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Af ter  t r ea tmen t  of  l ep tosp i res  with iodized immune globulins f rom mice of l ines C3H and C57BL, 
forming antibodies of "weak ~ and "s t rong"  types respec t ive ly ,  the local izat ion of the antibodies of the s u r -  
face of the m i c r o o r g a n i s m s  was de te rmined  in the e lec t ron  mic roscope .  In both c a s e s  d i s c r e t e  7 G - a n t i -  
body-l ike pa r t i c les  were  observed.  "tM-antibody-like pa r t i c l e s  were  found only on the capsule  of the l ep to-  
sp i r e s  when globulin f rom C57BL mice  was  used.  

After  p r i m a r y  immunizat ion of mice of inbred l ines C57BL and C3H with l ep tosp i res  of canicota  fever ,  
the agglutirdn t i t e r  was 20 t imes  higher  in the f i r s t  (1 : 1024 - 1 : 2048) than in the second (1 : 128 - 1 : 256) 
[9, 4]. It is important  to note that during immunizat ion of mice  of three  l ines with sheep ' s  e ry th rocy t e s ,  
line C57BL behaved as  "weak ~ [6], thus ruling out the possibi l i ty  that the genera l  immunological  r eac t iv i ty  
of one line is higher  than that of the other .  A poss ib le  explanation of this phenomenon is  to le rance  of mice  
of the *weak" line to some of the antigenic de te rminan ts  of the l ep tosp i re .  

The object of the presen t  invest igat ion was to tes t  this h)~pothesls. Cyto immunochemica l  ana lys i s  
with the aid of iodized antibodies was chosen as pr inc ipa l  method.  In this way it was a s sumed  that individ-  
ual antigenic de te rminan ts  could be identified and counted. 

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

A living cul ture  of L~ptospira canicok% grown in a 10% solution of rabbi t  s e r u m  in dis t i l led  wate r ,  was 
injected in t raper i toneal ly  in a single dose of 0.2 ml  into inbred C57BL and C3H mice  (male s weighing 18-20g 
f rom the "Stolbo~aya �9 Nursery) .  The immune s e r u m  was obtained a f t e r  sacr i f ic ing  the mice  on the 7th day 
a f t e r  injection of antigen. Globulins prec ip i ta ted  by 40-% satura t ion with (NI{~)2SO, were  d isso lved  in 1.5% 
NaHCO 3 (pt{ 8.3). l 'he (NIt4):SO 4 was removed  by ge l - f i l t ra t ion  through a Sephadex G-25 column equi l ibra ted  
with 1.5% NaItCO 3 solution. The globulins were  iodized by the method descr ibed  prev ious ly  [1]. The t i t e r s  
of antibodies were  determined by the microagglut inat ion r e a c t i o n  [5]. A suspension of l ep tosp i r e s  fLxed in 
0.4% formal in  and suspended in 1% CIt3COONIt , (pIl 7.0) was mixed in different  propor t ions  with iodized 
and noniodized globulins. The mix ' tures  were  incubated for  24 h at 37" and washed twice with an identical  
solution of CIt~COONII4, and centr ifuged at 16,000 rpm during cooling. A drop of the resu l t ing  suspens ion  
of l ep tosp i res  was applied to a g r id~ i th  F o r m v a r  backing and studied with the Ut~MV-100A e lec t ron  m i -  
c roscope  with au acce le ra t ing  voltage of 75 kV. 

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

Iodization of Antibodies. As Table 1 shows, the t i t e r s  of iodized globulin antibodies f r o m  the s e r u m  
of the C57BL mice exceeded the t i t e r s  of iodized globulins f rom the C3tt mice  by one o rde r ,  jus t  as  they 
did before  iodization. 
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TABLE 1. 

Line of 
mice  

C57 BL 
C3H 

Results  Obtained by Iodization of 

No. of 
animals 

50 
20 

Serum 
ivolume t i te r  of 
[(in ml) antibodies 

12 1 : 2048 
4 1 : 256 

Immune Globulins 

Noniodized globulins 
volume [ prote in  t i te r  of 
(in ml) ] (in %) antibodies 

1.93 1 : 512 
0.87 1 : 128 

Iedized globulins 
volume[ protein ] t 'iter of 
(in ml) [ (in %) antibodies 

l 1.00 1 : 16 
0.18 1 : 2 

TABLE 2. Antigen - Antibody Ratio 

C3H 

0.08 

0.06 
o.11 

2.70 

Exper iment  No. 

I ,  ......... 
line of mice 

C57BL C3H 

0.01 

0.06 
0.18 

1 . 7 0  

Index 

Volume of solution of iodized globulins 
(in ml) 

Volmne of standard suspension of 
lep tospi res  (in ml) 

Volume of buffer  solution (in ml) 
Prote in  of globulins (in mg/ml  

suspension of leptospires)  

0.20 

0.02 

0.03 

20.0 

4 

C57BL 

0.20 

0.02 
0.03 

100.0 

t towever,  in contras t  to the resu l t s  obtained by todization of rabbit  and h o r se  immune globulins [1, 3, 
8], in the p resen t  case  iodization led to a substantial  change in the absolute t i t e r s  of antibodies.  It is not 
"known whether  this was due to spec ies - spec i f i c  p rope r t i e s  of the mouse se rum,  the chemical  s t ruc tu re  of 
the antigen [12], or  to a slight modification of the method. The modification was neces sa ry  because  of the 
small  initial volume of serum,  and it  consis ted of the use of ge l - f i l t ra t ion  instead of dilution of globulin 
with bicarbonate solution. U~ort~mately, because of loss of Cfi h during gel - f i l t ra t ion  in this case,  the pit 
Increased ,  requir ing the addition of solid CC h to the globulin solutions.  Never the less ,  the resu l t s  subse-  
quently obtained showed that sufficient act ive antibodies remained to de tec t  the corresponding antigens on 
the sur face  of the leptospi res .  

E lec t ron  Microscopy.  Prepara t ions  of lep tospi res  p re l imina r i ly  incubated both with iodized (exper i -  
ment) and with non iodized immune globulins (control) were  ex~.mined in the e lec t ron  microscope ,  t h e  an t i -  
gen - a n t i b o d y  ra t io  var ied (Table 2). 

By comparing the t i t e r s  of iodized globulins given in Table 1 with the volumes of ingredients  of the 
mix tures  given in "Fable 2, the t i t e r  of antibodies per  unit volume of antigen suspension can be de termined.  
It i s  easy  to see that this value was the same for exper iments  Nos. 1 and 2. F o r  Expts.  No. 3 and 4 this 
ra t io  was higher,  being 8 t imes  higher in Expt.  No. 4 than in Expt. No. 3. 

P repara t ions  of intact  lep tospi res  t r ea ted  with undiluted noniodized immune globulins, and p r e p a r a -  
tions t rea ted  initially with native, undiluted immune s e r a  and subsequently with iodized glok~lins ( 'block~; 
Fig.  l a -c ) ,  were  used as controls .  

As a resul t ,  the following e lec t ron-op t ica l ly  dense s t ruc tu res  were  detected on the sur face  of the lop-  
r e sp i res  t rea ted  with iodized antibodies, in con t ras t  to the cont ro ls .  

1. Granules  roughly equal in d i ame te r  to l ep tosp i res  (~ 0.1-0.15 g) .  In Expt. No. 1 (line C31I) the re  
were  22 of these granules  on 50 lep tospi res ,  and 59 in Expt. No. 2 (line C57BL). Since the a n t i g e n -  an t i -  
body ra t io  was different  in Expts.  Nos. 3 and 4, the number  of granules  was not counted in these exper iments .  

2. Pa r t i c l e s  corresponding in s ize  to yG-ant ibodies  (length ~200-300 ,~; Figs .  I f  and 2c). These  
par t i c les  were  localized on the cytoplasmic  membrane  of the lep tosp i res  and in agglomera tes  which were  
probably the prec ip i ta te  formed by yG-ant ibodics  with lysate of the lep tosp i ra .  

3. Pa r t i c l e s  corresponding in s ize  to TM-antibodies (length .-, 700 ~;  Figs .  le ,  2b, and 3). These  
pa r t i c l e s  were  seen only in Expt. No. 4 (globulins f rom C57BL mice taken in maximal  concentrat ion) ar~ 
were  local ized only on the capsule of a leptospire  with c lea r ly  visible per iodic i ty .  
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Fig. I. Electron photomicrographs of leptospires, a) In- 
tact leptospire, 60,000x; b) leptospire treated with non- 
iodized immune globulins (titcr I : 512), 60,000x; e) lepto- 
spire treated successively with immune serum (titer I : 2048) 
and iodized immune globulins (titer I : 16), "block+ ~ 50,000• 
d) leptospire treated with iodized immune globulins of low 
concentration (E.x~pt. No. 2), 50,000x; e, f) leptospires treated 
with iodized immune globulins from C57 BL mice (Expt. No. 4), 
6000x.  

It has  p rev ious ly  been shown by o ther  methods that no TM-antibodies a r e  formed by C3H mice  in r e -  
sponse to p r i m a r y  immunizat ion with hcmocyanin  and with po lysacchar ide  of type III pneumococci  [12]. Our 
resu l t s  show that in mice  of this line, unlike in C57BL mice ,  no 7M-ant ibodies  l ikewise a r e  fo rmed in r e -  
sponse to p r i m a r y  immunizat ion with L.canicola .  A noteworthy fea ture  is  the di f ference in number  of g r a n -  
ules  which we detected on the su r face  of l ep tosp i res  t r ea ted  with iodized globulins of equal,  but low t t t e r s ,  
taken f rom both l ines of mice .  These  resu l t s ,  in conjunction with the demons t ra ted  abil i ty of mice  only of 
the "s t rong" line to fo rm "zM-antibodies aga ins t  l ep tosp l rcs ,  support  the val idi ty of the or ig ina l  hypothesis .  
l tow,'ver,  unequivocal proof  of i ts  val idi ty can be obtained by expe r imen t s  using different  antigen - antibody 
propor t ions ,  even to the extent of obtaining complete  sa tura t ion  re la t ive  to the c r i t e r ion  of number  of g r a n -  
ules or  of single antibodies detected.  In this  case ,  equalizat ion of the antibody t i t e r s  in mice  of both l ines  
during the secondary  immune  r e sponse  [4, 7] could be cons idered  as  the r e su l t  of reaching  sa tura t ion  level  
of antibody production, which is  the s a m e  for  mice  of these  l ines ,  

Fu r the r  invest igat ions  will be c a r r i e d  out to p rove  the validi ty of these  s t a t emen t s .  

I n  conclusion, we m a y  note that  the poss ib i l i ty  of detect ing quali tat ive and quanti tat ive d i f fe rences  la  
the content and local izat ion of single ant igens on m e m b r a n e s  demons t ra ted  in this invest igat ion with tim u ~  
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Fig. 2. Electron photomicrographs of leptospires, a) Leptospire 
treated with iodized immune globulins from C3H mice (Expt. No. 3), 
60,000x; b, c) leptospires treated with iodized immune globulins 
from C57BL :nice (Expt. No. 4), 100,000• 

of iodized antibodies gives hope th.xt this very s im- 
pie method of cytoimmunochemical analysis in conjunc- 
tion with electron microscopy may be used successfully 
for studying the antigen topography of surface and inter-  
nal structures not only of mic~'oorg~nisms, but also of 
viruses and cells. This is of great importance for many 
branches of biolo~, and medicine, and primarily for 
elucidating the mechanism of malignant change and of 
immunity, both general immunity and immunity to mi- 
Croorganisms and viruses. 
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Fig. 3. Leptospires treated with iodized im- 
mune globulins from C57BL mice (Expt. No. 4), 2. 
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