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ABSTRACT 
Rod61<, L,, 1984. Application of  radioimmunological methods for 

checking the quality of class-specific antibodies against 
bovine and porcine immunoglobulins, vet. Immunol,lmmunopathol,, 
5: 377-387, 

class-specific antibodies against bovine IgOl, IgG2, IgM and 
IgA and porcine IgG, IgM and IgA immunoglobulins were prepared. 
Their class specificity was assessed by two radioimmunological 
methods, nameIy, radioimmunoelectrophoresis and double antibody 
sandwich radioimmunoassay. The methods are highIy specific and 
sensitive and do not require the use of purified immunoglobulins, 
but can be performed with normai serum or colostrum. It was con- 
f i r m e d  t h a t  a n t i b o d i e s  found  s a t i s f a c t o r y  i n  t hese  t e s t s  were 
s u i t a b l e  f o r  a w ide  range o f  use i n c l u d i n g  rad io immunoassay  and 
enzyme l i n k e d  immunosorben t  assay .  

INTRODUCTION 

A number of immunological methods make current use of anti- 

-immunoglobulin antibodies for the needs of both research and 

practical diagnosis. Labelled with radioactive isotope or con- 

jugated with enzyme, these antibodies are also used in a number 

of radioimmunoassays (RIA) and enzyme linked immunosorbent assays 

(ELISA). However for more detailed immunological studies on the 

dynamics and character of the immune response, it is necessary 

to use specific antibodies to individual immunoglobulin classes. 

Since suitable class-specific antibodies to bovine and porcine 

immunoglobulin classes are not currently available, we decided 

to prepare our own monospecific antisera and to isolate antibodies 

suitable for labelling with 125I or conjugation with enzyme. 

The class specificity of the antibodies wae assessed by radio- 

immunoelectrophoresis and double antibody sandwich RIA. These 

methods are highly specific, sensitive, do not require the use of 

purified immunoglobulins, but can be performed using normal serum 

or colostrum. The results obtained in our study confirmed good 
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quality of the antibodies and their suitability for a wide range 

of use including RIA and ELISA. 

METHODS 

~re ,pa ra t ion  o f  a ,n t i sera  and i s o l a , t i o n  o,f immunog lobu l ins  

The animals employed were chinchilla rabbits weighing 2 to 3 

kg. Antisera against various immunoglobulin classes were prepared 

by repeated immunization of the rabbits with purified immunoglo- 

bulins or antigen-antibody complexes in Freund°s adjuvant (Duncan 

et al., 19721 Nansen et al., 1971). 

Isolation of bovine and porcine immunoglobulins was carried out 

according to standard procedures (Masseyeff et al., 1965~ Bourne 

1969~ Butler and Maxwell, 1972~ Cambier and Butler, 1974). 

I s o l a t i o n  of  s p e c i f i c  a n t i b o d i e s  

The a n t i s e r a  prepared were f r e e d  from n o n - s p e c i f i c  a n t i b o d i e s  

by a f f i n i t y  chromatography on Sepharose 4B (Pharmacia) w i t h  co-  

v a l e n t l y  bound bov ine or  po rc ine  immunoglobu l ins  of the c o r r e s -  

ponding c lasses  (Hatch et a l . ,  1974)o The same method was used 

to  i s o l a t e  s p e c i f i c  a n t i b o d i e s  aga ins t  i n d i v i d u a l  immunoglobul in  

c lasses  from the monospec i f i c  a n t i s e r a .  The y i e l d s  depended on the 

q u a l i t y  of  the a n t i s e r a ,  rang ing  from 1 to  3 .5  mg a n t i b o d y / m l  

an t i se rum.  A f t e r  e l u t i o n  w i t h  0 ° 1 M  g lyc ine -HC1 b u f f e r ,  pH 2 .8 ,  

and d i a l y s i s ,  the a n t i b o d i e s  were l y o p h i l i z e d  and s t o r e d  in  

sea led  ampoules u n t i l  use. 

Labellin9 of antibodies with 125I 

Specific antibodies were labelled by means of chloramine T 

iodination (Mc Conahey and Dixon, 1956), More than 98 ~j of non- 

-dialysable activity was precipitated with lO ~j trichleracetic 

acid. Specific activity of the labelled proteins ranged between 

18.5 and 185 MBq/mg. The labelled antibodies were kept in 

phosphate buffered saline (PDS) supplemented with lO mg/ml rabbit 

serum albumin (RSA) or with lO ~ rabbit serum obtained from non- 

-immunized animals. 
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RESULTS 

Radioimmunoelectrophoresis 

Electrophoretlc separation of pig and bovine sera and bovine 

colostral whey was carried out in 1,5 ~ agar (Noble agar, Difco) 

containing 0.05 N veronal buffer, pH 8.6, on glass plates (ReJnek 

and Bedna~ik, 1960). After the separation was completed, rabbit 

precipitating antisera against porcine (RASw) or bovine (RAB) 

serum and colostrum proteins were placed into troughs, Antiserum 

in individual troughs contained supplements of l25I-labelled anti- 

-immunoglobulin antibodies of different class specificity with 

an activity of 30 to 70 KBq/ml antiserum. After precipitation 

lines had been formed, the plates were thoroughly washed in PBS 

for 2 days, air-dried and covered with x-ray film (Hedix Rapid, 

Foma). The film was developed after exposure for 2 to 3 days, the 

plates were stained with amido black lOB and the precipitation 

lines in agar were compared with the lines exposed on the film. 

With this method, serum and colostral proteins are precipitated 

with rabbit antisera (RASw or RAB) which form precipitation lines 

with individual proteins. 1251-1abelled antibodies added to these 

antisera have only a share in the formation of precipitation lines. 

!!! i 
J J 

Fig. IA. A radiolmmunoelectrophoretic check on the class specifi- 
city of antibodies against bovine immunoglobullns° Wells left to 
right: Nos, I-6, bovine serum~ No. 7, colostral whey, RABS was 
placed in all troughs. 125I-labelled antibodies against bovine 
IgG2, IgG1, ZgA and IgN were added to antiserum in troughs 
des igna ted  as G2, G1, A and N, r e s p e c t i v e l y .  
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Fig. IB. X-ray film after exposure with electropherogram IA. 
The binding of the labelled antibodies was demonstrated always 
in a single precipitation line, The location and character of 
the lines confirm the monospecificity of the labelled antibodies, 

Fig. 2A. A radioimmunoelectrophoretlc check o n  the class speci- 
ficity of antibodies against porcine immunoglobuline° Pig serum 
was placed in we}is of the electropherogram and RASw was placed 
in the troughs, ~°I-labelled antibodies against porcine immuno- 
globulins IgG, IgA and IgM were added to antiserum in troughs 
designated as G, A and M, respectively. 
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Fig. 2B, x-ray film after exposure with electropherogram 2A. 
The binding of the labelled antibodies was demonstrated always 
in a single precipitation line. The location and character of 
the lines confirm the monospecificit¥ of the labelled antibodies. 

A 1 B i C 

s I R A s w l g M  I s  I M I ~ .................... 

Fig. 3, Comparison of the sensitivity of immunoelectrophoresls 
and radioimmunoelectrophoresis in checks on the specificity of 
rabbit antiserum against porcine lgM (RASwIgM). A, immunoelectro- 
pnoresis~ B, radioimmunoelectrophoresis~ C, exposed X-ray film. 
Wells: pig serum (s) or colostrum (c), Troughs: rabbit antiserum 
against pig serum and colostrum (RASw designated here as S)1 
RASwIgM~ RASw supplemented w i t h  1 2 5 I - l a b e l l e d  Ig f r a c t i o n  of 
RASwZgH (H). 
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Fig. 4. Graphical presentation of the results of a check on the 
specificity of antibodies against porcine immunoglobulins by 
double antibody sandwich RIA. Mean radioactivities + SD of 
quadrupllcate wells coated with rabbit antlbodles a~alnst porcine 
immunoglobulins RASwIgG (o~o), RASwlgM (~ ~) and RASwIgA 
(~-.x). After incubation with pig serum diluted i:i00 to 218 700 
the specificity of reactions was demonstrated by means of the 
same antibodies labelled with 125I. 
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L a b e l l e d  monospec i f i c  a n t i b o d i e s  are r e q u i r e d  to  i n c o r p o r a t e  

on ly  i n t o  a s i n g l e ,  p r e c i s e l y  de te rmined p r e c i p i t a t i o n  l i n e  and 

not to reac t  w i t h  o t h e r  p r o t e i n  a n t i g e n s .  Presence of n o n - s p e c i f i c  

a n t i b o d i e s  i s  man i f es ted  by r a d i o a c t i v i t y  b i n d i n g  a l so  in  o t h e r  

p r e c i p i t a t i o n  l i n e s .  The r e s u l t s  ob ta ined  (F ig ,  1 and 2) show 

tha t  1 2 5 I - l a b e l l e d  a n t i b o d i e s  aga ins t  bov ine and po rc ine  immune- 

g l o b u l i n s  are s t r i c t l y  c l a s s - s p e c i f i c  because they reac t  on l y  

w i t h  the r e q u i r e d  immunoglobu l ln  c lasses  and t h e i r  p r e c i p i t a t i o n  

l i n e s  are the on l y  ones exposed in  X - ray  f i l m .  

The h i g h e r  s e n s i t i v i t y  of  r a d i o i m m u n o e l e c t r o p h o r e s i s  as 

compared w i t h  e l e c t r o p h o r e s i s  was demonst ra ted by checks on the 

q u a l i t y  of  r a b b i t  an t i se rum aga ins t  po rc ine  IgM (RASwIgN). On 

i m m u n o e l e c t r o p h o r e t i c  examina t ion  t h i s  an t i se rum was monospec l f i c  

end formed p r e c i p i t a t i o n  l i n e s  on l y  w i t h  serum and c o l o s t r a l  IgM 

(F ig ,  3A) .  The crude immunoglobu l in  f r a c t i o n  of t h i s  an t i se rum 

ob ta ined  by p r e c i p i t a t i o n  w i t h  ammonium su lpha te  ( tw i ce  at 45 % 

s a t u r a t i o n )  and l a b e l l e d  w i t h  125I  was used f o r  radioimmuno- 

e l e c t r o p h o r e t i c  examina t i on  (F ig .  3B) ,  The l i n e s  exposed on X- ray  

f i l m  (F ig .  3C) show tha t  the l a b e l l e d  a n t i b o d i e s  reac ted  not on ly  

w i t h  po rc ine  IgH but a l so  w i t h  IgO and serum alpha 2 -macrog lo -  

b u l i n .  

checks on the spe,ctfi,,c,!t Y ,of a n t i b o d i e s  by do,uble, an,t lbody 

sandwich RIA 

The q u a l i t y  of  the a n t i b o d i e s  ob ta ined  was a l so  checked by 

double a n t i b o d y  sandwich RIA. However, on l y  the r e s u l t s  of  

e v a l u a t i o n  of  a n t i b o d i e s  aga ins t  po rc ine  immunoglobu l in  c lasses  

are p resen ted  here in  d e t a i l .  

D isposab le  p o l y s t y r e n e  f l a t - b o t t o m e d  mic ro tubes  in  p i a s t t c  

p l a t e  h o l d e r s  were employed ( the s i ze  and arrangement of  the 

w e l l s  were the  same as in  the p l a t e s  f o r  the m i c r o t i t r e  ELISA).  

In each of  t h r e e  p l a t e s  employed, f o u r  of  the 12 v e r t i c a l  rows of  

w e l l s  were f i l l e d  w i t h  one o f  the s o l u t i o n s  o f  the t e s t e d  r a b b i t  

a n t i b o d i e s  aga ins t  po rc i ne  immunoglobu l ln  c lasses  (RASwIgG, 

RASwIgM, RASwIgA). A l O 0 / u l  amount of a n t i b o d y  s o i u t t o n  in  0.1 mol 

c a r b o n a t e - b i c a r b o n a t e  b u f f e r ,  pH 9 .6 ,  hav ing the a n t i b o d y  con-  

c e n t r a t i o n  of  lO /ug /m l ,  was p ieced in  each w e l l .  A f t e r  a d s o r p t i o n  

o f  the  a n t i b o d i e s  o v e r n i g h t  at  20 °C and subsequent  wash ing ,  a l l  

the w e l l s  were f i l l e d  w i t h  1 0 0 / u l  amounts of  normal p ig  serum 

d i l u t e d  t h r e e f o l d  in  the range of 1:100 to  1:218 700 w i t h  PBS 
c o n t a i n i n g  0 .5  ~ bov ine serum albumin (BSA) and 0.02 ~ Tween 20. 
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Each horizontal row of 12 wells contained one serum dilution. 

After incubation for 2 hours at 20 °C and subsequent washing 

the plates were incubated with the solution of the tested 1251- 

-labelled class-specific antibodies under the same conditions, 

All the wells of one plate were filled with labelled antibodies 

of one class specificity. To each well, lO0/ul of the antibody 

solution in PB3 supplemented with 0.5 o~ RSA and 0.02 ~j Tween, 

having the activity of 15 KBq/ml, was added, After final washing 

(each washing three times with PBS) the activities bound in indi- 

vidual wells were measured with an NE 1600 counter for 1251 

(Nuclear Enterprises, Ltd, Edinburgh) and mean activities and 

standard deviations were calculated from groups of four squally 

incubated wells (Fig, 4). On the third incubation with 1251- 

-labelled specific antibodies during this procedure, the binding 

of antibodies and therefore also of radioactivity occurred only 

in those wells that contained the specifically bound pig serum 

immunoglobulin. In other words, the radioactivity of the wells 

treated on the first and third incubations with antibodies of 

the  same c l a s s  s p e c i f i c i t y  must have been s i g n i f i c a n t l y  h i g h e r  

than  the  r a d i o a c t i v i t y  i n  the  w e l l s  i n c u b a t e d  w i t h  l a b e l l e d  a n t i -  

b o d i e s  o f  d i f f e r e n t  c l a s s  s p e c i f i c i t y ,  The mode o f  t r e a t m e n t  o f  

t he  w e l l s  and the  r e s u l t s  a re  p r e s e n t e d  g r a p h i c a l l y  i n  F i g .  4. 

The c u r v e s  showing the  mean r a d i o a c t i v i t y  o f  q u a d r u p l i c a t e  w e l l s  

i n c u b a t e d  w i t h  v a r i o u s  serum d i l u t i o n s  c o n f i r m e d  h i g h  s p e c i f i c i t y  

o f  t he  a n t i b o d i e s ,  The g r a d u a l  dec rease  o f  the  a c t i v i t i e s  bound 

i n  t he  w e l l s  was d i r e c t l y  p r o p o r t i o n a l  t o  the  degree  o f  d i l u t i o n  

and t o  the  i n i t i a l  c o n c e n t r a t i o n  o f  i m m u n o g l o b u l i n  c l a s s e s  i n  the  

p i g  serum, A n o t h e r  measure o f  the  q u a l i t y  o f  a n t i b o d i e s  i s  the  

highest ratios of the radloactlvitles bound in wells incubated 

with various antibody combinations on the first and third in- 

cubations. If in both cases antibodies against porcine IgG were 

employed, i.e. in the combination IgG-SwS-12511gG (thereafter 

referred to as G-G, etc.), the activity in the wells was as much 

as 59 ,9  and 35 .6  t i m e s  as h i g h  as i n  the  c o m b i n a t i o n s  A-G and 

H-G, r e s p e c t i v e l y .  The h i g h e s t  r a t i o s  were o b t a i n e d  a t  the  serum 

d i l u t i o n  o f  &:72 900, A n a l o g o u s l y ,  i n  the  c o m b i n a t i o n  A-A the  

a c t i v i t i e s  i n  the  w e l l s  were as much as 03 ,9  and 37 ,3  t imes  as 

h i g h  as i n  the  c o m b i n a t i o n s  G-A and N-A, r e s p e c t i v e l y ,  The h i g h e s t  

r a t i o s  were o b t a i n e d  a t  the  serum d i l u t i o n  o f  l : 3 0 0 ,  tn the  comb i -  

n a t i o n  N-M the  mean a c t i v i t y  i n  the  w e l l s  was as much as 24 .9  and 

2 3 . 1  t i m e s  as h i gh  as i n  c o m b i n a t i o n s  G-H and A-M, r e s p e c t i v e l y ,  
and the  h i g h e s t  r a t i o s  were o b t a i n e d  a t  the  serum d i l u t i o n  o f  l :OO0, 
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DISCUSSION 

Antibodies combine with the corresponding antigen to produce 

a complex which is sufficiently stable over a wide range of pH. 

An important criterion in addition to the avidity and activity 

of antibodies is their specificity. Antibodies having insufficient 

specificity react with a number of other similar antigenic 

structures and their applicability for immunological studies is 

thus limited. Class-specific anti-immunoglobulin antibodies are 

required to react only with a certain immunoglobulin class, i.e. 

with specific antigenic structures of the heavy chains of immune- 

globulin molecules. There are a number of methods for checks on 

class-specific anti-immunoglobulin antibodies. The most widely 

used are those based on agar-gel precipitation, namely, immuno- 

electrophoresis, double radial immunodiffusion (Ouchterlony) etc. 

(Butler and Maxwell, 1972~ Duncan et al., 1972). Antibodies or 

antisera that prove satisfactory by these methods are generally 

of sufficient quality also for other immunological studies. The 

presence of non-specific antibodies, however, may not be demon- 

strated, particularly if the non-specific precipitation activity 

was removed by dilution or insufficient immunosorption of the 

antiserum. Therefore agglutination method is used for more exact 

purposes (Hirota et al., 1980). In this method monospecific 

antiserum agglutinates only those erythrocytes on the surface of 

which immunoglobulin of the corresponding class has been adsorbed 

The disadvantage of this test is that accurate results can be 

obtained only with highly purified immunoglobulins and that it is 

not possible to reveal the presence of antibodies against 

proteins of non-immunoglobulin nature. On the analogous principle 

of the direct reaction of antibody with the corresponding antigen 

(immunoglobulin), a check on the cias$ specificity of antibodies 

was developed using an enzyme linked immunoeorbent assay (Franz 

and Corthier, 1981). 

The antibodies prepared by us were therefore evaluated by 

meane of the radioimmunoelectrophoretic method, This method is 

highly specific and has the advantage over the latter test in 

that it uses normal serum or colostrum as the source of antigens. 

In this method, i251-1abelled specific antibodies participate in 

the formation of a certain precipitation line. The presence of 
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n o n - s p e c i f i c  a n t i b o d i e s  i s  m a n i f e s t e d  i n  t h a t  the  r a d i o a c t i v i t y  

i s  d e m o n s t r a t e d  a l s o  i n  o t h e r  p r e c i p i t a t i o n  l i n e s .  The f a c t  t h a t  

1 2 5 z - l a b e l l e d  a n t i b o d i e s  have o n l y  a share  i n  t he  f o r m a t i o n  of  

the  p r e c i p i t a t i o n  l i n e s  makes i t  p o s s i b l e  t o  d e m o n s t r a t e  even 

l ow  n o n - s p e c i f i c  a c t i v i t y  wh i ch  i s  not  r e v e a l e d  by common p r e c i -  

p i t a t i o n  methods ( e . g ,  i m m u n o e l e c t r o p h o r e s i s ) .  The r e s u l t s  p r e -  

sen ted  here  ( F i g .  1, 2 and 3) c o n f i r m  t h a t  the  a n t i b o d i e s  t e s t e d  

a re  s t r i c t l y  c l a s s - s p e c i f i c  and t h a t  low c o n c e n t r a t i o n s  o f  non -  

- s p e c i f i c  a n t i b o d i e s  i n  i n s u f f i c i e n t l y  s a t u r a t e d  m o n o s p e c i f i c  

sera  canno t  be d e t e c t e d  by i m m u n o e l e c t r o p h o r e s l s  where c o n s i -  

d e r a b l e  d i s p r o p o r t i o n  between the  a n t i g e n  and a n t i b o d y  concen -  

t r a t i o n s  makes f o r m a t i o n  o f  the  r e s p e c t i v e  p r e c i p i t a t i o n  l i n e s  

i m p o s s i b l e .  

The q u a l i t y  o f  t he  a n t i b o d i e s  p r e p a r e d  was a l s o  assessed  by 

means o f  d o u b l e  a n t i b o d y  sandw ich  RZA. T h i s  method,  t o o ,  uses 

no rma l  serum o r  c o l o s t r u m  as the  sou rce  o f  a n t i g e n .  We presumed 

t h a t  c l a s s - s p e c i f i c  a n t i b o d i e s  bound to  the  m i c r o t u b e  w a l l s  wou ld  

r e a c t  o n l y  w i t h  i m m u n o g l o b u l i n s  o f  one c l a s s  on i n c u b a t i o n  w i t h  

t he  serum. The b i n d i n g  o f  t hese  i m m u n o g l o b u l i n s  wou ld  be demon- 

s t r a t e d  by 1 2 5 I - l a b e l l e d  a n t i b o d i e s ,  The a c t l v i t y  d e m o n s t r a t e d  

i n  w e l l s  i n c u b a t e d  r e p e a t e d l y  w i t h  s o l u t i o n s  o f  a n t i b o d i e s  o f  

t he  same c l a s s  s p e c i f i c i t y  wou ld  be s i g n i f i c a n t l y  h i g h e r  t han  

t h a t  found  i n  w e l l s  i n c u b a t e d  w i t h  a n t i b o d i e s  o f  d i f f e r e n t  c l a s s  

s p e c i f i c i t y ,  I n  ou r  e x p e r i m e n t s  t h i s  p r e s u m p t i o n  was c o n f i r m e d  

( F i g .  4) and the  a c t i v i t i e s  f o r  s a m e - c l a s s  were as much as 23 .1  

t o  g 3 , 9  t i m e s  h i g h e r  t han  f o r  d i f f e r e n t - c l a s s  s p e c i f i c i t y .  I n  RIA 

d e m o n s t r a t i o n  o f  a n t i - v i r u s  a n t i b o d i e s  u s i n g  t r i p l i c a t e  d e t e r m i -  

n a t i o n s ,  even a d o u b l e  i n c r e a s e  i n  a c t i v i t y  as compared w i t h  

c o n t r o l  samples was r ega rded  as h i g h l y  s i g n i f i c a n t  (Rod&k e t a l , ,  

19810 1982) .  A n t i b o d i e s  t h a t  p roved  s a t i s f a c t o r y  by t h i s  method 

can t h e r e f o r e  a l s o  be rega rded  as c l a s s - s p e c i f i c ,  A f t e r  l a b e l l i n g  

w i t h  r a d i o a c t i v e  i s o t o p e s  or  c o n j u g a t i o n  w i t h  enzyme such a n t i -  

b o d i e s  can be used even f o r  r a d i o -  and e n z y m o i m m u n o l o g i c a l  

s t u d i e s .  T h e i r  u s e f u l n e s s  was c o n f i r m e d  i n  a s t u d y  by RIA o f  the  

dynamics  o f  t he  p r o d u c t i o n  o f  c l a s s - s p e c i f i c  a n t i v i r a l  a n t i b o d i e s  

i n  c a t t l e  (Rod~k e t a l . ,  1983) .  
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