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Two methods of t r ea t ing  living ce l l s  with f e r r i t i n  antibodies in order  to prevent  the i r  de-  
naturat ion in physiological  solutions a re  suggested.  In the f i r s t  method a medium which 
p r e s e r v e s  the f e r r i t i n  antibodies in a soluble f o r m  and the cel ls  in a living state is used.  
In the second method f e r r i t i n  antibodies which a r e  not denatured in physiological  saline 
a re  obtained. 

One of the mos t  impor tan t  f a c t o r s  in e l e c t r o n - m i c r o s c o p i c  immunocytochemica l  r e s e a r c h  is ensu r -  
ing opt imal  in terac t ion  between the t es t  ant igens and the cor responding  antibodies and p rese rva t ion ,  as f a r  
as poss ib le ,  of the ul t raf ine  organiza t ion  of biological  s t ruc tu re s .  To stabil ize the ma te r i a l  and mainta in  
i ts  antigenicity,  mos t  w o r k e r s  use  mi ld  fixation with 4% fo rmal in  or 1 -2~  glutaraldehyde solution [2]. How- 
eve r ,  the ant igenici ty  of a t e s t  substance  in a fixed object  is evidently c lose ly  connected with i ts  na ture  and, 
in pa r t i cu la r ,  with the number  of antigenic de te rminan t s  on the molecule  and the p r e sence  of r a d i c a l s  
(especia l ly  amino-groups)  in them which could combine with molecules  of the f ixative,  thereby giving r i s e  
to blocking of the antigenic de te rminan t s .  A dec r ea se  in the antigenicity of s t r uc tu r e s  as  a r e su l t  of the i r  
par t i a l  denaturat ion by the act ion of the fixative mus t  evidently accompany even the mi ldes t  fixation. If 
the densi ty of distr ibution of the tes t  antigen is low, even ve ry  slight denaturat ion may have a significant 
effect  on ana lys i s  of the r e su l t s .  T r e a t m e n t  of m~fixed ma te r i a l  provides  opt imal  conditions for  the r e a c -  
tion between antigens and antibodies,  but technical  diff icult ies a r i s e  during the investigation of an imal  cel ls ,  
and the object  of the invest igat ion desc r ibed  below was to ove rcome  them.  

In the invest igat ion of sur face  antigens on mouse  leukemic cel ls  the main obstacle  was  the v i r tua l ly  
comple te  insolubil i ty of f e r r i t i n  antibodies in physiological  saline,  so that it was  imposs ib le  to t r e a t  living 
ce l l s .  To obtain f e r r i t i n  ant ibodies,  xy l idene -me tad i - i socyana te  [6], to luene-2 ,4 -d i - i socyana te  [7], and di-  
f luor0dini trodiphenylsulfone [5] were  used as  binding agents .  The complexes  obtained with the aid of these  
compounds could be kept for  a long t ime  in solutions of weak e lec t ro ly tes  (verona l -medina l  or t r i s  buffer) ,  
but the p r e s e n c e  of sa l t s  with high dissocia t ion (for example ,  the NaC1 in physiological  saline) caused the i r  
rapid  precipi ta t ion,  only to d issolve  again when t r a n s f e r r e d  into ve rona l -med ina l  buffer .  E i ther  no ant i -  
body act ivi ty was  found in the supernatant ,  or  it was  v e r y  weak and t rans ien t .  This  behavior  of the f e r r i t i n  
ant ibodies  is  connected with the w e l l - m a r k e d  hydrophobic nature  of the conjugating r eagen t s  used and with 
compet i t ion  of the sa l t s  added to the solution for  the prote in-bound wate r .  To reduce  the hydrophobic 
c h a r a c t e r  of the resu l t ing  pro te in  complex,  reducing the quantity of binding agent to one-tenth of that  sug- 
ges ted  by the authors  of the or iginal  method was  tes ted .  As a r e su l t  the solubility of the f e r r i t i n  antibodies 
in physiological  sal ine was apprec iab ly  increased ,  and the i r  total  yield in the conjugation reac t ion  reduced.  
However ,  the soluble complexes  were  ve ry  unstable and could not be kept for  a long t ime.  An at tempt  was  
then made to se lec t  a med ium in which the ce l l s  could r e m a i n  al ive for  a t ime,  and the f e r r i t i n  antibodies 
would not be prec ip i ta ted ,  and pa ra l l e l  with this a method was developed for  obtaining complexes  readi ly  
soluble in physiological  sal ine.  Both these  p rob l ems  were  solved, and this made it poss ible  to obtainhighly 
sa t i s fac to ry  r e s u l t s  of antigen ana lys i s  of mouse  leukemia  and hepa toma cel ls .  
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Fig. 1. Pa r t  of a Rauscher  leukemia cell t rea ted  with 
ant i -H-2d serum and with fe r r i t in  conjugated with rabbit  
antimouse T-globulin. Conjugation ca r r i ed  out with tolu- 
ene-di - i socyanate .  Cells t rea ted  in medium descr ibed 
in the text. 
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Fig. 2. Gel-fi ltration of reaction 
products of conjugation between 
fe r r i t in  and rabbit  T-globulin on 
5% granulated agarose .  Abscissa ,  
f ract ion No.; ordinate,  optical 
density. 

A medium which satisfied the above requi rements  contained 5% 
glucose or 9% sucrose  and 10% dimethyl sulfoxide, which were dis-  
solved in 0.05 N verenal -medinal  buffer or in 0.02 M t r i s  buffer,  pH 
7.4. The cells  remained alive for several  hours in this medium, much 
longer than the time required for their t rea tment  with fer r i t in  anti- 
bodies. The percentage of living cells was determined by staining 
with a mixture of t rypan blue and eosin [8]. E lec t ron-mic roscop ic  in- 
vest igation of cells  t rea ted  with fe r r i t in  antibodies in this medium 
showed that i t  does not affect interaction between antibodies and an- 
t igens and causes  vir tually no disturbance of the ultrafine cell s t ruc-  
ture (Fig. 1). Fer r i t in  antibodies can be p rese rved  in the suggested 
medium for a yea r  or  more  at 4~ without appreciable loss  of activity 
or denaturation. An advantageous factor  is that veronal -medinal  buf- 
fer  and dimethyl sulfoxide, both of which possess bactericidal prop- 
erties, prevent bacterial contamination of the antibody solution. This 
means that one batch of solution can be used several times without 
special sterilization. 

The guiding principle in the development of the method of ob- 
taining fer r i t in  antibodies not undergoing denaturation in physiological 
saline was the selection of binding agents with hydrophilic proper t ies .  
The desi red resul t  was obtained by the use of diaminodiphenylamine 

te t razota te  [1] and glutaraldehyde, which have been used previously to conjugate cer ta in  proteins [3]. To 
obtain complexes with the aid of glutaraldehyde, 5 mg T-globulin of the ant iserum was mixed with 15 mg 
fe r r i t in  free f rom apoferr i t in  in 1 ml 0.1 M phosphate buffer, pH 6.7-6.9. A 1% solution of glutaraldehyde 
was  added drop by drop to the resul t ing mixture (0.5 mg to 20 mg protein) at room tempera tu re  with con- 
stant s t i r r ing  on a magnetic mixer .  After 2 h the mixture was dialyzed against t r i s  buffer, pH 7.4, on 
Sephadex G-25. The fer r i t in  antibodies were  purified f rom unreacting components by gel-f i l t ra t ion on a 
column of 5% granulated agarose  equilibrated with t r i s  buffer, pH 7.4. The mixture of complexes and free 
molecules  was separated into two fract ions by chromatography.  Complexes of fer r i t in  and 7-globulin of 
different s izes ,  containing 60-70% of the protein taking par t  in the react ion,  were  contained in the f i r s t  peak. 
The second peak consisted of unreact ing molecules of fer r i t in  and T-globulin, which were  vir tual ly insep- 
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Fig. 3. P a r t  of a Rausche r  leukemia  cel l  
t r e a t ed  with an t i -H-2d  s e r u m  and f e r r i t i n  
antibodies obtained with the aid of g lu ta ra l -  
dehyde. T r e a t m e n t  c a r r i e d  out in Hanks '  
solution. 

arable (Fig. 2). The activity of the ferritinantibodies, mea- 
sured by an immunosorbent method, was 85-90% of the activ: 
ity of the original antibodies, but their precipitating activity 
was virtually completely lost. 

E l e c t r o n - m i c r o s c o p i c  invest igat ion of ce l l s  t r ea ted  
with f e r r i t i n  antibodies showed that they were  s t rongly and 
nonspecif ical ly  adsorbed  on the surface  of the cel ls ,  thus 
causing cons iderable  difficulty when the exper imenta l  and 
control  s amples  we re  compared .  A change inthe concen t ra -  
t ion of antibodies and their  absorpt ion by l ive r  powder did 
not reduce  the intensi ty of the nonspecif ic reac t ion  to p e r -  
m i s s ib l e  l imi t s .  Fur ther  pur i f i ca t ionof the  f e r r i t i nan t ibod -  
ies  was  t he re fo re  c a r r i e d  out to r e m o v e  complexes  of f e r -  
r i t in  with nonimmune 7-globulin,  or with 7-globulin which 
had los t  i ts  act ivi ty,  f r o m  the solution. Active complexes  
were  isola ted with the aid of immunosorbent  f r o m  the poly-  
condensed antigen (in this  case  ra t  7-globulin) by A v r a m e a s '  
method [4]. The antibodies were  eluted inglyc ine-HCl  buffer,  
pH 2.3, neu t ra l ized  with alkaline,  and concent ra ted  to 0.2 
mg/ml  (es t imated  as  fer r i t in) .  The use of antibodies purif ied 
in this  way in e lec t ron  mic roscopy  yielded exper imenta l  
p r epa ra t ions  of high quality, with an a lmos t  total  absence of 
label  in the control  (Fig.  3). 

With the poss ib i l i ty  of t r ea t ing  l iving ce l l s  with f e r r i t i n  antibodies readi ly  soluble in physiological  
sal ine,  op t imum conditions can now be c r ea t ed  for  ant igen-ant ibody interact ion,  leaving the ul t raf ine s t r uc -  
tu re  of the cel ls  intact.  As r e g a r d s  the quality of its r e su l t s  this method is not infer ior  to the method of 
hybr id  ant ibodies ,  and if the d i rec t  method of t r e a t m e n t  is  used  it may  have some advantage because  of the 
much s m a l l e r  quantity of or iginal  antibodies r equ i red  for  the conjugation r eac t ion  with f e r r i t in .  
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