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It is  shown by methods of immunochemica l  analysis  that incomplete  hemagglut inins  belong to 
the IgG-c la s s  of s e r u m  immunogiobulins.  It is  also demons t ra ted  that  the indi rec t  Coombs '  
t e s t  can give complete  bivalent  antibodies provided that  they a re  p r e sen t  in low enough con- 
centra t ion not to cause  d i rec t  hemagglutination.  

The Coombs '  method is  widely used in modern  immunology for  the detect ion of incomplete  antibodies. 
However,  sufficient p r e c i s e  informat ion regarding  s t ruc tu re  of these pro te ins ,  the i r  molecu la r  weight, and 
the c lass  of s e r u m  immunoglobulins to which they belong is not yet available:  The definition of incomplete  
antibodies as monovalent  antibodies,  i .e . ,  capable  of forming an an t igen -an t ibody  complex  but not elicfting 
a vis ible  phenomenon (agglutination, precipi ta t ion) ,  l ikewise has not been proved  [1, 2, 8, 10, 12]. The dif-  
f icult ies of studying the nature  of antibodies a r e  a t t r ibutable  to the fact that until recent ly  it has been i m -  
poss ib le  to isola te  them in a pure  fo rm and to study them in detail. 

The object  of this invest igat ion was to study the nature  of antibodies giving r i s e  to the Coombs '  in-  
d i r ec t  hemagglut inat ion phenomenon (the potentiat ion phenomenon). 

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

Rabbits  were  immunized  with sheep ' s  e ry th rocy te s  by the following scheme:  p r i m a r y  immuniza t ion  
- two intravenous injections of 1 ml of a 10% suspension of e ry th rocy te s  at an in terval  of 48 h; r e i m m u n i -  
zation 3 months l a t e r  with 5 in t ravenous  injections of a 10% suspension of sheep ' s  e ry th rocy te s  in the same  
dose at in te rva ls  of 24 h. The animals  were  exsanguinated on the 7th day af ter  the las t  inject ion of antigen. 

To isola te  highly pur i f ied p repa ra t ions  of IgG f rom ant iserum,  a two-s tage  p rocedure  was used: 
sal t ing out of the total  globulin f rac t ion  with ammonium sulfate at 0.4 sa tura t ion  followed by purif icat ion 

TABLE 1. T i t e r s  of Antibodies in Pro te in  
Samples  at Different  Stages of Isolat ion and 
Pur i f ica t ion  of IgG 

Frac t ion  

Antiserum ...... 

7-I .......... 

T -II .......... 

T-I l l  (IgG) . . . . . .  
Supernatant . . . . .  

Log of t i t e r  of  hemag-  
glutInins 

complete  

5 . 4 2  

4.61 
4.61 
4.01 
2.41 

incomple te  

7.22 

9.11 

9.72 

9.11 

4.21 

of the IgG by ion-exchange chromatography  on DEAE- 
cel lulose (Whatman, England) [4]. 

The t i t e r  of complete  antibodies against  sheep ' s  
e ry th rocy t e s  was de te rmined  by the act ive hemagglu t ina-  
t ion tes t  p e r f o r m e d  in the usual  manner ,  and the t i t e r  of 
incomplete  hemagglutinins was de te rmined  by the Indirect  
Coombs '  t e s t  [5] using ass  s e r u m  against  rabbi t  immune-  
globulins, p r e l im ina r i l y  inact ivated on a water  bath for  
30 min at 56 ~ and absorbed  with sheep ' s  e ry th rocy tes .  

To des t roy  the IgM-ant ibodies ,  the an t i s e rum was 
incubated in a dilution of 1:10 with 2 -mercap toe thano l  
(Loba-Chemie,  Austria) in a final concentrat ion of 0.1 M 
(pH 7.2-7.3) at 37 ~ for 1 h [6]. T h e  double diffusion 
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Fig. 1. Ohromatograms of purified 
TgG (1) and supes~atant f rae~on (~.) 
on CM-cel lulose column. 
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Fig. 3. Antigenic analysis of protein peak 
of supernatant fraction after  chromato-  
graphy on CM-cellulose (a) and analysis  of 
antigenic relationship of proteins in eluate 
of supernatant to IgG (b). In a: 1-6) dilu- 
tions of eluate f rom 1 : 2 to 1 : 32 ; 7) anti- 
rabbit serum. In b: 1) lgG; 2) eluate of 
supernatant fractions;  3) ant i - rabbi t  serum. 

Fig. 2. Demonstrat ion of puri ty 
of IgG preparat ion by prec ip i ta -  
tion in agar with ass ant iserum 
against rabbit  immunoglobulins. 
1-6) Dilutions of IgG from 1 : 25 
to 1 :800;  7) anti-rabbit  serum. 

react ion in agar was car r ied  out by Ouchterlony's  method 
in the micromodificat ion of Abelev and Tsvetkov [1], using 
ass ant iserum against rabbit immunoglobulins for develop- 
ment. 

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

The t i ter  of complete and incomplete hemagglutinins 
in the rabbit ant iserum (expressed in log units) was 5.42 
and 7.22, respectively.  After t reatment  of the serum with 
2-mercaptoethanol ,  the t i te r  of complete and incomplete 
antibodies was unchanged, demonstrat ing that they do not 
contain antibodies of the IgM-class .  

At different stages of isolation and pu r i f ca t i on  of 
IgG from the antiserum, samples of protein were taken and 
the concentration of complete and incomplete antibodies in 
them was investigated. The f i rs t  sample was taken after  
precipi tat ion of the globulins with ammonium sulfate and 

dialysis  against buffered 0.15 M sodium chloride. This fraction was descr ibed as 7 - I .  The second sample 
(7 -II) was taken after  dialysis of the protein against 0.01 M phosphate buffer (pI-I 7.55). It did not contain 
euglobulins, which are  precipi ta ted during dialysis against buffer of low ionic strength. The third sample 
(7 -Ill) was taken after chromatography of the proteins on DEAE-cel lulose,  and corresponded to highly pur i -  
fied IgG. In addition, the content of complete and incomplete hemagglutinins was determined in the fraction 
of se rum proteins (supernatant fraction) not precipi tated at 0.4 saturation with ammonium sulfate (after 
careful  dialysis  against 0.15 M sodium chloride), and also in the original ant iserum (Table 1). 

As Table 1 shows, when purified preparat ions  of IgG (7 -III) were used, a marked increase  in strength 
of the hemagglutination react ion was observed in the presence  of antiglobulin serum compared with that for 
native serum. 

The resul ts  in Table 1 do not, however, show conclusively what is responsible for the phenomenon of 
potentiation of hemagglutination in the Coombs'  tes t  when fraction 7 -III  is used: the bivalent IgG antibodies 
themselves  or  the monovalent antibodies contained in this fraction. For  this reason,  the presence  of mono- 
valent f ragments  of IgG antibodies, such as the Fab-f ragments  whose formation in vivo by catabolite splitting 
of IgG has been demonstrated experimental ly [3], in the IgG prepara t ion could be postulated. To verify this 
hypothesis,  fraction 7 -III  was passed through a column with CM-cellulose in 0.01 M acetate buffer, pH 5.76. 
As was demonstrated previously [9], Fab- f ragments  of IgG are eluted under these conditions f rom the 
column, whereas IgG is adsorbed on the ion-exchanger .  To a column measur ing 1 • 12 cm, filled with CM- 
cellulose in 0.01 M acetate buffer, pH 5.76, 1.64 mg of fraction 7 -III, previously  dialyzed against the same 
buffer, was added. The whole of the protein added to the column was adsorbed on the ion-exchanger  (Fig. 
1). When three fresh port ions of fraction 7 -III  (a total of 5 mg protein) were subsequently passed through 
the same column, in no case was protein found in the eluate. 
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Consequently, f ragments  r e sembl ing  Fab were  not p re sen t  in the IgG prepara t ion .  

The homogenei ty ot the T- I I I  f rac t ion  was tes ted by double diffusion in agar  using ass  an t i se rum 
against  rabbi t  immunoglobul ins  (Fig. 2 ). In all concentrat ions used, IgG fo rmed  one dist inct  prec ip i ta t ion  
line, indicating that it was f ree  f rom contaminat ion with other  s e r u m  globulins. 

Activity of complete  and incomplete  hemagglutinins was also found in the supernatant  f rac t ion  (Table 
1). To es tab l i sh  the nature  of this activity,  the supernatant  (5.5 mg protein),  a f te r  d ia lys is  against  0.01 M 
acetate  buffer  (pH 5.76), was passed  through CM-cel lu lose  (Fig. 1). A single pro te in  peak  was obtained, 
and af ter  concentrat ion it was found to contain 4 antigenic components  (Fig. 3a), unre la ted  to IgG (Fig. 3b). 
The agglutination t e s t  and the indi rec t  Coombs '  t e s t s  revealed  only a t r a ce  of activity in the composi t ion 
of the pro te in  peak  ( t i ter  of incomplete  antibodies 0, of incomplete  1 : 8). Hence, the sero logic  act ivi ty of 
the supernatant  was due pr inc ipa l ly  to IgG-antibodies not prec ip i ta ted  comple te ly  by ammonium sulfate at 
0.4 saturat ion.  

The facts  descr ibed  above suggest  that  the phenomenon of potentiat ion of hemagglut inat ion i n  the 
Coombs '  t e s t  is given by bivalent  antibodies belonging to the IgG-c l a s s  of s e r u m  immunoglobulins,  capable 
of par t ic ipat ing  in d i rec t  se ro log ica l  react ions .  This phenomenon is manifes ted  when the concentra t ion 
of bivalent  antibodies is insufficient for  d i r ec t  hemagglutination.  This hypothesis  was put forward  init ially 
by McDuffie and Kabat [11], and the resu l t s  of the p r e s e n t  invest igat ion conf i rm it exper imenta l ly .  

The signif icantly g r e a t e r  potentiat ion of the hemagglut inat ion reac t ion  when purif ied IgG p repa ra t ions  
were  used compared  with native s e r u m  can be explained on the bas i s  of observa t ions  [7, 13], showing that 
the blood s e r u m  of man and animals  contains fac tors  inhibiting the hemagglut inat ion react ion.  

Hence, if  an inves t iga tor  is dealing with an an t i s e rum which gives a d i rec t  hemagglut inat ion react ion,  
and on addition of antiglobulin s e r u m  to the s y s t e m  the phenomenon of potentiat ion of hemagglut inat ion is 
exhibited, this  potentiat ion cannot be  comple te ly  at tr ibuted to incomplete  antibodies,  but the i r  p r e s e n c e  
mus t  be excluded. 
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