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In previous articles we have considered the antigenic properties 
of the split products of casein ( I ) ,  of a synthetic paranuclein (2) ,  
and of protamin caseinate (3).  The main purpose of these studies 
has been to throw further light on the nature of biological specificity. 
As we have previously expressed ourselves, " O n e  of the most 
promising methods of  attack . . . would seem to lie in the search 
for newly formed antigenic properties in proteins compounded 
either of non-antigenic proteins, or of  an antigenic with a non- 
antigenic protein." Our experiments in this direction hitherto have 
for the most part led to negative results. A combination of  the 
amino acids of casein, in themselves non-antigenic, in the proportion 
in which they occur in casein, failed to produce an antibody. A 
compound .of protamin (salmin), which is non-antigenic, with casein 
gave rise to an antibody for casein only. It is true that in our 
comparative studies of split paranuclein with synthesized para- 
nuclein (2) we were apparently able to prove the genesis of anti- 
genic properties in a protein (paranuclein) synthesized from non- 
antigenic proteoses (products of  peptic digestion of  casein) by the 
reversible action of pepsin. 

Our experiments have incidentally thrown additional light on the 
relation that exists between the toxicity or non-toxicity of a protein 
and its antigenic properties, a relation that has been of particular 
importance in explaining anaphylaxis. In a general way it seems 
to be true from our  own studies and from those of other in- 
vestigators that split products of a non-toxic protein, hydrolyzed to 
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536 Antigenic Properties of Globin Caseinate. 

the point of becoming toxic, lose their antigenic properties. This is 
not a matter, however, that we are prepared to discuss at the 
present time. 

The present study deals with the antigenic properties of  our 
second compound of casein with a non-antigenic protein. Robert- 
son (4) has described the preparation and properties of the globin 
and globin caseinate that we have used. As in our previous studies, 
antigenic properties were sought for, first, by the reaction of 
anaphylaxis, and, secondly, by the test for fixation antibodies in 
the sera of animals that had been repeatedly injected with one or 
the other of the substances under consideration. 

ANAPHYLAXIS EXPERIMENTS.  

Guinea pigs, weighing f rom 3oo to 4o0 gm., were given subcutaneous injec- 
tions of I c.e. of a I per cent. solution of globin ( in N/4o hydrochloric acid) 
or of globin caseinate (in N/4o potassium hydrate) ,  and af te r  a three weeks' 
interval were injected with one or the other  of the substances in the doses indi- 
cated and with the results noted in table I. 

The anaphylaxis experiments show the toxicity of globin for 
normal animals. Globin apparently causes symptoms and lesions in 
the guinea pig in all respects similar to anaphylactic intoxication by 
a non-toxic protein-like horse serum, or a substance like peptone. 
Globin, however, is not antigenic, as determined by its property to 
sensitize for an increased intoxication by itself; guinea pigs that 
have received an initial dose of  globin react no more violently than 
normal animals to a subsequent dose of the substance (compare 
guinea pigs I28 and I39, I29 and I4I, and I3O and I4o ). 

Globin caseinate sensitized slightly to itself, more markedly for 
casein, and not at all for globin. Gtobin also fails to render anti- 
anaphylactic .an animal sensitized to globin caseinate (I33 and I34 ). 
In other words, the casein alone seems to function in anaphylactic 
sensitization and intoxication. These experiments, therefore, 
throw no further light on specificity. 

As will be seen, more definite and instructive results were obtained 
in fixation experiments with the sera of immunized rabbits. 
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TAB LE I. 

• ~ ~ In i t ia l  injection, subcutane- 
o "~..~ ously.  Inject ion after three weeks, Symptoms .  

I28  I c.c. of I per  cent .  g lobin  c.C.intraperitoneallyof I per  cent .  g lobin  IrritatiOnrecoveredand. p ro s t r a t i on ;  

I29  I c.c. of i per  cent .  g lobin  c.c. of i per  cent .  g lobin  D e a d  in  2 min . ;  e m p h y -  
i n t r a v e n o u s l y  sema;  h e m o r r h a g e s  in to  

lungs  and  pe r i ca rd ium.  

I3o  I c.c. of I per  cent .  g lob in  I c.c. of 0.2 per  cent .  g lobin  M a r k e d  s y m p t o m s ;  recov-  
i n t r a v e n o u s l y  ered. 

I 3 I  I c.c. of 1 p e r  cent .  g lob in  c.C.intraperitoneallyof I per  cent .  casein  No s y m p t o m s .  

I32 I c.c. of I per  cent .  g lobin  1.25 c.c. of g lobin  ca se ina t e  No s y m p t o m s .  
i n t r a v e n o u s l y  

133 

I34 

c.c. of I per  cent .  globin 
case ina te  

c.c. of I per  cent .  globin 
case ina te  

4 c•c. of I per  cent .  g lobin  
in t r ape r i tonea l ly .  

24 hrs. l a t e r  I c.c. of I per  
cent.  g lobin  case ina te  in- 
t r a v e n o u s l y  

I c.c. of 0.2 per  cent .  g lobin  
i n t r avenous ly .  

24 hours  l a t e r  4 c.c. of x per  
cent .  case in  in t raper i to -  
nea l ly  

I r r i t a t i v e  and  p r o s t r a t e d  
s y m p t o m s ;  recovered.  

D o u b t f u l  s y m p t o m s •  

M a r k e d  s y m p t o m s  l ike  Nos.  
I3o  and  I4o. 

Sl ight  s y m p t o m s .  

I35 c.c. of I per  cent .  g lobin  I c.c. of I per  cent .  globin D o u b t f u l  s y m p t o m s .  
case ina te  case ina te  i n t r avenous ly .  

24 hours  l a t e r  4 c.c. of I 
per  cent .  casein  in t raper i -  Doub t fu l  s y m p t o m s .  
t onea l ly  

I36  I c.c. of I per  cent .  g lobint I .~5 c.c. of g lobin  case ina te  S l igh t  s y m p t o m s ;  k i l led  in  I 
c a se ina t e  ! i n t r a v e n o u s l y  hr . ;  gas t r i c  hemorrhages .  

i 
I37 i c.c. of I per  cent .  g lobin  4 c.c. of I per  cent .  casein M a r k e d  s y m p t o m s .  

case ina te  I i n t r a p e r i t o n e a l l y  

I38  Con t ro l  1.25 c.c. of g lobin  case ina te  No s y m p t o m s .  
I i n t r a v e n o u s l y  

I39  Cont ro l  4 c•c. of I per  cent .  globin M a r k e d s y m p t o m s l i k e N o s .  
i n t r a p e r i t o n e a l l y  I28  and  I33. 

i 
i 4o  Cont ro l  II c.c. of o.2 per  cent .  globin M a r k e d  s y m p t o m s  l ike  No. 

I i n t r a v e n o u s l y  I3o;  recovered.  

I 4 I  Con t ro l  c.c. of I per  cent .  g l o b i n S e v e r e  r e s p i r a t o r y  symp-  
i n t r a v e n o u s l y  t oms ;  recovered;  chloro-  

fo rmed;  hemor rhages  in 
lung  and  l y m p h  node.  
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FIXATION EXPERIMENTS.  

Rabbits were given repeated injections of globin or globin 
caseinate and were bled a week or ten days after the last injection. 
The serum was removed the following day, inactivated at 560 C. 
for one half hour, and used for fixation experiments. An anticasein 
serum (No. IOI (rabbit)) ,  which was on hand from previous ex- 
periments, and another serum (No. 58), somewhat weaker, were 
prepared in a similar manner. 

IMMUNIZATION PROTOCOLS. 

Rabbits Treated with Globin.--Rabbit 55 was given four  intraperi toneal  in- 
jections of a I per cent. solution of globin in doses of 20, IO, IO, and 5 c.c., and 
was bled ten days later. Distinct symptoms of prostrat ion followed each injec- 
tion, from which, however, the animal recovered entirely. 

Rabbit  56 was given one intravenous injection of I c.c. of a 1.6 per cent. solu- 
tion of globin in N/4o hydrochloric acid followed by three intraperi toneal  injec- 
tions of 2o, IO, and 5 c.c. Bled ten days l a te r .  Symptoms the same as in 
rabbit  55. 

Rabbits Treated with Globin Caseinate.--Rabbit 6o was given four  i n t r a -  
peritoneal injections of a 2 per cent. solution of globin caseinate in N/4o 
potassium hydrate in doses of 6, IO, IO, and IO c.c. at intervals of  four, three, and 
ten days, and was bled six days later. The animal showed marked symptoms of 
prost ra t ion with polypuea af te r  each injection, but recovered entirely. 

Rabbit  66 was given five intravenous injections of a I per cent. solution of 
globin caseinate in doses of 2 c.c. at intervals of four days and was bled nine 
days later. The  animal showed no distinctive symptoms. 

With these sera and globin, globin caseinate, and casein as 
antigens, repeated fixation experiments were carried out. The 
technique of  the experiments is similar in all details to the one we 
have described previously. It may be noted that two preparations 
of globin were tested (5) and the globin was tried both in acid and 
in alkaline solutions (both N/4o) .  The solutions of globin 
caseinate and casein were prepared in 0.85 per cent. salt solution 
containing N/4o  potassium hydrate. A summary of the fixation 
results is given in table II. Complete fixation means absence of 
hemolysis after two hours at 37 ° C. and standing over night in the 
ice box. 

A study of the results leads to the following conclusions in respect 
to the comparative antigenic properties of globin, globin caseinate, 
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and casein: I. Globin is non-antigenic. 2. Globin caseinate gives 
rise to an antiserum that reacts with itself and almost equally well 
with casein. The antiserum also gives a definite fixation reaction 
with globin. 3. Casein gives rise to an antiserum that reacts with 
casein and almost equally well with globin caseinate. The chief 
point of interest is the fact that globin when combined with casein 
becomes antigenic. 

T A B L E  II. 

Fixation Experiments with Globin, Globin Caseinate, and Casein 
and Various Antisera. 

Ant igens ,  z per  M i n i m a l  f ixing dose wi th  var ious  an t i se ra  employed  in doses of 0. 3 c.c. 1 

cent .  solution,  in 
doses from 

o . i  c.c.  down.  

Globin I 
(acid 
solution) 

Globin I 
(alkaline 
solution) 

Globin II 
(acid 
solution) 

Globin 
caseinate 
(alkaline 
solution) 

Casein 
(alkaline 
solution) 

Ant ig lob in  
Ant ig lobin  Ant ig lobin  case ina te  
serum 55- serum 56 . se rum 60. 

Negative Negative Complete, 
O.I  C.C. 

Negative Negative ] 

Negative Negative 

Negative Negative 

Ant ig lobln  
case ina te  
serum 66. 

Partial, 
O.I  C,C. 

C o m -  
p l e t e ,  2 

0.05 c.c. 

Partial, 2 Partial, 2 
O.OI C.C. 0 . 0 2  C.C. 

Complete, Complete, 
o.oox c.c. o.oi c.c. 

Complete, Complete, 
0.OOI C.C. 0 . 0 2  C.C. 

Ant icase in  
serum i o i .  

Complete, 
O.OOI C.C. 

Complete, 
0.OOOI C.C. 

N o r m a l  
Ant i case in  rabbi t  
se rum 5 8 . serum.  

Negative Negative 

i Negative 

Negative 

Partial, Negative 
O. I  C.C. 

Partial, Negative 
0.  I C.C. 

An investigation as to the possible multiplicity of antibodies in 
the antiglobin caseinate serum immediately suggested itself. It 
seemed possible that the antiserum might contain separate antibodies 
for globin and for casein, and to investigate this possibility absorp- 
tion experiments were resorted to. The results were only partially 
conclusive owing to technical difficulties. 

i The dose of alexin fixed is I c.c. of a IO per cent. solution of fresh guinea 
pig serum. The hemolytic unit added is I c.c. of a 5 per cent. suspension of 
washed sheep blood sensitized with four minimal hemolytic doses of rabbit anti- 
sheep serum, usually about o.ooI c.c. 

2In this instance inhibition to fixation (more or less hemolysis eventually) 
occurred in higher doses. 
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Experiment r . - - T o  1.5 c.c. o f  ant iglobin caseinate  se rum 6o, di luted wi th  equal 
par t s  o f  sodium chlor ide solution, was  added  0.02 gin. o f  globin. A f t e r  remain-  
ing at 37 ° C. fo r  one hour  wi th  repeated  shaking  the  mi x t u r e  was filtered. T h e r e  
was  no evidence o f  solut ion o f  the  globin. T h e  fixing value o f  this  t r ea ted  
se rum was  then compared  wi th  the  same amounts  o f  un t rea ted  se rum 60, wi th  
globin, globin caseinate,  and casein as ant igens  wi th  the  resul ts  given in table I I I .  

TABLE III. 

Fixing Properties of Antiglobin Caseinate Serum 60 before and after 
Absorption with Globin. 

Antig . . . . .  p . . . . .  o.i c.c.t' solution,] Untreated. J . . . . .  I tion, in d . . . . .  f o.:t in d . . . . .  f i Treated Antig . . . . .  per cent. solu.]c -- Untreatedserum. ] Treated 
se rum.  

/ ] 
Globin . . . . . . . . . . . . . . .  [ Complete] Negative [ Casein . . . . . . . . . . . .  1 Complete]Complete. 
Globin caseinate . . . . . .  [Complete[ Partial [ [ ] 

It is clear from this experiment that the absorption of an anti- 
globin caseinate serum by globin removes all the fixing property for 
globin and part of the fixing property for globin caseinate, but none 
of the fixing value for casein. This seems to indicate the presence 
in antiglobin caseinate of two antibodies, one of which reacts with 
gl.obin and one with casein, and both, of course, with globin case- 
inate. It was unfortunately impossible to prove this conclusively 
by the reverse absorption experiments ,with globin caseinate and with 
casein. This was due to the fact that casein goes almost entirely 
into solution in serum, and globin caseinate partially into solution, 
leaving a filtrate which is in itself a fixing combination. Attempts 
to obviate this solution by adding sufficient N / I o  hydrochloric acid 
to neutralize the serum, with or without subsequent return to normal 
by the addition of aliquot parts of potassium hydrate after remov- 
ing the casein, were not successful, as the casein still went into solu- 
tion in the neutral serum and the antibody for globin, as tested 
by a control serum neutralized by the acid alone, was apparently 
destroyed. This latter fact may explain why globin in alkaline 
solution was better fixed by the antiglobin caseinate serum than 
when in acid solution. 

SU~IVIARY. 

This study of globin and its compound with casein (globin 
caseinate) shows that globin fails to produce fixation antibodies in 
rabbits after repeated injections, thus agreeing with our own work 
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and with that of others with similar histon bodies which are 
primarily toxic. When globin is combined with casein, however, 
it gives rise to antibod,ies that react not only with globin caseinate 
and casein but also with glo,bin. The antibodies in antiglobin casein 
serum are apparently separate, one for globin and one for casein. 
In other words, the change in globin undergone on combination with 
casein has apparently rendered it antigenic. 

We did not succeed in demonstrating the genesis of this new 
antigenic property by anaphylaxis experiments. 

A further investigation of similar and more complex combined 
proteins is indicated and gives promise of more light on the nature 
of biological specificity. 
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