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Cold hemagglutinins of rabbi ts ,  obtained after  repeated intravenous immunization of the ani-  
mals  with s t roma  of sheep Ts e ry throey tes ,  contain antibodies of the 19S and 7S globulin type. 
Two proteins ,  differing in their  antigenic s t ruc ture ,  were detected in the 7S antibodies, one 
of them being identified as an immunoglobulin of the IgG subclass .  

Cold hemagglutinins (CH) are  the only type of antibodies whose affinity for antigen is substantially 
modified by elevation of the tempera ture .  Since the revers ib le  loss by CH of their  antigen-binding power 
at 37 ~ may  be the resu l t  of eonformational  t ransformat ions  in the molecule,  direct ly  or  indirect ly modifying 
the active center ,  investigation of these antibodies may be of great  importance in the s t ruc tura l  analysis  of 
active a reas  of the polypeptide chains of immunoglobulins.  In man, CH have been detected in some cases  
under normal  conditions, and also in cer ta in  pathological states.  They have been found to contain immuno-  
globulins belonging to subclasses  IgM, IgA, and IgG* [3, 4, 7-9, 11, 12]. Only in one case has the obtaining 
of CH exper imental ly  been descr ibed,  as the resul t  of immunizat ion of rabbits  with a culture of Lis te r ia  
monocytogenes isolated from patients with hemolytic anemia [6]. 

The object of this investigation was to obtain CH in experimental  animals and isolate them in a pure 
form,  and then to analyze them immunochemical ly .  

EXPERIMENTAL METHOD 

The stroma was obtained from sheepTs erythrocytes by Kabat's method [13]. 

Antisera. Rabbits were sensitized by intravenous injection of stroma in a dose of 0.I mg (as N2). 
During the next 5 days the animals received daily injections of antigen in a dose of 1 mg (as N2), and after 
an interval of 2 days, the cycle of immunization was repeated with daily injections of antigen in a dose of 
2 mg (as N2). On the 5th-6th day after the end of immunization, the animals were bled. The resulting se- 
rum was kept in the frozen form. 

Isolation of CH. Erythrocyte stroma (40 mg as N2) was mixed for 18 h at 0 ~ with 40 ml antiserum. 
The stroma with adsorbed antibodies was separated by centrifugation at 0 ~ for 15 rain at 6600 g, and the 
residue was washed repeatedly with 0.15 M NaCl solution under the same conditions. Completeness of 

removal of the unbound serum proteins was judged from absorption by the washing liquid at 280 mp (SF-4A 
spectrophotometer). The washed stroma was suspended in I0 ml physiological saline and incubated for 1 h 
at 37 ~ The suspension was centrifuged at 37 ~ for 30 rain at 18,000 g and the supernatant was collected. 
This procedure was repeated three times. The protein content in each eluate was determined by Folin's 
method. 

*The nomenclature of immunoglobulins and their subunits recommended by the World Health Organization 
[14] is used in this article. 
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Fig. 1. Ti te rs  of cold and warm 
hemagglutinins of prote in  f r a c -  
tions obtained by gel f i l t rat ion on 
Sephadex G-200. Absc issa :  vo l -  
tune of eluate (in ml); ordinate:  
on the left, extinction at 280 rap, 
on the right,  t i te rs  in hemagglu-  
tination test  at 4 ~ (1) and at 37 ~ 
(2). a) Before reduction with 2- 
mercaptoethanol ;  b) af ter  r educ -  
tion with 2-mercaptoethanol .  

Fig. 2. Precipi tat ion of CH 
eluate in agar .  A) CH eluate; 
B) control  IgG preparat ion;  C) 
ant iserum against rabbit  glob- 
ulins; D) FAB fragment.  

Serologic Tests .  The hemagglutination test  with sheep 's  e ry th -  
n, 

rocytes  was ca r r i ed  out at 4, 20, and 37 ~ by the usual method. The 
complement  fixation test  in the cold was per formed in the quantitative 
modification of Konikov and Tarkhanova [2], using s t roma  of sheep 's  
e ry th rocy tes  as the antigen. 

E lec t rophores i s  and immunoelee t rophores is  were ca r r i ed  out 
in 1% agar  gel (Difco) in veronal  buffer,  pH 8.6 and p 0.1, in a poten- 
tial gradient of 6 V/cm. In the e lect rophoret ic  experiments  the agar  
plate was cut in the equatorial  plane into s t r ips  0.5 cm wide, and 
protein was eluted from them after  disintegrat ion of the gel by f r e e z -  
ing and thawing. 

The double diffusion react ion was ca r r i ed  out in 1% agar  gel made up in 0.15 M NaC1 in the m i c r o -  
modification of Gusev and Tsvetkov [1]. Both in e lec t rophoret ic  and double diffusion in agar  methods,  ass  
serum against  rabbit  globulins was used for development. 

Fract ionat ion of Antiserum on Sephadex G-200. Rabbit ant iserum was added in a volume of 5 ml to a 
column of Sephadex G-200 in 0.15 M NaC1 solution buffered with 0.01 M phosphate buffer to pH 7.3, and 
protein was eluted with the same solution. Frac t ions  of 4 ml each were collected with an automatic co l lec-  
tor  and analyzed on the spec t rophotometer  at 280 mp. 

The 7S IgG globulins were isolated in two stages.  To begin with, the globulin fract ion was extracted 
from the serum by precipi tat ion with ammonium sulfate at 40% saturation. The globulin fract ion was d ia-  
lyzed exhaustively against  0.01 M phosphate buffer,  pH 6.6, and fi l tered through a column with D~AE A-50 
in the same buffer. 

Reduction of the hemagglutinins with 2-mercaptoethanol  was ca r r i ed  out at 37 ~ for 1 h at pH 7.3. The 
concentrat ion of 2-mercaptoethanol  in every  case was 0.1 M. 

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

Antiserum obtained after  immunization of the animals with s t roma  from sheep 's  e ry throcytes  had a 
t i ter  of 1 : 640 at 37 ~ and 1 : 10,240 at 4 ~ in the hemagglutination test.  After incubation of the ant iserum with 
0.1 M 2-mercaptoethanol  solution its t i ter  was 1 : 2560 at 4 ~ and 1 : 320 at 37 ~ The above rat io between 
hemagglutination t i le rs  at 4 ~ and 37 ~ was observed regular ly ,  before and after  t rea tment  with 0.1 M 2- 
mercaptoethanol  solution, in all ten batches of ant iserum tested. The ant i sera  did not agglutinate ke tero lo-  
gous hen 's  e ry th rocy tes  in the cold or  at 37 ~ 

The hemagglutinating serum was fractionated on a column with Sephadex G-200, and the t i ter  of cold 
and warm hemaggiutinins in each protein peak was determined before and after  t rea tment  with 2 -mercap to -  
ethanol (Fig. 1). 

The 19S and 7S fract ions of the serum proteins contain both warm and cold hemagglutinins (Fig. la). 
The 19S-hemagglutinins lost  their  act ivi ty af ter  t rea tment  with 2-mercaptoethanol .  A ve ry  slight decrease  
in t i ter  of the 7S-hemagglutinins could Lake place af ter  reduction on account of slight overlapping of the 
peaks of the 7S- and 19S-immunoglobulins (Fig. lb). The 7S IgG globulins isolated from the ant iserum on 
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Fig. 3. Immunochemieal characteristics of CH fractions 
obtained by preparative electrophoresis: a) CH titers in 
hemagglutination test; abscissa: fraction Nos.; ordinate, 
hemagglutination titecs. 1) Before reduction with 2-mer- 
captoethanol; 2) after reduction with 2-mercaptoethanol; 
b) immunoelectrophoresis of CH fractions; A) fraction 
2-5; B) fraction 6-11; C) control IgG preparation; gutters 
contain antiserum agains rabbit globulins. 

DE AE-Sephadex and, according to the results of antigen analysis, not contaminated by other serum proteins, 
in a concentration of 2 mg/n~d gave a hemagglutination reaction at 4 ~ in a dilution of 1 : 8180 and at 370 in a 

dilution of 1 : 1024. 

CH e!uted from the erythrocyte stroma at 37 ~ in a concentration of 0.5 mg/ml, had a titer of 1 : 512 in 
the hemagglutination test at 4 ~ 1 : 128 at 20 ~ and i : 4 at 37 ~ After treatment with 2-rnercaptoethanol the 

titer at 4 ~ fell to 1 : 128. 

The CH eluate possessed complement-fixing activity, for 1 rng of the preparation fixed 57,600 units of 
complement from a total of 219,600 units in the zone of equivalence. The CH eluate was tested by the meth- 
od of double diffusion in agar and by electrophoresis with serum against rabbit globulins (Fig. 2). It is 
clear from Fig. 2 that the eluate contained at least three individual proteins. One of them gave a reaction of 
complete identity with the rabbit IgG globulin isolated on D~AE-Sephadex. 

The experiments with preparative electrophoresis revealed the eleetrophoretic nonhomogeneity of the 
CH (Fig. 3a). Fractions located near the starting line (2-5) were sensitive to the action of 2-mercaptoetha- 
nol. hnrnunoelectrophoretic analysis of these fractions revealed two antigenic components with identical 
immunoelectrophoretic mobility (Fig. 3b). During irnrnunoelectrophoresis of fractions 6-11, resistant to 
the action of 2-mercaptoethanol, two components with different electrophoretic mobility and different anti- 
genic structure were discovered. One of them had a charge identical with that of rabbit IgG (Fig. 3b). 

The results described above demonstrate that CH can be obtained by immunization of rabbits with 

the strorna of sheep's erythrocytes. 

The CH are distributed in fractions 19S and 7S of the serum globulins. The 19S CH are inactivated 
by reduction with 2-mercaptoethanol, while the 7S CH are resistant to such treatment. 

The results of antigen analysis showed that CH eluted from the erythrocyte stroma belong to different 
subclasses of irnmunoglobulins. One of the protein components of CH was identified as rabbit 7S IgG. The 
presence of CH in the composition of IgG was confirmed by investigation of the fraction of this protein iso- 
lated by ion-exchange chromatography from hernagglutinating antiserum. 

Because of the absence of standard rabbit IgM and IgA preparations it was not possible to identify the 
other components of CH detected by antigen analysis. It is evident, however, that the CH fractions isolated 
by preparative electrophoresis and sensitive to 2-mereaptoethanol have properties identical with those of 
immunoglobulins of the IgM subclass. 

It follows from this investigation that in the case of repeated immunization of rabbits with strorna of 
sheep's erythrocytes, CH belonging to three different subclasses of immunoglobulins are synthesized. 

As was mentioned above, CH also belonging to the three main subclasses of irnmunoglobulins have 
been found in man in certain diseases, but in each ease, as a rule, CH of only one subclass were discovered, 
and the others were exceptions. 
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The results of the present investigation show, in particular, that if the character of the serologic be- 
havior of CH is determined by their chemical structure, it must be typical of antibodies belonging to dif- 
ferent subclasses of immunoglobulins. In this connection the identity of structure of the light chains com- 
posing the immunoglobulins of different subclasses should be borne in mind [5]. It has been shown pre- 
viously that the conformation of light chains undergoes reversible changes as the temperature is raised, 
and that the critical point for light chains of human immunoglobulins is 56 ~ [I0]. If, because of structural 
differences, the critical point for conformational changes of the light chains of CH is at 37 ~ this may entail 
reversible changes in the configuration of the active center itself at this temperature. 
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