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A method of s e n s i t i z i n g  s h e e p ' s  e r y t h r o c y t e s  with p r o t e i n s  b a s e d  on the u se  of  a s tab le  t e t r a -  
zonium sa l t  i s  sugges ted .  A f t e r  f ixat ion of  p r o t e i n  to t hem by means  of  a cova len t  azo-bond,  
the  e r y t h r o c y t e s  can be u s e d  in the  l oca l  p a s s i v e  h e m o l y s i s  t e s t  for  the de t ec t ion  of  r abb i t  
o r  mouse  sp leen  c e l l s  s e c r e t i n g  ant ibodies  aga ins t  p r o t e i n  ant igens .  A new type of  h e m o l y s i s  
known as  " a g g r e g a t e  h e m o l y s i s , "  i s  a lso  d e s c r i b e d .  

Loca l  h e m o l y s i s ,  which has  been  sugges t ed  fo r  the quant i ta t ive  e n u m e r a t i o n  of c e l l s  s e c r e t i n g  h e m o -  
l y s i n s  [11, 12], has  a lso  p r o v e d  usefu l  for  the de tec t ion  of  c e l l s  f o rming  an t ibodies  aga ins t  c e r t a i n  p o l y s a c -  
c h a r i d e - e o n t a i n i n g  p r o t e i n  ant igens  [5-8, 10, 13]. However ,  the technique  of s ens i t i z ing  e r y t h r o c y t e s  with 
p r o t e i n  ant igens  r e q u i r e s  s i m p l i f i c a t i o n  and s t a n d a r d i z a t i o n .  Azo-coup l ing  with the aid of the s t ab le  t e t r a -  
zo ta te  of 4 , 4 ' - d i a m i n o d i p h e n y l a m i n e  was chosen  as a s i m p l e  and r e l i a b l e  method of f ixat ion of p r o t e i n  to 
e r y t h r o c y t e s  in th i s  inves t iga t ion .  The e f f ec t i venes s  of the u se  of a s tab le  t e t r a z o n i u m  sa l t  was d e m o n -  
s t r a t e d  p r e v i o u s l y  in the w r i t e r s '  l a b o r a t o r y  dur ing  s y n t h e s i s  of  an a n t i b o d y - s o r b e n t  [1] and dur ing  the 
deve lopmen t  of the a g g r e g a t e - h e  magglu t ina t ion  method [2-4]. 

The ob jec t  of the p r e s e n t  i nves t iga t ion  was to d e t e r m i n e  the op t imal  condi t ions  fo r  p r o t e i n  s e n s i t i z a -  
t ion of the e r y t h r o c y t e s  used  in the l oca l  p a s s i v e  h e m o l y s i s  t e s t  in model  e x p e r i m e n t s  and with l ymphocy te s  
of immune  r abb i t s  and mice .  

The p roduc t  Diazol  B lack  S (DBS), the ac t ive  p r i n c i p l e  of which is  4 , 4 ' - d i a m i n o d i p h e n y l a m i n e  t e t r a -  
zo ta te ,  was  used  as the s t ab le  t e t r a z o n i u m  sal t .  This  is  a pa s t e ,  s t a b i l i z e d  with z inc  ch lo r ide ,  manufac -  
t u r e d  by  the Dorogomi lovo  Chemica l  F a c t o r y ,  Moscow, and i t  i s  equ iva len t  to E c h t s c h w a r z  B. [6]. Before  
use  the DBS p a s t e  is  d r i e d  at 18-20°C, dur ing  which i t  i s  cove red  with a shee t  of c h r o m a t o g r a p h i c  p a p e r  
and a shee t  of b l ack  p a p e r ,  and then i t  i s  c a r e f u l l y  ground a l i t t l e  at a t i m e  in a d ry  p o r c e l a i n  m o r t a r ,  t ak ing  
c a r e  to avoid loca l  overhea t ing .  The r e s u l t i n g  fine g r e e n  powder  i s  s t o r e d  in a dark ,  d ry  p l a c e  away f rom 
hea t ing  dev i ce s  in a d a r k  bot t le .  

To 50 mg DBS in a dry,  cooled  tube 5 ml of cold  (4 °) p h y s i o l o g i c a l  s a l ine  was added, the suspens ion  
was shaken  v i g o r o u s l y  to mix  it,  and in o r d e r  to r emove  inso lub le  p a r t i c l e s  i t  was f i l t e r e d  through one l a y e r  
of  c h r o m a t o g r a p h i c  p a p e r  in a cooled  tube.  The t r a n s p a r e n t  ye l low f i l t r a t e ,  with an ac id  r eac t ion ,  was  used  
not l a t e r  than 5-10 min  a f t e r  p r e p a r a t i o n ,  in an a lka l ine  med ium the c o l o r  of the f i l t r a t e  b e c o m e s  red ,  and 
in the absence  of an ob jec t  for  a z o - c o u p l i n g  the t e t r a z o t a t e  i s  p r e c i p i t a t e d .  To e n s u r e  s t ab i l i t y  of the cond i -  
t ions ,  i t  i s  adv i sab le  to t ake  a cons tan t  weight  of DBS and volume of so lu t ion  and to u se  a f i l t e r  of i den t i ca l  
s i z e  and qual i ty .  
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Fig.  1. De te rmina t ion  of sens i t iv i ty  of 
the local  pas s ive  hemolys i s  t es t  in  gel 
by the c o m p l e m e n t -  antibody c o u n t e r -  
diffusion method. Top row: wel ls  con-  
ta in  complemen t  (1:2); bot tom row: 
s e r i a l  1:1 di lut ions of rabb i t  a n t i s e r u m  
agains t  ttGG added f rom left  to r ight  to 
wells .  Gel on sl ide conta ins  sheep ' s  
e ry th rocy tes  sens i t i zed  with HGG. T r a n s -  
lucency ot  opaque gel between wells  c o r -  
responds  to zones of hemolys i s .  The 
wells  on ex t r eme  top and bot tom contain 
physiological  sal ine.  

Human s e r u m  a lbumin  (HSA), sepa ra ted  by p r e c i p i t a -  
t ion  with alcohol, o r  ho r se  ~/ globulin (HGG}, i so la ted  by c h r o -  
matography on DEAF.-ce l lu lose* ,  was used  as antigen. To 
i m m u n i z e  rabbi t s  and mice  the ant igens  were  used e i the r  in  
the soluble fo rm or  as the inso luble  product  obtained by po ly -  
condensa t ion  of the p ro t e in  by means  of DBS. F r e s h l y  thawed 
guinea  pig s e r u m  was used  as the source  of complement .  
Native sheep ' s  e ry th rocy te s  were  kept in  A l s e v e r ' s  solut ion 
at 4 °. An ass  a n t i s e r u m  aga ins t  r abb i t  g lobul ins  was heated 
to 56 ° for  30 min and then abso rbed  with sheep ' s  e ry th rocy tes ;  
af ter  addit ion of mer th io la te  (1:10,000) i t  was used  in  a d i lu -  
t ion of 1:300 (2.5 ml p e r  dish}. All  the work was done with 
the s ame  batch of ant ig lobul in  s e rum,  obtained in the e a r l y  
pe r iods  af ter  immuniza t ion .  

F o r  the local  hemolys i s  t es t  on P e t r i  d ishes ,  750 mg 
of agarose  powder was mixed in  a conical  f lask with 100 ml 
HanksVs medium, p r e p a r e d  f rom a concen t ra te  of 10 t i me s  
the n o r m a l  s t rength,  and mel ted on a boi l ing wa te r  bath. The 
f lask was closed by a s topper  fitted with an a i r  condense r  
cons i s t ing  of a g lass  tube 50 cm long. To neu t r a l i z e  the 
comple te ly  l iquefied agarose  2-3 drops  of 5% sodium b i c a r -  

bonate solut ion were added unt i l  the medium was pale  pink in color.  Liquid ngarose  was poured into P e t r i  
dishes  (Orion} in  vo lumes  of 4 ml, and the dishes  were  kept on a hor izonta l  sur face  unt i l  the l iquid had set. 
E ry th rocy tes  were  then added to the r equ i r ed  vo lume of 0.75% agarose  (made up in  Hanks ' s  solution,  pH 7, 
by mel t ing  and then cool ing to 45 ° on a water  bath) at the ra te  of 70 mi l l ion  cel ls  (or 0.035 ml of a 20% s u s -  
pension} to 1 ml of the agarose  solution. The mixture  was poured into t e s t  tubes,  2 ml into each, on a wa te r  
bath at 45 °. To each tube 0.1 ml of a suspens ion  of spleen ce l l s  was added and the contents  were  ca re fu l ly  
mixed and rapid ly  poured out on to the solid l aye r  of ngarose  in the P e t r i  dishes  or  on to a sl ide.  To p r e -  
vent  spontaneous lys i s  the sens i t i zed  e ry th rocy tes  mus t  be kept at 45 ° for  not more  than 30 min. Dishes with 
a solidif ied upper  l aye r  containing e ry th rocy tes  and the cel ls  to be tes ted  were incubated for 1 h at 37°C 
and, if neces sa ry ,  for  a fu r the r  1 h with ant iglobul in  s e r u m ,  which was washed off with physiological  sal ine,  
and then incubated for 1 h at 37 ° with 2.5 m_l complemen t  (1:10). Local  hemolys i s  in  medium without gel 
[8] was c a r r i e d  out in a shallow chamber ,  the edges of which were  sealed with pe t ro leum je l ly  and a mix -  
tu re  of paraf f in  and wax. 

To de te rmine  the sens i t iv i ty  of the hemolys i s  t es t  in  the model expe r imen t  on P e t r i  d i shesf l  d rops  of 
se r ia l  1:1 di lut ions of a n t i s e r u m  were  applied to the l a ye r  of agarose  containing sens i t i zed  e ry th rocy te s  
(without lymphocytes) ,  and incubat ion was c a r r i e d  out for  1 h at 37 °. The sur face  of the gel was washed 
once with physiological  sa l ine ,  and af ter  incubat ion  with complement  (1:10) the a n t i s e r u m  t i t e r  giving c l a r i -  
f icat ion of the gel was de te rmined .  To de te rmine  sens i t iv i ty  in  tes t  tubes,  2 ml of 1:1 di lut ions of a n t i s e r a  
in Hanks ' s  medium without b ica rbona te  was t r ea ted  with 0.1 ml of f r e sh ly  thawed complemen t  (1:2) and 0.04 
ml of a 15% suspens ion  of sens i t i zed  e ry throcytes .  Af ter  incubat ion for 1 h at 37 ° the degree  of lys i s  was 
measu red  on a photoelec t r ic  c o l o r i m e t e r  fi t ted with a red f i l ter .  

By vary ing  the condit ions of t r e a t m e n t  of the e ry th rocy tes  and a iming  at a combinat ion  of m a x i m u m  
sens i t iv i ty  of the hemolys i s  tes t  and s tabi l i ty  of the r e su l t i ng  e ry throcy tes ,  the following method of s e n s i -  
t iza t ion  was chosen.  

A cold f resh ly  p repa red  solut ion on DBS was added in i n c r e a s i n g  amounts  to a s e r i e s  of centr i fuge 
tubes  each containing 1 ml of 1% p ro t e in  solut ion (HGG or  HSA) in 0.11 M phosphate buffer ,  pH 7.4, con ta in -  
ing 0.9% sodium chlor ide solut ion ( tempera ture  about 20°). Depending on the act ivi ty of the DBS batch,  
f rom 0.05 to 0.5 ml  of a 0.5-1% solut ion of DBS was taken;  a dose leading to opa lescence  of the p ro te in  
solut ion is  not used.  The min ima l  dose of DBS to give maximal  sens i t iv i ty  of the hemolys i s  test ,  which is 
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The p rocedure  of the model expe r imen t  in P e t r i  dishes  was r ecommended  by L. A. Pevni t sk i i ,  to whom 
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subsequen t ly  d e t e r m i n e d  in a model  e x p e r i m e n t  unde r t aken  e i t h e r  on d i shes ,  in tubes ,  o r  on a s l ide  (see 
below), i s  taken  as  op t imal .  In e x p e r i m e n t s  with ba tch  No. 7 of  1964 DBS f r o m  the Dorogomi lovo  Chemica l  
F a c t o r y  the d e s i r e d  dose  was 0.1 ml of  a 1% so lu t ion  of DBS to 1 ml of i% HGG solu t ion  o r  0.2 ml  of 1% 
DBS solu t ion  to 1 ml of 1% HSA solut ion.  Af t e r  addi t ion  of the DBS to the p r o t e i n  and mix ing  for  30 sec ,  
0.2 ml of the  r e s i d u e  of  na t ive  s h e e p ' s  e r y t h r o c y t e s  ( p r e l i m i n a r i l y  washed  t h r e e  t i m e s  with phys io log i c a l  
sal ine)  was  added to the mix tu re  in each  cen t r i fuge  tube,  the contents  we re  mixed  and incubated  for  90 min 
at 37 °, a f t e r  which the b rown  r e s i d u e  of e r y t h r o c y t e s  was  washed  five t i m e s  with 8-10 ml phys io log i c a l  
sa l ine .  Next,  in a model  e x p e r i m e n t ,  the  op t ima l  dose  of DBS was chosen,  and a l a r g e  ba tch  of s e n s i t i z e d  
e r y t h r o c y t e s  was p r e p a r e d  f rom i t  by the method spec i f i ed  above. The e r y t h r o c y t e s  we re  then p r e s e r v e d  in 
A l s e v e r ' s  solut ion.  To do th is ,  the r e s i d u e  of  e r y t h r o c y t e s ,  washed with phys io log i ca l  sa l ine ,  was suspended  
in 20 vo lumes  of A l s e v e r ' s  so lu t ion  and u sed  dur ing  a p e r i o d  of 10 days  while be ing  s t o r e d  at 4 °, unt i l  a zone 
of spontaneous  h e m o l y s i s  a p p e a r e d  above the r e s i d u e  of  the p r e s e r v e d  e r y t h r o c y t e s .  Before  use  the e r y -  
t h r o c y t e s  were  washed  t h r e e  t i m e s  with p h y s i o l o g i c a l  sa l ine  and made up into a 20% suspens ion  In Hanks ' s  
med ium o r  in med ium No. 199. 

In the i n t e r e s t s  of economy with c o m p l e m e n t  and to obta in  a c l e a r  end point  of  t i t r a t i o n  when d e t e r -  
mining the s e n s i t i v i t y  of  the h e m o l y s i s  t e s t ,  a new technique  was deve loped  for  the model  e x p e r i m e n t :  
counte rd i f fus ion  of  c o m p l e m e n t  and an t ibodies  in gel  conta in ing s e ns i t i z e d  s h e e p ' s  e r y t h r o e y t e s  (Fig. 1}. 
This  technique enab le s  c l e a r  c i r c l e s  of t r a n s l u c e n c y  to be  ob ta ined  in the gel ,  l ike  p r e c i p i t a t i o n  l ines  in the 
immunodi f fus ion  method,  while r educ ing  the consumpt ion  of complemen t .  

A s e p a r a t e  s e r i e s  of p r e l i m i n a r y  e x p e r i m e n t s  showed that  s h e e p ' s  e r y t h r o c y t e s ,  a f te r  s e ns i t i z a t i on  
with a g g r e g a t e d  a n t i s e r u m  p r o t e i n s ,  undergo  l y s i s  in the p r e s e n c e  of homologous  ant igen and complemen t .  
A pos i t i ve  r e s u l t  was obta ined  in model  e x p e r i m e n t s  with e r y t h r o c y t e s  coa ted  with p r o t e i n s  of ass  an t i -  
r abb i t  s e r u m ,  po lycondensed  [2] with 4 , 4 ' - d i a m i n o d i p h e n y l a m i n e  t e t r a z o t a t e ,  when n o r m a l  r abb i t  s e r u m  was 
used  as  the sou rce  of  ant igens .  Addi t iona l  (before complement )  t r e a t m e n t  of the  gel  conta ining antigen and 
s e n s i t i z e d  e r y t h r o c y t e s  with nat ive,  nonpolycondensed ,  a s s  a n t i s e r u m  I n c r e a s e d  the s ens i t i v i t y  of  the h e m o -  
l y s i s  t es t .  The act ion of a s s  a n t i s e r u m  in th is  c a se  i s  ev iden t ly  l ike  the ef fec t  of ant iglobulin.  The v a r i a n t  
of the p a s s i v e  h e m o l y s i s  t e s t  d e s c r i b e d  above may  ev iden t ly  be su i tab le  for  the de tec t ion  of individual  ce l l s  
s e c r e t i n g  d i f fe ren t  an t igens .  

Ac t iv i ty  of the e r y t h r o c y t e s  s ens i t i z ed  with ant igen  was t es ted ,  not only in model  e x p e r i m e n t s  , but 
a l so  in e x p e r i m e n t s  with su spens ions  of sp leen  c e l l s  of immune  a n i m a l s .  Spleen c e l l s  taken f rom r a bb i t s  
on the four th  day a f t e r  r e i m m u n i z a t i o n  gave 3-12 p laques  p e r  10 e nuclea ted  c e l l s  with nat ive  sheep , s  
e r y t h r o c y t e s  (the background) .  The nun~ber of p laques  with c e l l s  of the s a m e  sp leens ,  when the t e s t  was 
c a r r i e d  out with e r y t h r o c y t e s  s ens i t i z ed  with HGG, without  incubat ion with ant iglobul in ,  was f rom 30 to 
900 p e r  106 c e l l s  fo r  d i f f e r en t  r abb i t s ,  and with incubat ion with an t ig lobul in  [9, 141 s e r u m  it  was ~rom 400 
to 62,500 p e r  106 c e l l s .  The number  of immune  c e l l s  s e c r e t i n g  an t ibodies  a g a i n s t  HGG thus r eached  6% of 
the to ta l  number  of nuc lea ted  sp leen  c e l l s  in some  r a b b i t s .  The spec i f i c i ty  of the  t e s t  was con f i rmed  by 
inhibi t ion of p laque  f o r m a t i o n  on addi t ion  of homologous  ant igen.  Specif ic  p laques  a l so  w e r e  obtained in 
the c a s e  of i m m u n i z a t i o n  of a r abb i t  s imu l t aneous ly  with HSA and HGG. S i m i l a r  r e s u l t s  a l so  we re  obtained 
if the  d i shes  w e r e  r e p l a c e d  by s l i d e s  o r  by shal low c h a m b e r s ,  but  the addi t ion  of an t ig lobul in  to the s h a l -  
low c h a m b e r  s i m u l t a n e o u s l y  with c o m p l e m e n t  inhibi ted plaque fo rmat ion .  In t e s t s  with m o u s e  sp leen  c e l l s  
spec i f ic  p laques  a l so  w e r e  obtained,  bu t  t h e y w e r e  fewer  in number  and t h e r e  was c o n s i d e r a b l e  s c a t t e r  in 
the  number  of ac t ive  c e l l s .  

The use  of a s tab le  t e t r a z o n i u m  sa l t  for  s e n s i t i z a t i o n  of e r y t h r o c y t e s  thus  enab le s  s tab le  s ens i t i ve  
e r y t h r o c y t e s ,  su i t ab le  fo r  u se  in the l oca l  p a s s i v e  h e m o l y s i s  t e s t ,  to be obta ined v e r y  s i m p l y  and unde r  
e a s i l y  con t ro l l ab l e  condi t ions .  
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