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Changes in affinity of antigen-binding receptors  of lymphocytes for  dinitrophenol (DNP) 
were studied during the p r imary  immune response in CBA mice.  The process  was evalu- 
ated by the method of inhibition of rose t te  format ion with D N P -  ovalbumin--sheep 's  red ceils 
complex by hapten (DNP-e- lys ine ) .  An increase  in affinity of immunoglobulin receptors  on 
the lymphocyte sur face  for  DNA was shown, s tar t ing f rom the 10th day after  immunization. 
The question of the role of affinity and density of receptors  on the sur face  of the immunocyte 
is discussed.  
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One of the important charac te r i s t i c s  of an antibody and antibody-like receptor  on the lymphocyte 
surface  is its affinity. The affinity of antibodies increases  inthe course  of p r imary  immune response [5]. 
An increase  in affinity of antibodies af ter  immunization is due to prol iferat ion predominantly of p r e c u r s o r  
ceils with high affinity [31. 

The investigation of recep tors  on the surface of the B lymphocyte for  dinitrophenol (DNP) conjugated 
with human y globulin (HGG) and for  NNP* - H G G  has shown that their  affinity increases  during the p r imary  
immune response paral lel  with an increase  in affinity of the se rum antibodies, whereas the affinity of r e -  
ceptors  of the T cells is unchanged [7]. There  is evidence [11] to show that the affinity of receptors  of B 
and T ceils for  the DNP-determinant  increases  concurrent ly .  

The discovery  of receptors  for  the Fc f ragment  on the B cell and mac.rophage ra ises  a quest ionwhich 
demands an answer  when the affinity of surface  immunoglobulins is studied: Are these s t ruc ture  in fact 
receptors  or  are they secondar i ly  adsorbed antibodies? 

The investigation descr ibed below was car r ied  out fo r  two purposes:  f irst ,  to a s sess  the dynamics of 
affinity of lympkocyte receptors  during the p r imary  response,  and second, to discover  whether the recep-  
tor  s t ruc tures  on the immunocyte sur face  a re  true receptors  or  secondari ly  adsorbed antibody molecules.  

E X P E R I M E N T A L  M E T H O D  

CBA mice f rom the Stolbovaya nurse ry  were  used. The animals were immunized in a single sess ion 
by intraperi toneal  injection of 100 #g of DNP998--hemocyanin conjugate. Keyhole limpet hemocyanin (Cal- 
biochem, USA) and ovalbumin united with the DNP group [1] were  used. Whooping cough vaccine (109 bac-  
ter ial  cells) was used as the adjuvant. The number of DNP groups on the c a r r i e r  was determined spec t ro -  
photometr ical ly  in conjunction with determinat ion of nitrogen by the micro-Kjeldahl  method. 

* NNP -- 4-hydroxy-3 ,5-d  initrophenacetyl.  
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Fig. 1. Number of rose t t e - fo rming  cells as a function of con-  
centrat ion of inhibitor (DNP--e-lyslne) during investigation at 
various t imes af ter  immunization: a) 3rd day, b) 5th day, c) 
8th day, d) 10th day, e) 14th day, f) 19th day. Abscissa ,  concen-  
trat ion of DNP--a- lys ine  (M); ordinate,  munber of r o s e t t e - f o r m -  
ing cells per  106 spleen cells.  

The dynamics of the increase  in affinity of the lymphocyte receptors  was studied by inhibition of 
rose t te  format ion by various concentrat ions of DNP--e - lys ine  (10 -4, 10 -5, 10 -6, 10-7; BDH Chemicals L im-  
ited, PooIe, England). 

Roset tes  were  obtained by method of [8] modified by the authors.  DNP23- ovalbumin was bound to 
the sur face  of sheep 's  red cells with the aid of chromic  chloride [9]. 

The number of ro se t t e - fo rming  cells was determined on the 3rd, 5th, 8th, 10th, 14th, and 19th days 
af ter  immunization. 

To investigate the affinity of the receptors  106 spleen cells were incubated with an equal volume of 
D N P -  e-lys ine in different eoacentra t  ions for  1 h at4~ af ter  which sheep'  s red cells covered with DNP23-- 
ovalbumin were  added. Nucleated cells with more  than five red cells on thei r  surface  were  regarded as 
rose t t e - fo rming :  To determine the nature of the recep tors  on the surface  of the lymphoc}~es 0.4 ml of 
suspension containing 2" 106 spleen cells were  incubated with an equal volume of rabbit  an t i serum against 
mouse 7 globulin in a dilution of 1 : 10 for  1 h in the cold and then washed with physiological saline together  
with normal  rabbit s e rum diluted 1 : 250 [10]. As a control ,  the same cells were  incubated with 10~c nor-  
mal rabbit  s e r u m .  

E X P E R I M E N T A L  R E S U L T S  

The effectiveness of inhibition of rose t te  format ion was increased by increasing the concentrat ion of 
DNP--e - lysine.  Different concentrat ions (differing by one o rde r  of magnitude) of inhibitor were  used and 
five groups of ro se t t e - fo rming  cells  were  isolated at different t imes of the immune response  (3rd, 5th, and 
8th days; Fig. la,  b, c). In the la ter  s tages af ter  immunization the number of groups was reduced: to 3 on 
the 10th and 14th days (Fig. ld, e), and to 2 on the 19th day (Fig. lf). Ant iserum against mouse immuno- 
globulins inhibited rose t te  format ion considerably  (by 60~). Binding of antigen thus took place on account 
of 7 globulin molecules  located on the sur face  of the cell membrane .  
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Experiments  were ca r r i ed  out to rule out the possibil i ty of adsorption of se rum antibody molecules 
onto the lymphocyte surface.  On the 5th day after  p r ima ry  immunization, the mice were injected with s e -  
rum (2 ml) of syngeneic donors immunized 14 days before the experiment;  the mice were killed 15 h la ter  
and the affinity of the receptors  of the spleen cells investigated. The cells of the same mice also were  in- 
cubated in v i t ro  with 14-day se rum for  1 h. The distribution of these cells by affinity was the same in the 
experiments  in vivo and in vitro as on the 5th day af ter  p r imary  immunization. 

The experiments thus showed that the ability of splenic lymphocytes to bind red cells covered with 
hapten changes in the course  of the p r imary  response.  In the la ter  stages,  rose t te  formation requires  low- 
e r  concentrat ions of hapten. The rose t t e - fo rmat ion  response  itself (like the change in affinity of the im- 
munoglobulins of the lymphocyte sur face  during the immune response) is independent of secondary  adsorp-  
tion of se rum immunoglobulin molecules.  The issue is thus one of a change in hapten-b[ndiag capacity of 
immunoglobulin receptors  synthesized by a given lymphocyte and located on its surface.  It has beencla imed 
[4, 7] that this phenomenon is completely analogous to the increase  in affinity of se rum antibody molecules 
and that it depends on the select ive prol iferat ion of cells ca r ry ing  high-affinity receptors .  

The s t rength of the bond joining the lymphocytes with red cells covered with hapten depends not only 
on the affinity of the recep tor  molecules on the sur face  of the lymphocytes,  but also on two other  var iables:  
the concentrat ion of hapten molecules on the surface  of the red cell and the concentrat ion of immunoglobu- 
lin r ecep to r  molecules on the sur face  of the lymphocyte.  Assuming that a cr i t ical  concentrat ion of recep-  
tor  molecules necessa ry  for  binding with the h a p t e n - r e d  cell complex exists on the lymphocyte surface,  it 
must  be accepted that the lower the concentrat ion of Ig receptors  on the lymphocyte surface,  the lower the 
concentrat ion of competi t ive inhibitor (in this case  D N P - a - l y s i n e )  required to prevent roset te  formation.  

Other workers  [2, 3], using a different method (adsorption of DNP-- proteins labeled with [125 On 
lymphocytes,  with autoradiographic analysis at the l ight-optical  level) also observed an increase  in the af- 
finity of lymphocyte receptors  in the course  of the immune response.  However, these workers  found no de- 
c r ease  in concentrat ion of receptors  on the sur face  of the immunocytes during the p r ima ry  immune r e -  
sponse, such as was observed in blast  and plasma cells on e lec t ron-microscop ic  analysis [6]. 

The data obtained by the present  workers  and published elsewhere [2, 3, 7] can be explained as fol-  
lows. The relat ive proport ion of blast  cells in the population of rose t t e - fo rming  cells is fair ly small.  P las -  
ma cells  have no lg receptors  whatsoever  on their  surface.  The data now obtained showing an increase in 
affinity of Ig recep tors  of rose t t e - fo rming  cells  for  DNP-determinaats  may therefore  reflect  real  changes 
taking place in the population of the memory  cells and, perhaps,  of lymphocyte and plasma cells.  

However,  fur ther  investigations a re  necessa ry  to solve the problem of to what extent the change in 
binding power of the immunocyte surface  during the p r ima ry  immune response  depends on a change in the 
affinity of the receptors  and to what extent on a change in their  concentration. 
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