured  in m m  

Fig. 3. I m m u n e  precip i ta t ion  of [~bS]-methionine labelled purif ied virions of the  Convac 
s t ra in  of CDV wi th  rabbi t  hype r immune  sera directed against  ma jo r  viral  s t ruc tura l  
polypept ides  isolated f rom SDS-polyacry lamide  gels. The following mater ia ls  were 
inc luded:  purif ied CDV vir ions (a, ]), purif ied vir ions prec ip i ta ted  wi th  ant i serum 
directed against  the  85K polypept ide  (b), 4 1 K  polypept ide  (c), 5 9 K  polypept ide  (d) 

and  3 4 K  polypept ide  (e) 
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tests. The antisera directed against the 85K and 41K polypeptides, but  not the 
antisera directed against the 59K and 34K polypeptides, contained antibodies 
reacting with the surface of CDV infected Vero cells in the MH tests. This indicates 
tha t  the former polypeptides build up envelope components of CDV. Of the four 
sera only the antiserum directed against the 85K polypeptide contained a low 
titer of NT antibodies. 

Fig. 4. Scintillation autofluorogram of [8tt]-glucosamine labelled purified virions of the 
Convac strain of CDV (left) and [ssS]-me~hionine labelled purified virions (right) 

Identification o/Two Envelope Peplomer8 in CD V 

Cultures infected with CDV were labelled with [aHJ-glucosamine as described 
by TYRRELL und NO~RBY (29) and the virions were subsequently purified in the 
same manner as [35S]-methionine labelled virions. The 85K polypeptide was 
glycosylated in the Convac vaccine strain of CDV (Fig. 4). This polypeptide there- 
fore appears equivalent to the 79K hemagglutinin po]ypeptide in measles virus 
(29). The Onderstepoort strain of CDV was also labelled with [~H]-glucosamine. 
Identification of a glycosylated structure in this strain was unsuccessful. This 
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might be due to low efficiency of labelling and/or relative paucity of a correspond- 
ing structure in this strain. 

A second nonglycosylated envelope peplomer was identified in CDV. A rabbit 
hyperimnmne serum directed against the 40K F1 polypeptide of measles virus 
(0RVELL and NORRB¥, in press) precipitated the 41 K polypeptide of CDV (Fig. 5). 

A small glyeoprotein (SOP) could not be identified in [35S]-methionine labelled 
extracellular CDV virions. However, immune precipitation of [35S]-methionine 
and [SH]-glucosamine labelled intracellular viral material (0RV~L~ and NORRBY, 
J. gen. Virol., in press) of the two CDV strains with a rabbit hyperimmune serum 
directed against whole virions detected a small glycoprotein (Fig. 6). The apparent 

Fig. 5. Immune precipitation of the Convae strain of CDV with an antisertun directed 
against the F1 polypeptide of measles virus. The 41K polypeptide (left) of [35S]- 

methionine labelled purified CDV (right) was precipitated 

Fig. 6. Immune precipitation of [~sS]-methionine (c) and [~H]-glueosamine (a) labelled 
intraeellular Convae canine distemper viral antigen with a rabbit hyperimmune serum 
directed against, purified homologous virions. A small glyeoprotein (SGP) which could 
not be identified in [asS]-methionine purified extraeellular virions (b), was dete3ted 
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molecular weight of the precipitated polypeptide in 15 per cent gels was 23K. 
This polypeptide was not precipitated when [35S]-methionine and [aH]-glucosamine 
labelled uninfected cell lysates were used as antigen in immune precipitation. 
The polypeptide is therefore equivalent to the F2 glycoprotein described in other 
paramyxoviruses.  In  some experiments this polypeptide was also found in 
[SH]-glueosamine labelled purified virions. 

Cross-Neutralization Test8 

As described above the relative amounts of the H polypeptide differed in the 
two strains. In  the rapidly growing variant  of the Onderstepoort strain the F poly- 
peptide was the dominating peplomer in the envelope. However, a HA potypeptide 
must  be present also in this strain in order to allow the virus to adsorb to and 
infect cells. The cytopathic effects of the two strains of CDV were different. The 
rapidly growing Onderstepoort strain produced large syncytia in tissue cultures, 
whereas the vaccine strain produced mainly round cells and only small syncytia. 
This may  indicate tha t  the major route of spread in tissue culture were different. 
The Onderstepoort strain of CDV m a y  spread predominantly by fusion of cells 
in tissue culture. The two strains of CDV were used in neutralization tests with 
rabbit  hyperimmune sera directed against different strains of CDV (Table 2). 
The rapidly growing Onderstepoort strain gave significantly higher neutralization 
(NT) antibody tilers than  the vaccine strain in rabbi t  hyperimmune sera directed 
against distemper virus. 

Table 2. Cross-neutralization with rabbit hyperimraune sera directed against di/]erent 
strains o/purl]led whole distemper virus 

Antigen 

CDV, CDV, 
Onderstepoort Convae 

strain strain 

Rabbit hyperimmune serum against NT NE NT NE 

CDV, Onderstvpoort strain, 1 a 
CDV, Onderstepoort strain, 2 

CDV, Convae strain, 1 
CDV, Convae strain, 2 

CDV, t~oekborn strain, 1 
CDV, l~oekborn strain, 2 

2,560 5,120 320 640 
1,280 2,560 160 640 

10,240 20,480 2,560 5,120 
10,240 20,480 2,560 5,120 

5,120 t0,240 1,280 2,560 
5,120 10,240 640 2,560 

1 and 2 represent different rabbit hyperimmune sera 

Demonstration o] a 43K Actin Molecule in Purl/led Preparations o / C D V  

The relative amounts of the 43K polypeptide varied in different preparations 
of purified virions. I t  was not precipitated by a rabbit  hyperimmune serum against 
purified distemper virus (Fig. 2). The 43K polypeptide comigrated with cellular 
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actin and was the only major CDV polypeptide that  was heavily labelled when 
the virus was grown in Veto celts prelabelled with [35S]-methionine. Similar 
results were obtained in a previous study on measles virus (29). In  order to in- 
vestigate further if the 43 K polypeptide in CDV and measles is cellular aetin, the 
43K polypeptide from uninfected Veto cells was cut out from the gels and was 
compared with purified rabbi t  cell actin (27), kindly wovided by Dr. I{igmor 
Torstensson, National Bacteriological Laboratory.  The eleavage patterns of 
purified rabbit  cell aetin and the 43 K Veto cell polypeptide, obtained by  limited 
proteolysis with Staphylococcus aureus V8 protease and papain were almost 
identical (data not shown). Thereafter the cleavage pat tern  of the 43K aetin 
polypeptide from uninfected Veto eetts, and the 43K polypeptide of purified 
measles and CDV were compared. As can be seen from Fig. 7 the cleavage pat tern  
obtained with the three polypeptides was identical. 

Fig. 7. Peptide mapping by limited proteolysis in SDS and analysis by gel eleetro- 
phoresis of the 43K polypeptide. The 43K polypeptide of uninfected Veto cells (a), 
measles (b), and CDV (c) was degraded with 1.0 ~xg of Staphylococcus aureus V8 
pro~ease in 20 ~xl of buffer (Fig. 7a) and 0.02 ~g of papain in 20 ~1 (Fig. 7b). Theupper- 

most band observed in Fig. 7 a originated from a polypeptide of the enzyme 

Diseussion 

In  the present investigation six major structural polypeptides were demon- 
strated in CDV. These polypeptides corresponded to previously identified poly- 
peptides in measles virus ({)~VELL and NOR RBY, in press). A large polypeptide with 
a molecular weight of 200,000 daltons has been identified in measles virus (6, 28, 
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33) and also in other paramyxoviruses. The L po]ypeptide occurs only in low 
concentrations in the virus particle. Recently HALL et al. (8) demonstrated that  
a L polypeptide exists also in CDV. In this study the L polypeptide was not 
identified. 

Paramyxoviruses contain two envelope pepIomers. The larger is associated 
with hemagglutinating and neuraminidase activity in members of the paramyxo- 
virus genus of paramyxoviruses. In members of the morbillivirus genus neur- 
aminidase activity does not occur. Hemagglutinating activity has only been 
demonstrated in the case of measles virus. The 79K polypeptide in measles virus 
is responsible for adsorption to cells and hemagglutinating activity. The corre- 
sponding gtyeosy]ated polypeptide in the Convac strain of CDV is the 85K poly- 
peptide, although, no hemagglutinating activity has been demonstrated in CDV 
products. This polypeptide is considerably larger than in measles virus. The F1 
polypeptide of measles and the two strains of CDV studied here had a similar 
molecular weight and were not glycosylated. I-In~n et al. (8) recently reported that  
the F1 polypeptide of CDV is glycosylated. The different results obtained iu the 
two studies can not be explained at present. The F~ polypeptide of paramyxoviruses 
has been reported to contain a relatively low amount of methionine (26). This 
may explain the failure to detect this polypeptide in [35S]-methionine labelled 
preparations of purified virions. The molecular weight of the F2 polypeptide 
corresponded to tha t  reported by HALL et al. (8). 

Strain variation of the molecular weights of the measles virus polypeptides have 
been well documented in the case of the M polypeptide (7, 34, 35) and a small 
variation in the migration of the 1NP polypeptide has also been demonstrated (17). 
Of the different strains that  have been investigated (7), no M polypeptide has 
been shown to migrate faster than the M polypeptide of the Lec strain of measles 
virus. The two strains of CDV studied here had a significantly smaller M poly- 
peptide than the Lec strain of measles virus. Although the size of the hi polypeptide 
was identical in the two CDV strains presented in this investigation, the Roekborn 
strain of CDV has a significantly smaller M polypeptide (0RVnLL, unpublished 
data). The size of the P polypeptide has been reported to differ in measles virus 
strains (7, 24), but  no pronounced differences in the size of the t I  polypeptide of 
different strains of measles virus has been reported. In the case of CDV pronounced 
differences appear to exist in the size and relative concentration of the H poly- 
peptide. HALL et al. (8) found a molecular weight of 76,000 and 66,000, respectively, 
for the H and P polypeptides in the Onderstepoort strain of CDV. The molecular 
weight of the corresponding polypeptides of the Convac strain of CDV studied in 
the present investigation were 85,000 and 78,000, respectively. Although no direct 
comparison between the strain used by HALL et al. and the Convac strain of CDV, 
these pronounced differences in molecular weight determinations reflect a real 
difference in the migration of the two polypeptides as a comparison to the structural 
polypeptides of measles virus was made in both studies. The Onderstepoort strain 
of CDV presented in this investigation did not contain any major structural 
polypeptides larger than the 1NP po]ypeptide that  could be assigned to represent 
the H polypeptide. The possibility tha t  virions of the Onderstepoort strain were 
not intact virions but  rather incomplete particles lacking the H polypeptide was 
investigated. Ratios of infectivity to protein content were studied in different 
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purified virus preparations of the two CDV strains. No significant differences were 
recorded between the two strains. These results indicated that  intact virions of 
the Onderstepoort strain had been analysed. 

The rapidly growing variant  of the 0nderstepoort  strain of CDV was obtained 
by passage at  a dilution of 10 .4 in Veto cells (15). In  measles virus, two 
variants of the Edmonston strain have been established (4). The two variants 
of measles virus, designated as the DP (diluted passage) and UP (undiluted 
passage) were obtained by means of serial passage in I-IeLa cell cultures with 
diluted and undiluted inoeulum, respectively. The DP strain induces a rapidly 
evolving eytopathie effect (CPE) characterized by  large syneygia, which in short 
t ime leads to a complete destruction of the cultures. In  contrast, the UP strain 
induces a delayed and slowly developing CPE with only small s3nacytia. The poly- 
peptide composition of the rapidly growing variant  of the Onderstepoort strain of 
CDV appears to be unique among paramyxoviruses.  I t  must., in order to effectuate 
its functions in adsorption and replication, contain a polypeptide responsible for 
adsorption. This polypeptide appears to be present in such a small amount  on the 
envelope of extracellular virions tha t  it may  escape identification. 

The differences in relative concentration of the two envelope structures may  
be expected to result in a different biological behaviour of the two strains. Signifi- 
cantly higher NT antibody titers were recorded in rabbi t  hyperimmune sera 
directed against CDV when the rapidly growing Onderstepoort strain was used in 
NT tests. Lower amounts of antibodies were therefore required to neutralize the 
infectivity of this strain. Although alternative explanations may  be possible, 
this finding can be interpreted to reflect the polypeptide pattern,  in as much as 
this strain contains less of the H protein. I t  has been shown that  the fusion poly- 
peptide is responsible for penetration of virions into cells and cell to cell spread in 
tissue culture (16). The eytopathic effect of the rapidly growing strain was char- 
acterized by large syneytia, which would indicate tha t  this strain may  spread from 
cell to cell in the cultures. The mode of spread of the two strains in ceil culture, 
tha t  is, extracellularly, or from cell to cell, warrants further studies. 

The presence of aetin has been demonstrated in measles and Sendai virus (12, 
14, 17, 29). The best proof that  actin is incorporated into paramyxoviruses would 
come from peptide mapping and by  direct comparison of the polypeptide in 
virions and uninfected cells. By  the use of this technique actin has been identified 
in Sendai virus (14), and mumps virus (()~VELL, unpublished data). The finding 
of aetin also in measles and distemper virus makes it possible tha t  incorporation 
of cellular actin is a generalized phenomenon during maturat ion of paramyxo- 
viruses. Aetin is an internal polypeptide in mumps and measles virus (23, 29). 
I~eeent findings suggest, tha t  aetin filaments may  mediate the communication 
between viral nucleoeapsids and the cell membrane during maturat ion of para- 
myxoviruses (30). 
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