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Summary 

Passage of FMDV in B H K  suspended cells was confirmed to induce an antigenic 
deficiency on the virion. By immunodiffusion experiments with complete virus, 
with trypsin-treated virus and with 12S virus fraction it was shown that  the 
induced antigenic deficiency is located on the trypsin-removable part, of the 
virion. These results were confirmed by  absorption experiments. 

Introduction 

CowA~ et al. (11) showed that  passage of F ~ D V  (tjq0e Asia 1) in B H K  cells can 
change the antigenic properties of the virus, depending upon the line of B H K  cells, 
the culture method applied, and the passage history of the virus. Upon passage, 
the morphology of the plaques changed and the virus became antigenicMly 
deficient compared with the initial strain, as was demonstrated in the immuno- 
diffusion (I. D.) test. When the original virus was tested with a convalescent serum 
prepared against the original virus, it exhibited a spur in comparison with the 
B H K  passaged virus. A vaccine prepared with the B H K  adapted virus proved 
less effective in protecting cattle against challenge by the original virus than a 
vaccine prepared with a. virus strain which was more closely related to the original 
strain, tn  our institute (more similar or less the same) observations were made 
when FMD type O1 virus, obtained from bovine tongue epithelium (Frenkel) 
culture, was compared with the same strain after adaptat ion to BItK-suspension 
cultures. 

The experiments of WILD et al. (15) have demonstrated, that  the antigen mainly 
responsible for inducing immuni ty  to challenge is removed by  trypsin treatment.  

I t  therefore seemed of interest to learn whether the antigenic changes taking 
place upon passaging FMDV in B H K  suspension cultures were associated with 
the trypsin sensitive par t  of the virion. Since BRow~ and SMALE (8) showed tha t  
IgM of guinea pigs is mainly directed against this trypsin-sensitive part,  selected 
early convalescent serum raised in guinea pigs was used in this study. In  addition, 
sera raised in steers and pigs were also tested. 
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Materials and Methods 

Viruses 

The  FMD-vir~ts,  used  in  I .D .  a n d  se rum a b s o r p t i o n  e x p e r i m e n t s  was t y p e  0, sub-  
t y p e  1, s t r a i n  Brugge.  T he  v i rus  h a d  been  m a i n t a i n e d  b y  in t r a -de rmol inguM passages  
in  steers. This  s t r a i n  was passagcd  2 to  10 t imes  in b o v i n e  tongue  ep i the l ium (Frenkel)  
cu l ture  a n d  was des igna ted  OFt. The  same s t r a i n  was also passaged  once in B H K  mono-  
layers  a n d  five t imes  in B H K  suspended  cells before f inal ly  be ing  cu l tu red  in B H K  
suspended  cells as descr ibed  elsewhere (6), a n d  was des igna t ed  OB~K. All an ima l s  were 
in fec ted  w i t h  F M D V  t y p e  O1, s t r a in  Weerseloo,  a field s t r a i n  i so la ted  f rom a pig  
d u r i n g  t he  D u t c h  t966  epizo6tic.  This  s t r a i n  was passaged  a few t imes  in  ca t t l e  before 
be ing  used  as t i le l a b o r a t o r y  chal lenge s t ra in .  I n  our  l a b o r a t o r y  th i s  s t r a i n  p r o v e d  
to  be  p rae t i ea l l y  iden t ica l  to  O1-Brugge,  which  as a vacc ine  p roduces  good p ro tec t ion  
aga in s t  cha l lenge  w i t h  Ol-Weerseloo.  

Virus Concentration and Puri/ication 

Virus  was c o n c e n t r a t e d  a n d  pur i f ied  as descr ibed  p rev ious ly  (5) b u t  w i t h  some 
modif ica t ions .  Vi rus  was c o n c e n t r a t e d  200 fold b y  two consecu t ive  P E G  p rec ip i t a t i ons  
a n d  pur i f ied  on a 10 to 25 pe r  cen t  sucrose g rad ien t .  Af te r  c en t r i f uga t i on  in  the  S W 2 5 . t  
ro tor  ( B e c k m a n  I n s t r u m e n t s )  for  2.5 hou r s  a t  25,000 rpm,  the  v i rus  f rac t ions  were 
de t ec t ed  spec t ropho tomet I~ea l ly  a t  254 nm ,  pooled a n d  c o n c e n t r a t e d  b y  u l t ra - f i l t r a -  
t i on  (Amicon  Corpora t ion ,  f i l ter  x~I 300). Vi rus  c o n c e n t r a t i o n  a n d  re la t ive  p u r i t y  were 

d e t e r m i n e d  s p e e t r o p h o t o m e t r i e a l l v  us ing  E 1% 76 a n d  E 2 6 0  1.42 respec t ive ly  (1). 
.~ 260 ...... E 240 = 

E 2 6 0  
Usua l ly  v i rus  p r e p a r a t i o n s  h a d  an  - -  va lue  of a p p r o x i m a t e l y  1.30. No correc t ion  

E 2 4 0  
was m a d e  for t he  ~ t %  ~260" 

Fo r  I . D .  t e s t s  t h e  f ina l  c o n c e n t r a t i o n  of t he  v i rus  was a d j u s t e d  to 350 ~zg/ml. To 
all v i rus ,  t r y p s i n  t r e a t e d  v i rus  a n d  12S v i rus  f r ac t ion  p r epa ra t i ons ,  sod ium azide was  
a d d e d  to a c o n c e n t r a t i o n  of 0.1 per  cent .  T he  p r e p a r a t i o n s  were s tored  a t  4 ° C. 

Trypsin Treatment o/the Virus 

The  m e t h o d  was essent ia l ly  t he  one descr ibed  b y  WILD a n d  B a o w s r  (15). To s top  
t r y p s i n i z a t i o n  of the  pur i f ied  v i rus  soybean  i nh ib i t o r  (Sigma) was a d d e d  to a concen t ra -  
t ion  of 1.5 mg/ml .  T r y p s i n  t r e a t e d  v i rus  was aga in  pur i f ied  as descr ibed  for t he  comple t e  
virus.  T r y p s i n  t r e a t m e n t  generMly reduced  in fec t iv i ty ,  as m e a s u r e d  in  t he  agar-cel l  
suspens ion  p l a q u e  assay  (4), b y  3 log. OB~I~ a n d  O~,~ t r yps in  t r e a t e d - v i r u s  p r e p a r a t i o n s  
are  des igna t ed  otrYP a n d  O trypF~ respeet ively .  

Preparation o/the 12S ,Protein Subunit 
To pur i f ied  a n d  c o n c e n t r a t e d  v i rus  a p p r o x i m a t e l y  1 m g / m l  t / N a s e  (grade I I I a ,  

Sigma,) was  added  to a c o n c e n t r a t i o n  of 60 tzg/rnl. The  suspens ion  was t h e n  d ia lysed  
for 1 h o u r  a t  37 ° C a n d  for 16 hours  a t  4 ° C aga ins t  0.05 N p h o s p h a t e  buffer  c o n t a i n i n g  
0.2 ~I NaC1. The  p K  was a d j u s t e d  to 5.3 by  a d d i t i o n  of c o n c e n t r a t e d  acet ic  acid.  
The  p r e p a r a t i o n  was clarif ied b y  c e n t r i f u g a t i o n  for  10' a t  10,000 r p m  a t  4 ° C. The  
q u a n t i t y  of t 2 S  was d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  by  us ing  F, 1% = t1.1 (2). ~280 
The  c o n c e n t r a t e d  12S ma te r i a l  was a d j u s t e d  to 500 ~zg/ml for I . I ) .  

Antiserum Preygarations 
Seven  days  pos t  in fec t ion  s e rum was o b t a i n e d  f rom F M D  suscept ib le  pigs, ca t t l e  

a n d  gu inea  pigs in fec ted  wi th  O~-Weerselo, by  footpad,  i n t r a d e r m o l i n g u a l  a n d  h i n d p a d  
inocu la t ion  respect ive ly .  F r o m  each  g roup  of a t  leas t  th ree  an ima l s  one a n t i s e r u m  
giv ing  a clear  I . D .  r eac t i on  was selected.  H y p e r i m m u n c  se rum was p r e p a r e d  in  gu inea  
pigs in fec ted  w i t h  O1-Brugge,  b y  foo tpad ,  s u b c u t a n e o u s  a n d  i n t r a v e n o u s  in j ec t ion  
successively  d u r i n g  a 3 m o n t h  period.  All  a n t i s e r u m  p r e p a r a t i o n s  a n d  a n t i s e r u m  
f rac t ions  were s to red  a t  - -200  C. The  I. D. resul t s  shown  were o b t a i n e d  w i th  t he  u n d i l u t -  
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ed steer serum and 1:2 diluted pig serum and guinea pig serum. The hyperimmune 
guinea pig serum was used in a dilution of 1 : 4. 

Fraetionation o/Antisera 
The antisera were fractionated on Sephadex G-200 columns, Five ml of each serum 

was loaded onto a 100 × 3 em column and eluted with a 0.1 ~i Tris-HCL buffer, p i t  7.4 
containing 1 ~ NaC1 using a flow rate of 20 ml/hour. The fractions within the first 
and second U.V.-absorbing peaks were collected and concentrated by ultra-filtration. 
The fractions of the 19 and 7 S peaks were collected and the final volume adjusted to 
5 mt with phosphate buffered saline. 

Absorption o/the Antiserum JFraction 
To remove preeiptable antibodies, antiserum fractions were absorbed onto an 

excess of virus or trypsin-treated virus for three days at 4 ° C. The amount  of antigen 
required was ascertained in the following way: small aliquots of antiserum were 
incubated with increasing amounts of antigen for three days at 4 ° C, and then tested 
in I .D.  against both serum and antigen. The precipitation pat tern showed whether 
equivalent amounts or excess antigen had been added to the antiserum (10). 

Unreacted antigen and immune precipitates were removed after incubation, by 
centrifugation of the mixture on a 10 per cent sucrose cushion in the SW50.1 rotor 
(13eekman Instrnments)  for 1 hour at 45,000 rpm. At the end of the run the anti- 
serum was removed from the interface above the sucrose cushion. 

lmmunodi/1usion Test 
The immunodiffusion method described by OIJCI~E]~LO~Y (14) was used. Agarose 

(3) gels (1 per cent) were prepared in 0.5 ~ glycine-ttCL, p i t  7.8, containing 0.025 M 
sodium barbital and 0.1 per cent sodium azide. The wells had a diameter of 3 mm and 
the distance between the wells was also 3 ram. Each well was filled with approximately 
15 ~1 serum or antigen preparation. The precipitation reactions were developed at 4 ° C 
for 7 days. The gels were then washed, dried, stained with amido-black and photo- 
graphed. 

Assay o] Neutralizing Antibodies 
A modification (1.2) of the metabolic inhibition test, as described by M~I~TII~ and 

CHAPMAN (13) was used. 

Results 

Ear ly  sera of cattle, pigs and  guinea pigs were collected ~nd screened for 
precipi ta t ing ac t iv i ty  in  I .D.  tests. Those sera giving the clearest I .D.  pa t t e rn  
were screened on the presence of precipitable 7S ant ibodies  by  Sephadex G-200 
gel f i l t rat ion.  The first, second and  th i rd  elated peaks were collected, concent ra ted  
to the original volume by  ul t ra- f i l t ra t ion and  screened for precipit~ble antibodies.  
Precipi ta t ion  was only obta ined with the ~irst (19S) pe~k and  not  with the second 
and  th i rd  peak, thus  all the precipi ta t ing ac t iv i ty  of ant ibodies  used in  this s tudy  
is of the "19S" class. 

The selected early convalescent  sera of all three species showed spurr ing of 
the OFr and  the O~mK in the I .D.  test  (Figs, 1, 2 and  3), indicat ing tha t  OBHK is 
ant igenical ly  deficient compared with OFr. h i  order to locate this ant igenic 
deficiency on the virion, all possible combinat ions  of ant igens  OFt, OBHK, O~rYP 
and  otry9 were tested against  the three antisera. 

~BHK 
The re levant  results are shown in Figures 1 to 9. No spur was evident  in  the 

combinat ion  (~tryp and  (~tryp using the steer serum (Fig. 4) while a fa int  spur  was ~Fr ~BI~K 
obta ined  using the pig or the guinea pig serum (Figs. 5 and  6). This spur was 
absen t  when the 12 S subuni t s  were tested. This suggested t h a t  the  t ryps in  t reat-  

20* 
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Figs. I--9. I.D. results of early convalescent antisera raised against FMDV type Oi 
in a steer (S), a pig (P) and a guinea pig (G.P.), and tested against OBH~, OFr, 

otryp O ~  yp, C}12S a n d  O 12s 
BHK' ~r ~BHK Fr 
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m e n t  removed the site on the vir ion where the ant igenic change was located. 
Absorpt ion  exper iments  were performed to check this suggestion. The I .D.  
results show (Figs. 10, 11. and  12) t ha t  the  sera absorbed onto (ItrYP and  CItryP - ~ F r  VBHK 

still  produced spurs, while they  also conta ined a considerable a m o u n t  of their  
ini t ia l  neutral is ing ac t iv i ty  (Table 1). 

I n  contras t  to the early sera, the guinea pig hype r immune  serum gave large 
spurs in bo th  combinat ions  of 0rr /0BRK and  0 ~ Y P / 0 g ~  (Figs. 13 a nd  14). 
Using late convalescent  sera raised in  different species, we obta ined  results similar 
to those found with guinea pig hype r immune  serum. 

Figs. 10--12. I .D.  results of early convalescent antisera raised against FMDV type O1 
in a steer (S), a pig (P) and a guinea pig (G. P. and absorbed onto OtF~ p. These 

absorbed sera were tested against the combination 0Fr and 0BH~ 

Figs. 13, 14. I .D. results of late hyperimmune guinea pig antiserum tested against 
0Fr, OBHI~, O ~  "p and otryp 

~ B H K  

Table 1. Neutralizing activity and I .D.  pattern o/ early antisera absorbed with OF~, 
o t ryp  O B I t K  and tryp 

t~r ' B I t K  

Antisera 

Absorbed Steer Pig Guinea pig 
with M.I .T.  b I .D.  c M.I .T.  I .D.  M.I .T.  I .D.  

- - a  3.90 OFr>0BH~ 3.45 OFr>OBHx n.d. e OFt > OBIIK 
Orr <0.90 __a 1.50 -- n.d.  -- 
otryp 2.10 OF~> OBHK 2.85 OFt> OBHt( n.d.  O F r >  OBNK ~r 
OB~I( 0.90 -- 0.90 -- n.d.  -- 
otryp 3.45 OFr>OBHI~ 3.45 O F r > O B ~  n.d.  OFr > OBttK Bt IK 

b M.I .T.  

o I . D .  
d __ 

e n . d ,  

unabsorbed sera 
metabolic inhibition test, antibody titers expressed as negative logaritm 
of the serum dilutions 
immuno diffusions experiments, OFt> 0BHK means that  OFt spurs on O l ~  
no precipitation detected 
not done 
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Discussion 

By culturing FMDV in B H K  suspended cells the virus may  lose an antigenic 
component, as shown by  CowA~ et at. (11). His vaccination experiments suggest 
a relationship between this loss and the loss of immunogenieity of the virus when 
incorporated into a vaccine. BRows" and S~ALE (8) demonstrated that  FMDV 
has three antigenic sites and tha t  the site removed by  trypsin seemed to be the one 
tha t  is mainly responsible for the immunogenicity. This antigenic loss first reported 
by  Cowan might therefore be associated with the trypsin sensitive par t  of the 
virion. This possibility was investigated by  using 19S antibody. BRow~ and 
S~ALn (8) showed that  guinea pig anti FMDV 19S ant ibody is mainly directed 
against the trypsin-sensitive part,  while CowA~ (9) observed in I .D.  tests that  
minor strain differences could be detected with 19S antibodies on the complete 
virion, but not on the trypsin-treated virion. With the aid of 19 S antibodies from 
three different species we have demonstrated that  the antigenic deficiency, due 
to passaging in BHK,  is located on the trypsin-sensitive part  of the virion, since 
the spur shown in I .D.  by the combination OFr/OB~ practically disappeared in 
the combination otryp/(Itryp The absorption experiments confirmed these I .D.  ~ F r  / ~ B t I K  ' 

results and showed in addition that  a considerable amount of the neutralizing 19 S 
antibodies was directed against this trypsin sensitive part.  The I .D.  tests of the 
absorbed sera also indicate that  the antibodies directed against the trypsin sensitive 
par t  of the virion, detect two antigens on the OFr and one on the OBHK. I t  remains 
possible tha t  the antigen which is missing on 0Bt~K, has been changed to one tha t  
is not detected in the present system. 

Using late antiserum in I .D.  tests it was impossible to determine whether the 
antigenic change was located on the complete or incomplete virion, for in contrast 
to early antiserum, late antiserum detects an antigenic deficiency on both the 
complete and trypsin t reated particle. This is consistent with the results of WILD 
et al. (16) who demonstrated tha t  a very small amount of late ant ibody is exclusively 
directed against the trypsin sensitive site. Thus early antiserum seems the most 
effective for detecting antigenic differences on the trypsin-sensitive par t  of the 
virion, as was also shown by  CowA~ (9). 

In  accordance with the observations of COWAN (9) we did find precipitation 
with OtryP and early antisera. As pointed out in the results section it seems quite 
improbable that  our early sera contained specific 7S antibodies, since not even 
faint precipitation was observed with the second (7S) peak obtained by  G200 gel 
filtration of the sera. Furthermore,  if the O tryp precipitation line obtained with 
early guinea pig sera had been due to 7S contamination, we should also have 
found precipitation with the 12S virus protein subunit. 

However, according to Bt~OWN and SMALE (8) the precipitation line between 
OtrYp and early antisera is caused by  7S antibodies present in their early sera, 
because sucrose gardient fraetionation of these sera eliminated this line from the 
19S fraction. The difference between their observations and ours might be that  
they lost their 19 S anti Otryp antibodies due to their fraetionation procedures since 
the anti Otryp antibodies were a minor constituent in their early sera. 

The faint spur visible in Figures 5 and 6 must  also be caused by 19S antibodies. 
These antibodies sometimes detect an antigenic deficiency on the trypsin-treated 
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virion though to a lesser extent than on the complete virion. This property is also 
{~tryp absorbs  ev iden t  f rom the results of the absorpt ion exper iments  (Table 1): - F r  

some neutral iz ing ac t iv i ty  of the early sera in contras t  to CltrYp This is shown ~ B t I K '  
more clearly by the guinea pig hyperimmune serum: 0~rr yp spurs on -~m~O~rYP (Figs. 13 
and 14). 

BROWN (7) could not  show precipi ta t ion between ei ther early guinea pig serum 

or ear ly  cat t le  serum wi th  12 S virus prote in  sub-unit .  Our results differ f rom his 

with respect to early cattle serum. We are unable to offer an explanation for this 
discrepancy. 

Nonetheless, the antigenic loss "seen" on the complete virus but not on the 
trypsin treated virus nor on the 12 S virus protein subunit is in complete accordance 
with the FMDV model proposed by Bnow~ ~ and SNALE (8). 

The results presented in this paper offer an explanation for the fact, that loss 
of an antigen due to passaging of FMDV in BHK cells may result in a reduced 
immunogenicity of a vaccine prepared with the virus. It is shown to be due to an 
altered trypsin sensitive site on the virion, the site that is considered to be mainly 
responsible for immunogenicity of inactivated FMDV (15). 
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