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Studies  on the Sens i t iv i ty  of E lec trosyneres i s  

The possibi l i ty  of de tec t ing  minu te  a m o u n t s  of ant igens  
is a cur ren t  p rob lem in the  field of i m m u n o c h e m i s t r y  
nowadays .  Immuno-e lec t rophores i s  is the  mos t  f r equen t ly  
used m e t h o d  for th is  purpose.  'Counte r -cur ren t '  immuno-  
e lec t rophores i s t  and  'cross over  immuno-e lec t rophores i s ' ,  
originally d e n o m i n a t e d  as e lectrosyneresis  2 ~, are also 
of ten  used as rapid  e lect rophoret ic  and immunologica l  
methods .  These me thods  exploi t  the  ca thodic  electro- 
endosmot ic  flow of the  an t ibodies  to  t h row t h e m  in the  
p a t h  of ant igens  hav ing  a h igher  mobi l i ty  t h a n  the  pre- 
cipitins.  The dif f icul ty  of employing  ant igens  hav ing  a 
mobi l i ty  as low as t h a t  of the  IgG ant ibodies  m a y  be 
overcome by  chemical ly  modi fy ing  the  charge of the  
ant igens  e. 

Elec t rosyneres is  as a s imple and sensi t ive m e t h o d  is 
used for de tec t ing  virus ant igens  ~,s and also for the  
analysis  of d i f fe ren t  blood spots  9. I t  could be successfully 
employed  also for the  de tec t ion  of r ibonucleopro te in  
ant igen c o m p o n e n t s  10. However ,  the  resul ts  ob ta ined  
were somet imes  uncer ta in .  In  some cases, only immuno-  
electrophoresis ,  in o thers  only electrosyneresis  gave posi- 
t ive  results.  Therefore,  the  sens i t iv i ty  of e lectrosyneresis  
has  been inves t iga ted ,  compar ing  it wi th  t h a t  of immuno-  
electrophoresis  to de te rmine  the  range of an t i gen -an t i b o d y  
rat ios  in which  one or the  o ther  of t h e m  could be more  
successfully used. 

Materials and methods. Puri f ied  h u m a n  serum a lbumin  
(HSA) (Lot. 670312/K, Human ,  Budapes t )  was  used as 
ant igen.  As impur i ty ,  an e-globulin was de tec ted  in th is  
p repara t ion  by  immuno-e lec t rophores is .  However ,  only 
the  H S A - a n t i b o d y  reac t ion  was evaluated.  

Two types  of i m m u n e  sera:  h y p e r i m m u n e  horse  serum 
prec ip i t a t ing  the  h u m a n  serum prote ins  (artS) (No. 249, 
Human ,  Budapes t )  and an individual  r abb i t  ant i  H S A  
imm une  serum (aHSA) were tested.  The an t i body  con ten t  
of the  im m une  sera was control led by  quan t i t a t i ve  pre- 
cipi tat ion.  The equiva len t  an t igen  concen t ra t ions  for b o t h  
of the  imm une  sera were near ly  the  same (500 and 625 
~g/ml, resp.). 

Twofold di lut ions of 1% H S A  were p repared  up to  
the  di lut ion of 2 ~0. These were examined  at  d i f ferent  
levels of the  i m m u n e  sera (from undi lu ted  sera up to a 
di lut ion of 1 : 128). E v e r y  p ropor t ion  was inves t iga ted  a t  
least  twice. 4 ml  of 1% mel ted  agar solut ion were poured  
on slides. Sodium veronal  buffer  was used (i.e. 0.05, 
p H  8.2). E lec t rophores i s  was carried out  a t  4 V /cm for 2 h. 

For  e lectrosyneresis  2 oblong reservoirs  were cut  a t  a 
d is tance  of 16 m m  from each o ther  (2• 16 mm).  The 
longi tudinal  axes were parallel  to each o ther  and  per- 
pendicular  to the  direct ion of e lectrophoresis  (Figure 2a). 
The well nearer  to the  anodic  end of the  p la te  was filled 
wi th  0.025 ml i m m u n e  serum dilution, the  o ther  wi th  
the  same volume of an ant igen dilution.  Bo th  subs tances  
were mixed  wi th  an equal volume of 2% mol ten  agar  
a t  45~ pr ior  to  filling up the  wells. Dur ing  electro- 
phoresis  the  t ime  of appearance  of the  prec ip i ta tes  and 
somet imes  also the i r  dissolving were observed.  The 
e s t ab l i shmen t  of pos i t iv i ty  and the  m e a s u r e m e n t  of the  
d is tance  of the  lines f rom the  immune  serum reservoir  
was made  on slides s ta ined wi th  amidoblack.  

In  the  e lec t rophore t ic  prepara t ions ,  the  same a m o u n t  
of H S A  was p ipe t t ed  into the  an t igen  wells. As m u c h  
as 0.25 ml of i m m u n e  serum was measured  into t he  
3•  57 m m  t roughs  when  the  e lectrophoresis  was ter-  
mina ted .  The slides were washed  af ter  incuba t ion  for 
18 h. The spot- l ike t races  of s ta ins  were also t aken  for 
posi t ive react ions.  

Results. In  the  H S A - a H S  sys t em it could be s t a t ed  
(Figure 1) tha t ,  when  employ ing  undi lu ted  i m m u n e  
serum, less H S A  could be de tec ted  by  electrosyneresis .  
Using higher  di lut ions of the  i mmu n e  serum, the  zone 
of pos i t iv i ty  in e lectrosyneresis  nar rows;  and  as long as 
the  cur ren t  was on, the  prec ip i ta te  d i sappeared  or d id  
no t  even appear .  At  th is  an t i b o d y  level, the  i mmuno-  
e lectrophoresis  still gave posi t ive  react ions  in a wide 
range of an t igen  dilutions.  At  1:128 i mmu n e  serum 
dilution,  no prec ip i ta te  could be observed by  electro- 
syneresis,  while spots  of p rec ip i ta te  could be de tec ted  
by  immuno-e lec t rophores is .  
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Fig. 1. Comparison of the sensitivity of electrosyneresis and iTnmuno- 
eleetrophoresis. 
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Fig. 2. Scheme of the method used for identifying the precipitates 
in eleetrosyneresis. (1) Electrosyneresis. (2) Application of reference 
immune serum. (3) The possible results, (a) positive reaction only 
by immuno-electrophoresis, (b) identity reaction of the 2 methods, 
(c) positive reaction only by electrosyneresis. 
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Immune serum Dilutions of 1% HSA solution 
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Electrosyneresis. Localization of the precipitation lines at different antibody levels. Experiments 670,711 and 670,726. ~ The logarithms based 
to 2 of the dilutions of the HSA solution, b Distance in millimetres of the precipitation lines from the immune serum reservoir. The underlined 
results were obtained at nearly equivalent ratios. 

P e r f o r m i n g  t he  e x p e r i m e n t s  u n d e r  the  same  cond i t ions  
w i t h  r a b b i t  a H  SA i m m u n e  serum,  t he  resu l t s  were a l m o s t  
iden t i ca l  (Figure lb ) .  T he  h ighe r  s ens i t i v i ty  of electro-  
syneres is  a t  low d i lu t ions  of t h e  i m m u n e  se rum (1.22 [~g 
c o m p a r e d  w i t h  19.5 ~g) was observed .  A t  1 :64  a H S A  
d i lu t ion  on ly  t h e  immuno-e l ec t rophore s i s  gave  pos i t ive  
reac t ion .  

Us ing  e lec t rosyneres is  i t  is d i f f icul t  to  i den t i fy  t he  
p r ec ip i t a t i on  lines. W e  t r i ed  to  do th i s  b y  obse rv ing  t he  
pos i t ion  of t he  lines. Th i s  was  impossible ,  because  t h e i r  
d i s t ance  f rom t h e  wells changed  w i t h  t h e  change  of t he  
a n t i g e n - a n t i b o d y  ra t io  (Table).  A t  an  a n t i b o d y  excess, 
t he  l ine was s i t u a t e d  nea r  to  t h e  a n t i g e n  reservoir .  I n  t he  
zone of an t i gen  excess, i t  a p p e a r e d  n e x t  to  the  i m m u n e  
se rum well. A t  e q u i v a l e n t  a n t i g e n - a n t i b o d y  rat ios,  t he  
s i te  of t h e  l ine was  s t rong ly  in f luenced  b y  t he  or ig in  of 
t he  i m m u n e  serum.  I t  m a y  be  t h a t  th i s  m e t h o d  would  
be  useful  to  i den t i fy  t h e  i m m u n o g l o b u l i n  t y p e  of t he  
a n t i b o d y  s tudied .  A t  r a t ios  a t  wh ich  t he  p rec ip i t a t e  
seemed to  dissolve a f te r  i t s  appea rance ,  a wide zone of 
p r ec ip i t a t e  was  o f t en  ob ta ined .  

A n o t h e r  m e t h o d  p r o v e d  to  be  successful  in  i den t i fy ing  
t he  p rec ip i t a t e s  b y  e lectrosyneresis .  Af te r  pe r fo rming  
electrosyneresis ,  such  t r o u g h s  as are used in i m m u n o -  
e lec t rophores i s  were cu t  a long  t h e  l ong i t ud i na l  side of 
the  slides (Figure  2c). These  were filled w i t h  t h e  same  

or some o the r  i m m u n e  serum.  I n  t he  pos i t i v i t y  zone of 
b o t h  me thods ,  a n  i d e n t i t y  r eac t ion  could  be  o b t a i n e d  
be tween  t he  2 l ines (Figure 2c). The  impur i t i e s  of t he  
H S A  so lu t ion  used  could be  de tec ted  on ly  as a l ine in  
t he  e lec t rosyneres is  p a r t  of t he  slide, and  a t  h igh  an t i gen  
excess, t he  H S A  on ly  b y  immuno-e lec t rophores i s .  

These  e x p e r i m e n t s  show t h a t ,  a t  h igh  a n t i b o d y  con- 
cen t ra t ion ,  e lec t rosyneres is  m a y  h a v e  an  a d v a n t a g e  over  
immuno-e l ec t ropho re s i s  for t he  de t ec t ion  of m i n u t e  
a m o u n t s  of an t igens .  D i lu t ed  i m m u n e  se rum gives some-  
t imes  pos i t ive  resu l t s  o n l y  in immuno-e lec t rophores i s .  
I t  is of some in t e r e s t  t h a t  t h e  sens i t i v i ty  of electro-  
syneres is  seems to  be  i n d e p e n d e n t  of t he  a n t i b o d y  level. 
Fo r  de t ec t ing  as m a n y  c o m p o n e n t s  of a g iven  an t i gen  
so lu t ion  as possible,  i nves t iga t ions  m a d e  w i t h  b o t h  these  
m e t h o d s  are r e c o m m e n d e d .  

Zusammen/assung. B e i m  m e t h o d i s c h e n  Vergle ich  der  
E lek t rosynerese  m i t  der  E l e k t r o p h o r e s e  wurde  festgestel l t ,  
dass  bei  h o h e r  A n t i k 6 r p e r k o n z e n t r a t i o n  die Me thode  der  
E lek t rosyne rese  v o n  Vor te i l  ist. 

K. MER1~TEY 

'Frdddric doliot-Curie' National Research Institute 
/or Radiobiology and Radiohygiene, 
Budapest 22 (Hungary), 5 December 1968. 

Induction in Rabbits of Reverse-Type, Immediate Skin Reaction by Specific Anti-Rabbit IgG and 
Anti-Rabbit IgA 

H o m o c y t o t r o p i c  a n t i b o d y  capab le  of evok ing  PCA- 
or P - K - t y p e  reac t ions  in  homologous  skin,  was  descr ibed  
in r a b b i t s  i m m u n i z e d  w i t h  h a p t e n - c o n j u g a t e d  p ro te ins  1, 2 
or in fec ted  w i t h  va r ious  n e m a t o d e s  8. 

T h e  homologous  sk in-sens i t iz ing  a c t i v i t y  was a t t r i b u t e d  
to  va r ious  r a b b i t  i m m unog l obu l i n s .  Such  a c t i v i t y  was 
found  to  be  assoc ia ted  w i t h  a m i n o r  7S IgA a n t i b o d y  
c o m p o n e n t  in  h y p e r i m m u n e  sera  ~ or w i t h  an  i m m u n o -  
g lobul in  p r e sen t  in ' ea r ly '  i m m u n e  sera  wh ich  differs  
f rom IgG  in  i t s  f as te r  e lec t rophore t i c  mobi l i ty ,  g r ea t e r  
s e d i m e n t a t i o n  coefficient,  i t s  t h e r m o l a b i l i t y  and  i ts  sen- 
s i t i v i t y  to  m e r c a p t o e t h a n o l  1. 

S tud ies  car r ied  ou t  in  th i s  l a b o r a t o r y  4 h a v e  shown  
t h a t  hyd roco r t i sone -hemisucc ina t e ,  w h e n  coupled  to  bo-  
v ine  s e rum a l b u m i n  a n d  in jec ted  i n t r a d e r m a l l y  in to  r ab -  
b i t s  t o g e t h e r  w i t h  t he  comple t e  F r e u n d ' s  a d j u v a n t ,  
elicits t h e  f o r m a t i o n  of hap ten-spec i f i c  h o m o c y t o t r o p i c  
an t ibod ie s  of 2 k inds :  a n  ' ea r ly '  a n t i b o d y  which  seems 
to  compr i se  a subclass  ( 'ylG')  of IgG, a n d  a l a t e r  h o m o -  
cy to t rop i c  a n t i b o d y  wh ich  is p r o b a b l y  a n  IgA i m m u n o -  
globul in .  A f u r t h e r  f ind ing  was t h a t  non-specif ic  n o r m a l  
r a b b i t  'FIG' is c apab l e  of i n h i b i t i n g  t he  P - K  t y p e  r eac t ion  
o b t a i n e d  w i t h  ' ea r ly '  h o m o c y t o t r o p i c  an t i body .  

I n  guinea-pigs  i t  has  b e e n  es t ab l i shed  t h a t  i m m u n o -  
globulin,  of t h e  class to  wh ich  sk in-sens i t iz ing  a n t i b o d y  
belongs,  b locks  pass ive  sens i t i za t ion  w i t h  an  a n t i b o d y  
a n d  pass ive ly  sensi t izes t he  skin  for reverse  PCA re- 
ac t ion  5. 

R e c e n t l y  ISHIZAKA et al. e h a v e  d e m o n s t r a t e d  a specific 
r eac t ion  in h u m a n  or m o n k e y  skin  in jec ted  i n t r a d e r m a l l y  
w i t h  serial  d i lu t ions  of a n t i - h u m a n  IgE,  b u t  no t  w i t h  
a n t i - h u m a n  IgG,  IgM or IgD.  These  resul t s  are  in  
a g r e e m e n t  w i t h  t h e  k n o w n  reagin ic  a c t i v i t y  of I gE  an t i -  
b o d y  a n d  w i t h  t h e  i n h i b i t i n g  capac i ty  of t he  same im- 
m u n o g l o b u l i n  on  t he  P - K  r eac t i on  7, 8. 

I n  t he  p r e s e n t  s t u d y  6 normal ,  r a n d o m l y  b red  wh i t e  
r a b b i t s  (2.5 kg  each)  were f i rs t  i n j ec ted  i.v. w i th  2 ml  
of a 2% E v a n s  b lue  so lu t ion  and  t h e n  i n t r a d e r m a l l y  
w i th  0.1 ml  samples  of t h e  a p p r o p r i a t e  d i lu t ions  of spe- 
cific an t i s e r a  aga in s t  r a b b i t  IgO, IgM a n d  colostra l  IgA 
respect ively .  I n  cases of pos i t ive  reac t ion ,  a b lue  spot  
appea red  a t  t h e  s i te  of in ject ion.  The  b lue ing  was recorded  
a f t e r  30 min.  I t s  i n t e n s i t y  was  a rb i t r a r i l y  g raded  as + + + ,  
+ + ,  + ,  -r a n d  --. 

The  specific a n t i - r a b b i t  i m m u n o g l o b u l i n  sera were 
p r e p a r e d  in t h e  fol lowing way.  Goa t  a n t i - r a b b i t  IgG 9 


