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Nummary. — T w e l v e  monoclonal  ant ibod ies  (MoAbs) d irected 
aga inst  t h e  nucleoprotein  (NP) o f  m u m p s  v i r u s  w e r e  a n a l y s e d  
f o r  the ir  b i n d i n g  characteristics. C o m p e t i t i v e  b i n d i n g  i n  e n z y m e -
l inked i m m u n o s o r b e n t  assay d i v i d e d  t h e m  into  e ight  groups.  T w o  o f  
t h e  M o A b s  recognized exc lus ive ly  (5(5 k D  p o l y p e p t i d e  o f  N P ,  t w o  
recognized (5(5 k D a n d  (50 k D ,  a n d  o n e  recognized 66 k D  (and 
60 k l )  t o  a lesser e x t e n t )  in W e s t e r n  b lot  assays  u n d e r  e i ther  
d e n a t u r i n g  o r  part ia l ly  d e n a t u r i n g  condit ions.  U n d e r  par t ia l l y  
d e n a t u r i n g  condit ion,  another  f i v e  M o A b s  reacted f a i n t l y  b u t  
t h e  r e m a i n i n g  t w o  d i d  n o t  react at all. U n d e r  d e n a t u r i n g  condi­
tion, on t h e  other hand, these seven MoAbs showed little reac­
t iv i ty  with a n y  polypeptide.  Furthermore, denaturation resulted 
in formation of  other polypeptides 55  k D ,  5 0  k D ,  and 4 3  k D  
which all were detected b y  MoAbs reacting with 66 k D  and/or 
60 k D .  Previously demonstrated antigenic cross-reactivity among 
the  N P s  o f  mumps  virus and those of  human parainfluenza vi­
ruses t y p e  2 and  t y p e  4 in radioimmunoprecipitation assay using 
polyclonal antisera was  confirmed b y  an a n t i - N P  MoAb which 
showed little reactivity in denaturing Western blot assay.  

Key words', mumps virus; nucleoprotein; monoclonal antibody 

Introduction 

The genus Paramyxovirus belongs t o  the family  Paramyxoviridae and  
consists o f  human parainfluenza viruses t y p e  1 ( P I V l ) ,  t y p e  2 (PIV2),  
t y p e  3 (PIV3),  type  4 (PIV4), mumps virus bovine parainfluenza virus 
t y p e  3 (bovine  I'IV3), Newcastle disease virus (NDV)  and Sendai virus 
(Kingsbury  et al., 1078). Simian virus 5 (SV5) have long been considered as  
an animal t y p e  o f  PIV2.  

Antigenic interrelationships among the paramyxoviruses have been ex­
tensively investigated (Cook ct al., 1959; Van der Veen and Sondercamp 
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1965; Goswami  a n d  Russel,  1982, 1983; J u l k u n e n ,  1984; R a y  a n d  Compans,  
1986). There  is  n o t  e n o u g h  in format ion,  h o w e v e r ,  a b o u t  t h e  relat ionships  
wi th  respect t o  each structural  protein.  Recent ly ,  I t o  et al. (19876) u s i n g  
the immunoprec ip i ta t ion  techn ique  h a v e  s h o w n  t h a t  t h e  N P  o f  m u m p s  
virus w a s  most  cross-reactive, especial ly w i t h  those o f  P I V 2  a n d  P I V 4  a n d  
that o f  SV5, a n d  thus,  possible  c o m m o n  epi topes  a m o n g  t h e  N P s  o f  these  
viruses were  assumed.  A p a n e l  o f  M o A b s  against  t h e  N P  o f  m u m p s  v i r u s  
was reported i n  a p r e v i o u s  s t u d y  (Tsurudome  et al., 1986) b u t  these M o A b s  
were n o t  f u r t h e r  characterized. I n  t h e  present  s t u d y ,  t h e  M o A b s  were  ana ­
lysed for their binding characteristics and  examined for the  cross-reactivity 
with the  N P s  o f  other paramyxoviruses, revealing antigenic relatedness 
among the  N P s  of  mumps  virus, PIV2 ,  and PIV4.  

Materials and Methods 

Cells and viruses. Vero ,  L L C M K 2  a n d  p r i m a r y  m c n k e y  k idney  cells were  g rown  i n  Eag l e ' s  
minimum essential  m e d i u m  (EMEM) supplemented  w i t h  5 %  f o e t a l  calf se rum.  Vero ce l l -adapted  
Enders  s t r a i n  ( E Y  s t ra in )  of m u m p s  v i rus ,  Toshiba  s t r a i n  of P I V 2 ,  21004-WR s t r a i n  of SV5 
and N a g o y a  s t r a i n  of Senda i  v i r u s  were  g r o w n  i n  Vero  cells. Toshiba  s t r a i n  of P I V 1 ,  Tosh iba  
strain of P I V 3 ,  Miyade ra  s t r a i n  of N D V  were g rown  i n  L L C M K 2  cells. Toshiba  s t r a i n  of P I V 4  
subtype A (PIV4A) a n d  62-M786 s t r a i n  of P I V 2  were  g r o w n  in  p r i m a r y  m o n k e y  k i d n e y  cells. 
These s tock  vi ruses  were  f rozen  a t  — 80  °C u n t i l  use .  A n  egg-grown E n d e r s  s t r a i n  (EA s t ra in )  
of mumps-virus  w a s  purif ied a s  described prev ious ly  ( Y a m a d a  et al., 1984). 

Antibody. A m a l e  Ba lb / c  mouse  (Charles R i v e r  I n c . ,  Atsug i ,  J a p a n )  w a s  immunized  w i t h  t h e  
E A s t r a in  of m u m p s  v i r u s  a n d  h y b r i d e  m a  clones were  ob ta ined  b y  fus ing  t h e  i m m u n e  spleen 
cells a n d  S P 2 / O A g l 4  m y e l c m a  cells a n d  t h e  specificity w a s  de te rmined  a s  described previously  
(Tsurudome  et al., 1986). T h e  i so types  of t h e  MoAbs were  de te rmined  a s  described b y  S a t o  
et al. (1985). 

Competitive binding assay. Compet i t ive  b ind ing  a s say  i n  E L I S A  w a s  ca r r i ed  o u t  a s  described 
b y  Sa to  et al. (1985). T h e  inhib i t ion  r a t i o  of compe t i t o r s  w a s  ca lcu la ted  a s  t h e  pe rcen tage  of 
the absorbance  va lue  c f  t he i r  m a x i m a l  inhib i t ion  c o m p a r e d  w i t h  t h e  absorbance  v a l u e  given 
b y  a peroxidase-conjugated MoAb in  t hg  absence  of a n y  compe t i to r .  

Polyacrylaniide gel electrophoresis {PAGE) and Western blot assay. Samples  were  d i s r u p t e d  
with equal  a m o u n t  of P A G E  sample  buf fe r  [125 mmol/1 Tris-HCl,  p H  6.6; 4 %  Tris-dodecyl  
sulphate (Tris-DS; K a t a y a m a  Chemical ,  Osaka ,  J a p a n ) ;  1 0 %  (v/v) 2-mercaptoe thanol ,  2 0 %  
(v/v) glycerol] a t  4 cC f o r  4 h r  (par t ia l ly  dena tu r ing  condi t ion) .  W h e n  sodium dodecyl  s u l p h a t e  
(SDS) w a s  used  a s  a s u b s t i t u t e  f o r  Tr is -DS,  t h e  d i s rup t ion  w a s  pe r fo rmed  b y  boil ing f o r  5 m i n  
(denaturing condit ion) .  T h e  resul t ing  samples  were sub jec ted  t o  P A G E ,  i n  which  Tris-buffered 
systems (Laemmli,  1970) were  used .  T h e  u p p e r  e lec t rode  bui fe r  a n d  t h e  gels  were  a d d e d  w i t h  
0.1% Tris-DS o r  S D S  corresponding t o  t h e  s amp le  buffer .  All processes of P A G E  were  pe r fo rmed  
a t  4 °C w h e n  Tr is -DS w a s  employed  (par t ia l ly  dena tu r ing  condit ion),  whereas  a t  r o o m  tem­
perature (RT)  i n  t h e  case  of S D S  (dena tu r ing  condi t ion) .  T h e  e lec t rcphoret ic  t r ans fe r  c f  poly­
peptides f r o m  t h e  gels t o  nitrocellulose membranes  w a s  pe r fo rmed  a t  4 cC a s  t h e  m e t h o d  of 
Towbin et al. (1979). A f t e r  blocking w i t h  n o r m a l  horse s e r u m ,  t h e  membranes  were t r e a t e d  w i t h  
MoAbs (di luted 1 : 10), b io t iny la ted  horse  an t i -mouse  I g G  (Vector Labora tor ies ,  Cal., U.S.A.) 
and avidin-biot in-peroxidase complex (Vector Laborator ies) .  T h e n  t h e  membranes  were  
immersed in  m e t h a n o l / P B S  ( 1 : 4 )  con ta in ing  4-chloro- l -naphthol  (0.3%) a n d  hydrogen  
peroxide (0.009%). 

Radioimmunoprecipitation assay {RIPA). R I P A  w a s  d o n e  a s  described b y  I t o  et al. (19876). 
I n  brief, Vero cells were  infected w i t h  viruses  a t  a mul t ip l ic i ty  of infect ion c f  0.1 t o  10 TCID50 
per cell, labelled w i t h  [ 3 5 S]methionine  (40 (jtCi/ml) a n d  cell e x t r a c t s  were p repa red .  T h e  pre­
cipitates w i t h  MoAbs were  subjec ted  t o  S D S - P A G E  a s  described above  a n d  tlie gels were  
processed f o r  fluorography a s  described b y  B o n n e r  a n d  Laskey  (1974). 
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Table 1. ( o inpHilhc  hiiifliiifi assay for anti-XP MoAhs 

Peroxidase-conjugated MoAbs 
Competitor IHO typo  — —  — 

7 88 87 02 48 100 11 41A 55 39B 45B 23D 

1 7 IgG2a + a + ( f ) »  
l [  88 IgG 1 — + ; 

87 IgG2u — + 4- - f  4-
02 lgG2a — + (+) + + 
48 IgG2a — — <+) + + 

I I I  100 IgG3 — - (+) + + -j- ( + ) -
IV 11 IgG3 — — (+) _ - f  _ _ _ _ 
v 41A IgG2b — ( • ) (+> (+) — - - f  - f  - — — 

.).) IgG2a — — (+) (+) — — 4- -f- — — — 

VI :i!)B IgG2u — — (+) (+) — - - - + — — 

VII  4") H IgGI (+) ( + ) 
VJII 23  IgGl  

11 Complete inhibition ( < 2 5 % ) .  
u Par t ia l  inhibition (25 t o  50%).  
c N o  inhibition ( > 5 0 % ) .  

Jiesult.fi 

General characterization 

T h e  specificity of  a n t i - N P  MoAbs  w a s  d e t e r m i n e d  b y  H I  P A  fol lowed b y  
S D N - P A G E  a n d  Huorography using [ 3 5 S]methionine- label led  e x t r a c t  of H e L a  
cells in fec ted  w i t h  t l ie E Y  s t r a in  a s  descr ibed  prev ious ly  (Tsu rudome  et al., 

I n  o rde r  t o  ana lyse  topograph ica l ly  t h e  an t igen ic  d e t e r m i n a n t s  of t h e  
E n d e r s  s t r a i n  N P ,  compe t i t ive  b ind ing  us ing  E L I S A  w a s  measured  (Tabic  1). 
T h e  a n t i - N P  MoAbs  were  classified in to  eight  g r o u p s  recognizing d i f fe ren t  

Fl«.  i 
Part ia l ly  denatur ing  Western blot 

•t assay  wi th  a n t i - N P  MoAb* 
The  E A s t r a in  of m u m p s  virus  was dis­
rupted  a t  4 °C in t h e  presence c.f Tris-D.S 
and  subjected t o  P A G E  a t  4 C, e lectrc-
blot ted on to  nitrocellulose membranes  
and  reacted wi th  MoAb (indicated above 
each lane) a s  described in Materials  a n d  
Me t hods. 

* Ä £ co O N Ô Í- * «D Z 

ooK- - -  a 
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< m 
I f í  I f i  

^ ^ 

6 6 K  
6 0  K 
55 K 
50K 

Fij | .  2 
Denaturing Western  blot  as say  w i t h  

anti-NP MoAbs " 
Tlie E A  s t ra in  w a s  disrupted b y  boiling 
for  5 min in t h e  presence of S I )S. sub­
jected t o  1'AGE a t  R T  a n d  reac ted  w i t h  
MoAbs a f t e r  e ' .ectrcblct t ing.  

ant igenic  sites. O n  t h e  o t h e r  h a n d ,  i t  h a s  b e e n  r epo r t ed  t h a t  t h e  S B L - 1  
s t ra in  N P  con ta ined  a t  leas t  t e n  s e pa r a t e  an t igen ic  s i tes  (Orvell, 1984). 

Antigen recognition of MoAbs in Western blot assays 

Fig .  1 shows t h e  resu l t s  of i m m u n o s t a i n i n g  w i t h  a n t i - N P  MoAbs  i n  p a r ­
tially d e n a t u r i n g  Wes t e rn  b lo t  assay  us ing  Tr is -DS.  MoAbs  2 3 D  a n d  4 5 B  
exclusively r e a c t e d  w i t h  t h e  po lypep t ide  whose  molecular  we igh t  w a s  a p ­
p rox imate ly  66 k D  corresponding t o  t h e  a u t h e n t i c  size of m u m p s  v i r u s  N P ,  
whereas MoAbs  55  a n d  41A r e a c t e d  w i t h  66 k D ,  60 k D ,  a n d  a f e w  po ly­
pept ides  m ig ra t ed  b e t w e e n  66 k D  a n d  60 k D .  M o A b  87 r eac t ed  w i t h  66  k D  
a n d  t o  a lesser e x t e n t  w i t h  60 k D .  O t h e r  five MoAbs  (39B, 11, 88, 7, a n d  48) 
reac ted  w i t h  66 k D  a n d  60 k D  t o  lesser e x t e n t s ,  whereas  t h e  r ema i n i ng  t w o  
MoAbs (62 a n d  106) showed l i t t le  r eac t iv i ty .  I n  d e n a t u r i n g  W e s t e r n  b l o t  
assay us ing  S D S  (described la ter) ,  n o n e  of t h e s e  M o A b s  (39B, 11, 88, 7, 48,  
62, a n d  106) r e a c t e d  w i th  a n y  po lypep t ide  ( d a t a  n o t  shown) .  
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H )  C 1 2 3 4 6 6 1 2 " l  2 3 4 6 6 7 8 9 10 11* 

(II) 

**T 
" t  

Fij | .  3 
Fluorogram of SDS-PAGE gels a f t e r  
KI PA using tlie 62-M786 s t ra in  of P I V 2  
(I) and the Toshiba s t ra in  of PIV4A (II) 
Virus  infected Vero cells ext racts  labelled 
with  ( 3 5 S)  methionine were  immunopre-
cipitated with MoAb3 and the  precipi­
t a t e s  were analysed  b y  SDS-PAGE.  
Lanes  H X - 1  t o  H X - 6  9 a n t i - H N  MoAbs 
30B,  3-1, 85, 54, 8C, a n d  73; lanes  F - l  
a n d  F-2,  a n t i - F  MoAbs 101 a n d  84; lanes  
N P - 1  t o  XP-11 .  a n t i - N P  MoAbs, 45B, 
88, 7, 39B, 55, 87, 41A, 11, 106, 2 3 D  
a n d  48;  c,  polyclonal an t i s e rum t o  t h e  
corresponding virus .  

In vitro proteolysis by boiling with S D ti-containing sample buffer 

A s  shown in Fig. I in partially denaturing Western blot assay, MoAbs 55 
and 4 l A  recognized both 6G k D  and 60  kJ) .  whereas MoAbs 2 3 D and  4 5 B  
recognized only 00  k D .  This  result was  confirmed in  denaturing Western 
b lo t  assay, in which the virions were disrupted b y  boiling in t h e  presence 
o f  S D S  (Fig. 2). Intriguingly, additional polypeptides (55 k D .  50  k D .  and 
4 3  k D )  were detected b y  either o f  the four MoAbs under such denaturing 
condition. 

Binding of MoAbs with other paramyxoviruses 

I t o  et al. (1987b) have  reported that  polyclonal antisera against mumps  
virus also reacted with PIV2,  PIV4,  and NV5. The polypeptide involved in  
the  cross-reactivity was  mainly N P. In this s tudy,  a panel of  ant i -NP 
MoAbs together with  ant i -HN and  ant i -F MoAbs (Tsurudome  et al., 1080) 
was examined for the  cross-reactivity with the  paramyxoviruses and one of  
ant i -NP MoAbs (MoAb 3i)B) clearly precipitated the N P s  o f  P I V 2  (02-M780 
strain) and IMV4A (Toshiba strain) (Fig. 3-1 and Fig.  3-11, respectively) 
and that  o fNVf i  (data n o t  shown). The  N P s  o f  other paramyxoviruses, t h a t  
is, PIVI and PIV3, Sendai virus, N D V ,  and unexpectedly Toshiba strain 
o f  PJV2, were not  recognized by all t h e  MoAbs tested (data not  shown). 
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Discussion 

It  has  been reported t h a t  mumps  v i rus  nucleocapsid derived f r o m  an egg-
grown Enders  strain contained m a j o r  polypeptides 66 k D  and 61 k D  (Hup-
pertz and ter Meulen, 1977). Although nucleocapsid fraction should contain 
polymerase (45 — 47 kD) and large (180—200 kD) proteins in addition t o  
NP (Wolinsky and Server, 1985), t h e  amounts  of the  former t w o  proteins 
are small in the  nucleocapsid. Since the  relative amounts  of 66 k D  a n d  61 k D  
were similar (Huppertz and ter  Meulen, 1977) and the  molecular weight  of 
61 k D  is  too large if i t  is  the  polymerase protein and too small i f  i t  is  the  
large protein, one could assume t h a t  61 k D  m a y  b e  a cleaved form of 66 kD.  
It is known t h a t  mumps v i rus  N P  is readily susceptible t o  proteolytic degra­
dation b y  cellular proteases  (McCarthy a n d  Lazzarini ,  1982; Server  et ctl., 
1982). I n  t h e  p resen t  s t u d y ,  a n  unconvent ional  W e s t e r n  b lo t  assay  using 
Tris-DS ( K u b o  a n d  Takagi ,  1986) w a s  employed in  o rder  t o  analyse  t h e  
N P  wi th  m i n i m u m  clenaturation,  a n d  t o  examine  sensitive!}' t h e  b inding  
characteristics of t h e  MoAbs. I n  par t ia l ly  dena tu r ing  W e s t e r n  b l o t  a s say  
using Tris-DS, i t  was  shown t h a t  a n  egg-grown E n d e r s  s t r a in  conta ined 
almost equal  a m o u n t  of 66 k D  a n d  60 k D .  T h e  60 k D  polypept ide  de tec ted  
by MoAbs 55 a n d  41A seemed t o  b e  a proteolytical ly cleaved f o r m  of 66kD 
by some cellular protease .  I f  i t  could b e  pos tu la t ed  t h a t  t h e  N- termini  of 
66 k D  a n d  60 k D  are  re ta ined  a s  those  of o the r  pa ramyxovi ruses  a f t e r  
cleavage b y  several proteases  (Heggeness  et al., 1981; Mountcas t le  et al., 
1974), these  MoAbs m a y  recognize 60 k D  containing t h e  N- t e rminus  of 
66 k D .  On t h e  o the r  h a n d ,  MoAbs 23D a n d  45B reac ted  exclusively w i t h  
66 k D  a n d  t h e  inabi l i ty  of these MoAbs t o  reac t  w i t h  60 k D  coulcl b e  ex­
plained b y  t h e  loss of 6 k D .  f r o m  t h e  C- termimus which should conta in  an t i ­
genic sites recognized b y  these MoAbs. 

Aspartvl-prolyl  pep t ide  bonds  can  b e  cleaved b y  hea t ing  in P A G E  sample  
buffer containing S D S  (Kit tenhouse a n d  Marcus,  1984). I n  t h e  p resen t  s t u d y ,  
heating m u m p s  virions in t h e  presence of S D S  (the d e n a t u r i n g  W e s t e r n  
blot assay) resul ted in addi t ional  cleavage of 66 k D  i n t o  55 k D ,  50 k D ,  a n d  
43 k D ,  all of which  were  recognizable b y  MoAbs 55, 41 A,  23D, a n d  45B.  
Tha t  these  smaller polypept ides  were  recognized b y  MoAbs 23D a n d  4 5 B  
implies t h a t  these  polypept ides  should conta in  a t  least  a por t ion  of 6 k D  
which w a s  n o t  included in 60 k D .  MoAbs 55 a n d  41A seem t o  recognize 
antigenic sites located be tween t h e  cleavage sites of 60 k D  a n d  4 3  k D .  

Radioimmunoprecipi ta t ion assay,  one of t h e  m o s t  sensit ive t echniques  
for ant igen detect ion,  revealed t h e  cross-reactivity of a n  MoAb specific f o r  
the N P  of m u m p s  v i rus  w i th  t h e  N P s  of P I V 2  a n d  P I V 4 A .  T h e  inabi l i ty  of 
this MoAb t o  react  wi th  t h e  N P  of t h e  Toshiba  s t ra in  of P I V 2 ,  despi te  of 
its react iv i ty  w i th  t h a t  of t h e  62-M786 s t ra in  of P I V 2  w a s  intr iguing,  since 
polyclonal a n t i - m u m p s  v i rus  se rum reac ted  wi th  t h e  N P s  of e i ther  s t ra ins  ( I t o  
et al., 1987a). T h e  molecular weight  of t h e  N P  of t h e  fo rmer  s t ra in  was  
larger t h a n  t h a t  of t h e  la t te r .  T h e  N P  of P I V 4 A  was  shown t o  b e  cleaved 
immediately a f t e r  i t s  synthesis  in Vero cells a n d  th i s  MoAb reac ted  w i th  
the cleaved polypept ide,  name ly  N P  in th is  s t u d y ,  a n d  n o t  w i th  i t s  larger 
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precursor (Komada et al., 1989). One type of antibody recognizes the pri­
mary structure of polypeptides (continuous amino acid sequence) and the  
other type of antibody recognizes conformational structure (discontinuous 
amino acid sequence). This MoAb did not  react with mumps virus X P  in the 
denaturing Western blot assay using SDS, showing tha t  it could not re­
cognize a denatured form of N P  and reacted with conformational structure 
which might be preserved in immunoprecipitation assay. Thus, it could be 
assumed t h a t  t h e  02-M786 s t rain  (PIV2)  ha s  an  X P ,  which m a y  b e  deleted 
form of t h a t  of the Toshiba strain (PIV2), and tha t  such deletion may lead 
to  a conformational alteration, resulting in an exposure of a de novo ap­
peared epitope on the molecule. Another possibility is t ha t  the epitope is 
unique t o  the  02-M786 strain being independent of the deletion. The pri­
mary structures of the XPs  of the  both strains of PIV2 were now under 
determination t o  elucidate these problems. 

Antigenic  relatedness be tween  t h e  X P s  o f  m u m p s  virus a n d  P I V 2  could 
n o t  be  detected  wi th  a large set  o f  a n t i - X P  MoAbs for  mumps  virus (Orvell 
et al', 1986). T h a t  a n  MoAb recognizing m u m p s  virus X P  also reacted w i t h  
X P s  of' P I V 2  and P I V 4 A  in this s t u d y  indicate that  a c o m m o n  antigenic 
site w a s  conserved a m o n g  these  viruses probably a s  a site o n  the  tertiary 
structure o n  the  X P s .  I n our recent s tudy  (Tsurodome  et al., 1989), furtherm­
ore, it  w a s  s h o w n  t h a t  a n  MoAb directed against  P I V 2  (Toshiba strain) X P  
also reacted wi th  t h e  X P s  o f  P I V 2  62-M786 strain a n d  m u m p s  virus e i ther 
in H I P A  or  Western b lot  assay ,  indicating another c o m m o n  epitope con­
sisting o f  cont inuous amino  acids a m o n g  these viruses. 
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