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An u l t r a s t r u c t u r a l  s tudy of antibody fo rmat ion  in the lymphoid cel ls  of the lymph glands was 
c a r r i e d  out in C3HA mice  us ing  h o r s e r a d i s h  perox idase  a s  the antigen. The pe r inuc l ea r  
space  and tubules  of the g ranu la r  endoplasmic  re t icu lum a re  the p r i m a r y  zones of synthes is  
and accumula t ion  of antibodies inside the immunocompeten t  ce l l s .  Much less  act ivi ty  of the 
reac t ion  was obs e rved  in the l a m e l l a r  component  of the Golgi appara tus  and on the r ibo -  
s o m e s .  
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Until recent ly  the e l e c t r o n - m i c r o s c o p i c  study of antibody synthes is  has  been c a r r i e d  out chiefly on 
the bas is  of indi rec t  evidence of an i nc rea se  in p ro te in  synthes is :  an inc rease  in the number  of tubules of 
the g ranu la r  endoplasmic  re t icu lum (GER) and of f ree  r i b o s o m e s ,  widening of the pe r inuc l ea r  space and 
the lumen of the tubules of the GER, and hyper t rophy  of the Golgi appara tus  [1-4, 9, 10]. More conclusive 
proof  would be the d i rec t  demons t ra t ion  of immune globulins inside the cel ls  synthes is iz ing  them [5, 8]. 

In th is  invest igat ion an a t tempt  was made to study the f ea tu res  dist inguishing the u l t r a s t r u e t u r e  of 
cel ls  of the lymphoid s e r i e s  in mice  a f t e r  r e immuniza t ion  with pe rox idase .  

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

C3HA mice  aged 4 months were  used.  H o r s e r a d i s h  perox idase  (Reanal, Budapest)  was used  as the 
antigen.  Fo r  p r i m a r y  immuniza t ion  0.5 m g  perox idase  was emuls i f i ed  in 0.3 ml  F reund ' s  adjuvant.  The 
emuls ion  was injected e i the r  subcutaneously  into the p lan ta r  pad of the hind l imb o r  in t raper i tonea l ly .  Re -  
immuniza t ion  was c a r r i e d  out 14-18 days l a t e r  with a s i m i l a r  dose of perox idase  in 0.9%NaC1 solution. 

Under e the r  anes thes ia  72-96 h a f t e r  r e immuniza t ion  the inguinal o r  m e s e n t e r i c  lymph glands,  r e -  
Spect ively  were  r emoved  f rom the an imals ,  t ea sed  with needles  in Hanks ' s  solution at 4~ f i l tered through : 
two l aye r s  of Kapron,  and centr i fuged for  3-10 min  at 3000 rpm.  

Antibodies were  identified by the method of Leduc et al.  [6]. The res idue was fixed for  30 rain in 
1.25%glutaraldehyde solution in 0.1 M Sorensen ' s  buffer ,  broken up with a plat inum loop, and incubated in 
a solution of h o r s e r a d i s h  peroxidase  (0.5 m g / m l )  for  30 rain. The c lumps were  washed in buffer ,  postf ixed 
in glutara ldehyde,  and incubated in a 0.025% solution of 3 ,3 ' -d iaminobenzid ine  with 0.01% hydrogen pe roxide 
for  30 min.  The m a t e r i a l  was washed twice in phosphate buffer ,  postf ixed in 1%osmium fixative,  dehydrated 
in alcohols of inc reas ing  s t rength ,  and embedded in Epon by Luf t s '  method [7]. 

Two s e r i e s  of contro ls  were  set  up: 1) ce l l s  of a suspens ion of lymphocytes  f rom lymph glands of 
un immunized  an imals  were  studied without incubation and a f t e r  incubation with antigen; second, lymphocytes  
f rom immunized  an imals  were  t r e a t e d  with a 0.025%solution of 3 ,3 ' -d iaminobenzidine  without p r e l i m i n a r y  
incubation with the antigen. 
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Fig.  1 Fig. 2 

Fig. 1. F r a g m e n t s  of two lymphocytes  f rom lymph gland of a mouse  
72 h a f t e r  r e immuniza t ion  with pe rox idase .  React ion for  pe rox idase  
ac t iv i ty .  Ant iperoxidase  antibodies detec ted  as d i s c r e t e  loci in the 
p e r i n u c l e a r  space  and tubules  of the GER (arrows) .  Uranyl  aceta te ,  
18,000x ~ 

Fig, 2. P l a s m a b l a s t  f rom lymph gland of a mouse  96 h a f t e r  r e i m -  
munizat ion with pe rox idase .  React ion for  pe rox idase  act ivi ty .  M e m -  
b r anes  of  GER and p e r i n c u l e a r  space  i nc rea sed  in densi ty  because  of 
the p r e s e n c e  of an t iperoxidase  ant ibodies .  Compact  zones of condensa-  
t ion of the reac t ion  product  can  be seen  (arrows)  in individual c i s t e rn s  
of the GER. U r a n y l  ace ta te ,  32 ,000x .  

Sections cut on the LKB-4800 u l t r a m i c r o t o m e  
were  s ta ined with u ranyl  aceta te  [11] and studied in the 
I]~M-100V e lec t ron  m i c r o s c o p e  with an acce l e r a t i ng  
voltage of 80 kV. 

Fig. 3. Blas t  f o rm of lymphocyte  f rom 
lymph gland of a mouse  96 h a f t e r  r e i m -  
muniza t ion  with pe rox idase .  React ion 
fo r  pe rox idase  ac t iv i ty .  Ant iperoxidase  
ant ibodies  d is t r ibuted  as  e l e c t r o n - d e n s e  
m a s s e s  in individual s e g e m e n t s  of  the GER 
(single a r rows ) .  Outl ines of some tubules  
s ta ined deep black (double a r rows ) .  Uranyl  
acetate ,~26,000x.  

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

No perox idase  act ivi ty  was detected in the ce l l s  
of the lymphoid s e r i e s  in any o f  the contro l  t e s t s .  

The e l e c t r o n - m i c r o s c o p i c  invest igat ions  showed 
that  antibodies agains t  pe rox idases  were  contained 
chiefly in blas t  f o r m s  of lymphocytes  (BFL), although 
adequate condensat ion of the reac t ion  product  could 
a lso  be obse rved  on s t r u c t u r e s  of the in te rmedia te  
cel l  f o r m s  between sma l l  lymphocytes  and BFL,  con-  
f i rming  the poss ib i l i ty  that immune synthes is  s t a r t s  in 
sma l l  lymphocy tes ,  when it accompanies  t he i r  t r a n s -  
fo rmat ion  into B F L  and, la te r ,  into p l a s m a  cel ls  [8]. 

Antibodies were  d i scovered  as d i sc re t e  foci in 
the p e r i n u c l e a r  space  and in the dilated tubules of the 

GER 72 h a f t e r  r e immuniza t ion  with p e r o x i d a s e  (Fig. 1). L a t e r  (after  96 h) the number  of blast  cel l  f o r m s  
i n c r e a s e d  apprec iab ly ,  lymphocy tes  with a wide cy top lasm,  r e s e m b l i n g  p l a smab la s t s  with ini t ial  f ea tu res  
of antibody format ion ,  appea red  in the tubules of the abundant e r g a s t o p l a s m  (Fig. 2). 

Uneveness  of  the outline and di latat ion of  the lumen were  f requent ly  obse rved  in-tubules of the GER 
reac t ing  pos i t ive ly  for  pe rox idase  act ivi ty  (positive prof i les ) .  In some cel ls  the inner wall  of the GER 
tubule was s ta ined black with dense m a s s e s  of ant ibodies .  

The concent ra t ion  of immune globulins,  to judge f rom the densi ty of the reac t ion  product ,  va r ied  in 
different  p a r t s  of  the GER cons iderab ly .  Usual ly  an a l te rna t ion  of weakly and s t rongly  posi t ive segmen t s  
of the GER was obse rved ,  and on this bas is  it can be postula ted that  antibodies a re  synthes ized in wel l -  
defined a r e a s  of the e r g a s t o p l a s m  (Fig. 3). 
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The tubules of the GER 72-96 h a f te r  re immunizat ion  were a r ranged  i r r egu la r ly  in the cell  cytoplasm,  
making excre t ion  of the antibodies through the GEE, such as takes place in the phase of intensive immunity 
[5, 8]. Antiperoxidase antibodies were  found in the pe r inuc lea r  space in many cel ls ,  and somet imes  this 
zone was the only place where they occur red .  Here ,  lust as in the tubules of the GER, besides widening 
of the lumen, a l ternat ion of segments  of high density,  cor responding  to the antibody concentrat ion,  and seg-  
ments  of lower density or  even segments  f ree  f rom antibodies was observed  (Fig. 1). Antibodies were 
found in the Golgi apparatus  of only ve ry  few cel ls ,  and then chiefly on its l amel la r  component.  Zones of 
grouped r ibosomes ,  marked  by the p resence  of specif ic  antibodies,  could be seeen in the cytoplasm of in- 
dividual lymphocytes .  The p resence  of antibodies on the polysomes  evidently ref lec ts  the ea r l i e s t  phases  
of synthesis  of immune globulins. Some cel ls  in the ma te r i a l  studied did not contain antibodies although, 
in t he i r  u l t r a s t r uc tu r a l  cha rac t e r i s t i c s ,  they were analogous to o ther  lymphoeytes in which antibodies 
were c l ea r ly  detected.  

The principal  zones of antibody localizat ion within the synthesizing cells  72-96 h a f te r  r e immuniza -  
tion were  thus c lea r ly  defined segments  of the pe r inue lea r  space and tubules of the GE1R. Con]ectural ly 
the resu l t s  can also be used as an indirect  morphological  c r i t e r ion  of the thymus- independent  population 
of lymphocyte s. 
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