
QUANTITATIVE EXPERIMENTS WITH ANTIBODIES TO A 
SPECIFIC PRECIPITATE 

III. ANTIOENIC PROPERTIES OF HORSE SERUM FRACTIONS ISOLATED BY 

ELECTROPHORESIS AND BY ULTRACENTRIFUOATION* 

BY HENRY P. TREFFERS, PH.D., DAN H. MOORE, PH.D., AND 
MICHAEL HEIDELBERGER, PH.D. 

(From the Department of Medicine, and tke Electropkoresis Laboratory, College of 
Physicians and Surgeons, Columbia University, and the Presbyterian Hospital, 

New York) 

(Received for publication, October 28, 1941) 

The relation of antibodies to each other and to the other serum proteins is a 
subject of considerable theoretical interest and practical importance. Since 
antibodies are proteins advantage may be taken of a common property of that 
class of substances--the ability to act as antigens--in carrying out this com- 
parison. In the first study of the present series (1) rabbits were injected with 
a washed specific precipitate composed of the Type II  pneumococcus specific 
polysaccharide and the corresponding anticarbohydrate from a Type II  anti- 
pneumococcus horse serum. As the polysaccharide is non-antigenic in the 
rabbit (2) this procedure is immunologically equivalent to injecting pure 
antibody protein. The resulting anti-antibody rabbit serum was absorbed 
quantitatively with a variety of specific precipitates derived from horse serum. 
In a second paper (3) the data were extended to include the behavior of both 
horse and rabbit specific precipitates in immune chicken sera. 

On the basis of their behavior as antigens the horse antibodies were found to 
fall into two groups, which corresponded with the immunological classification 
into antibacterial and antitoxic (prezone) antibodies already noted by Ando 
(4). The almost identical antigenic properties of the various antibacterial 
antibodies from horse sera suggested that at least the major portions of the 
protein molecules must be identical. However from this evidence alone it was 
not possible to decide whether antibacterial antibodies are normally occurring 
globulins, slightly modified to enable them to react specifically with the ap- 
propriate antigen, or whether they constitute a new antigenic fraction not 
present in normal serum. Inasmuch as certain fractions containing antibodies 
have been isolated from immune sera by ultracentrifugation (5, 6) and by 

* The work reported in this communication was carried out under the Harkness 
Research Fund of the Presbyterian Hospital. 
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electrophoresis (7) i t  seemed possible tha t  an immunological  s tudy  of these and 
corresponding fractions from normal  horse sermn might  provide fur ther  evi- 
dence on this point .  

Methods and Materials 

Ultracentrifuge.--Most of the preparative and all of the optical runs were made in 
an air-driven ultracentrifuge (8) kindly placed at our disposal by Dr. Aura E. Sever- 
inghaus of the Department of Anatomy of the College of Physicians and Surgeons. 
Sedimentation constants were determined at room temperatures merely for the 
purpose of identifying the proteins. 

Electrophoretic Apparatus.--Mobilities were determined in the Tiselius apparatus 
(9), preferably with the Longsworth scanning method, while the Philpot-Svensson 
cylindrical lens was found convenient in guiding separation procedures. All solu- 
tions were dialyzed for at  least 2 days in cellophane bags against several changes 
of buffer at  ice box temperatures. The completeness of the dialysis was tested in 
several instances by calculation of the constancy of the refractive index increments 
of several dilutions of the protein solution with buffer. The relative refractive index 
measurements were made with an interferometer. 

Anti-Antibody Serum.--This was the rabbit serum pool used in the earlier studies 
and resulted from injection of rabbits with a washed specific precipitate derived by 
reaction of Type I I  pneumococcus specific carbohydrate with Type I I  antipneumo- 
coccus horse serum H513.1 Ultracentrifugal and electrophoretic analyses of the 
serum were carried out, both before and after absorption with polysaccharide. 

In electrophoresis no definite peak corresponding to a component migrating be- 
tween the jS- and the "y-components was found in the unabsorbed serum as would 
have been expected from electrophoretic measurements on certain other anti-Pn 
horse sera (7). Measurements were made of the area under the curves, the average 
ratios of the a - , / ~ - ,  3,-areas to the albumin area being 0.36, 0.44, and 1.39 for the 
unabsorbed serum. After absorption with the Type I I  specific polysaccharide the 
corresponding ratios were 0.34, 0.37, and 0.72. The decrease in the first two ratios 
is probably within the experimental error, although the association of a small amount 
of antibody with the fl-fraction is not excluded. I t  is apparent, however, that in 
this particular case most, if not all, of the antibody had the mobility of a 3,-globulin 
(cf. 10) (Table II) .  

Ultracentrifugal data on a globulin solution from this same bleeding have since 
been reported elsewhere (11). They indicate 2 that the antibody is quite polydis- 
perse; although most of the antibody had a sedimentation constant of s = 18 )< 
10 -13 cm. per second per dyne, there were appreciable amounts with s = 11 and 30 
(Table I). 

1 Obtained through the courtesy of Dr. A. B. Wadsworth and Dr. H. W. Lyall of 
the New York State Department of Health Laboratories. 

2 We wish to thank Dr. A. M. Pappenheimer, Jr., for his kindness in sendingus 
the complete data before publication. They were made by the Lamm scale method 
in the Svedberg ultracentrifuge at the University of Wisconsin. 
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Fractions Isolated from Normal and Immune Horse Sera by Ultracentrifugation.-- 
Serum from normal unimmunized horses contains a small amount  of a high molecular 
weight component of s = 18 X 10 -la (12). This fraction increases markedly with 
immunization in certain instances and part  of this new globulin has been identified 
as antibody (5). The rapidly sedimenting protein from two samples of normal horse 
serum was therefore isolated for comparison with the purified antibody solutions 
previously investigated (1). 

Preparation 1 :112  ml. of normal horse serum a were diluted 1:1 with saline and 
and enough merthiolate 4 to give a final concentration of 1:10,000, and run in two 
portions in an angle ultracentrifuge 5 at  36,000 I~.I,.M. for 7½ hours. The rotor head 
was chilled before the run. The small amount  of jelly at  the bot tom of the tubes was 
quickly washed by decantation and redispersed in cold saline. The combined solutions 
were spun down again in the ultracentrifuge. Yield about 7 mg. of protein. Approxi- 
mate sedimentation constants were determined in the optical ultracentrifuge (Table 

TABLE I 

Approximate Sedimentation Constants of Antigen Fractions from Horse Sera 

Preparation 

Heavy globulin from normal serum, preparation 1 . . . . . . . . . . . .  
" globulin from normal serum, preparation 2a . . . . . . . . . . .  
" "" " - -  " preparation 2b. 

Anti-Pn II  serum H513, antibody containing Components ~ . . . . . .  
7-Globulin isolated by electrophoresis of normal serum . . . . . . . .  
7-Globulin isolated by electrophoresis of immune serum . . . . . . .  

Sedimentation constant X 10 Is 
(cm./sec./dyne) 

Other compo- 
Main nents, in order 

component of 
concentration 

18 11, 5 
15 6 
18 7 
18 11, 30 
8.3 

23 8 

I) after which the material  was redispersed and used in the quant i ta t ive  precipitation 
determinations recorded in Table I I I .  

Preparation 2: 650 ml. Of another lot of normal horse serum preserved with 1 : 10,000 
merthiolate were diluted with an equal volume of water, and 1350 ml. of sa turated 
ammonium sulfate run in drop by drop with stirring. The globulin was allowed to 
stand overnight, centrifuged, and the precipitate dissolved in water and dialyzed 
against 0.9 per cent saline. The solution was then run in two portions in the ultra- 
centrifuge for 4½ hours at  48,000 R.P.M. The solutions and the centrifuge head 
were kept in the ice box before the run, and the temperature at  the end of the run 

We are indebted to Dr.  A. J. Weil and Dr. W. G. Malcolm of the Lederle Labora- 
tories for the normal horse sera. The horses were in good health at the time of 
bleeding, and had not been used for any immunization experiments. 

4 Manufactured by Eli Lilly and Company, Indianapolis. 
5 We are indebted to Dr.  Jacob Fur th  and Dr. Elvin A. Kaba t  of the Depar tment  

of Pathology of the Coruell Universi ty Medical College for the use of their air-driven 
ultracentrifuge. 
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did not exceed 32°C. The jelly deposited during the first centrifugation was re- 
suspended in saline and recentrifuged with the second portion. Both sediments 
were again resuspended in saline, merthiolate was added to 1:10,000, and the solu- 
tions were allowed to stand for a month to permit complete redispersion. An optical 
run was then made (preparation 2a, Table I). I t  showed two components, of sedi- 
mentation constants s ~ 18 and s -~ 7, the former comprising about 50 per cent of 
the protein. A portion of this material was kept for quantitative precipitin determi- 
nations. The remainder of the solution was again centrifuged in the quantity head 
at 36,000 R.P.M. for 2} hours. The resuspended jelly was then allowed to stand for a 
month before optical analysis (preparation 2b, Table I). The same two components 
were present but the heavier material had increased about fourfold. An electro- 
phoretic analysis was also performed on this solution (Table II) .  

Fractions Obtained by Electrophoresis.--Two samples of normal horse serum were 
subjected to prolonged electrophoresis in buffers containing 0.15 M NaC1 and 0.02 M 
phosphate at pH 7.6. In one case it was possible to remove a part of the 3,-globulin, 
in another a small amount of r-globulin (cf. 13). The "y-globulin solution was re- 
dialyzed and run again to provide more accurate mobility data, and to verify the 
electrophoretic homogeneity (Table II) .  I t  proved to be quite homogeneous on 
ultracentrifugation as well (Table I). A portion of the -r-globulin was also removed 
from a bivalent (Types I and II)  antipneumococcus horse serum H6225 (Table II) .  
Insufficient material was available to permit a determination of the amount of anti- 
body present, but from the sedimentation photographs it was estimated that about 
75 per cent of the protein was rapidly sedimenting. -r-Globulin was also isolated 
from a weak goat Type I I  antipneumococcus serum, but contained very little anti- 
body. A solution of the -r-globulin from normal pig serum was also available, e I t  
did not react with the antiprecipitate rabbit serum when tested at concentrations up 
to 0.28 mg. N per ml. of serum. A diluted unfractionated antipneumococcus horse 
serum was also tested against the rabbit serum. 

Analytical Yrocedure.--Accurately measured portions o f  the rabbit antiserum 
against the horse Type I I  antipneumococcus specific precipitate were set up at 0°C. 
with varying amounts of the antigens described above. The analytical methods 
were those described previously (1, 14). The tubes containing the precipitates 
were allowed to stand in the ice box, with occasional mixing, for 48 hours, followed 
by centrifugation in the cold. 7 The precipitates were then washed twice with 3 ml. 
portions of cold saline. Nitrogen in the precipitates was determined by a modifica- 
tion of the micro-Kjeldahl method. Tests made on the supernatants indicated 
whether all of the added antigen had precipitated. In  those instances in which it 
had, the antibody nitrogen was taken as the difference between the total nitrogen 
found and the added antigen nitrogen. In some cases of incomplete precipitation 
of the added antigen it was possible to determine the amount of antigen left in the 
supernatants by setting the latter up with another portion of serum (15). Antibody 

6 Obtained through the courtesy of Dr. Elvin A. Kabat,  now of the Neurological 
Institute, Columbia University Medical Center. 

7 In a refrigerated centrifuge supplied by the International Equipment Company, 
Boston. 
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nitrogen was then determined by deduction of the corrected antigen value from the 
total N (Tables I I I -VI I ) .  

Qualitative Inhibition Reactions with Sheep Serum.--A portion of the rabbit anti- 
precipitate serum was tested with increasing amounts of unfractionated sheep serum 
globulin solution. A marked precipitate could be obtained at certain dilutions of 
the antigen; a large excess completely inhibited precipitation. Three portions of the 
rabbit antiserum were then set up with the same excess of sheep globulin. One was 
kept as a control. To another was added an equivalent amount of a solution of 
normal horse globulin, preparation 2b. The last portion was treated with an amount 
of goat v-globulin solution which gave a good precipitate in the absence of the sheep 
globulin. The tubes were allowed to stand overnight, after which it was found that  

TABLE II 
Electrophoretic MoMlities of Antigen Fractions in Buffers Containing 0.15 ~t NaCl and 0.02 

Phosphate 

Preparation 

Jltracentrifuged globulin from normal 
horse serum, preparation 2b. 

knti-Pn II  horse serum H513, unab- 
sorbed... 

~ame, after absorption with S II .  .. 

r-Globulin, from normal horse serum.. 

,-Globulin from immune serum . . . . . . .  

,-Globulin from goat serum. 

Descending mobilitiesX10 6 
cm./volt/sec. 

- -2 .4  - -1 .4  - -0 .7  

--3.4 --3.0 --0.7 
--4.0 --3.2 --0.6 

--1.3 

--0.7 

--1.2 

pH 

6.41 

7.55 
7.55 

7.60 

7.49 

7.61 

Remarks 

-r-Fraction mark. 
edly decreasec 

Single compo 
nent 

Single compo 
nent 

Single compo 
nent 

precipitation had occurred only in the tube containing the added normal horse 
globulin. I t  was evident therefore that an excess of sheep globulin can completely 
inhibit the cross-reaction of the rabbit anti-specific precipitate serum with goat 
v-globulin. There was apparently no inhibition of the homologous reaction. 

FINDINGS AND DISCUSSION 

In  recent  years  much information has become avai lable  on the physical  
propert ies  of horse serum proteins.  Ul t racentr i fugal  analysis  has shown the 
presence of several globulin components  in normal  horse serum. The  largest  
in amount  is contained in the component  with a sedimenta t ion  constant ,  s, of 
7, with traces of heavier  p r o t d n  of s = 11; 18, or 32 (12). In  ant ipneu-  
mococcus horse serum the concentrat ions of the heavier  fractions, par t icu lar ly  
t ha t  of s --  18, are marked ly  increased. Mos t  of this  new mater ia l  is ant i -  
body  (5, 6). 
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Another type of analysis can be made with the aid of electrophoretic methods. 
Tiselius has shown (16a) that there are at least three globulin components in 
normal horse serum. Of these, the a - , /~ - ,  and "r-globulins are characterized 
by mobilities of -3 .8 ,  -3 .1 ,  and - 1 . 0  X 10 -5 respectively, in buffers of ionic 
strength 0.15 at pH 7.7. Tiselius and Kabat have reported (7) the antibody 
in antipneumococcus horse sera to have a mobility of --1.6 to --1.8 under the 
same conditions, although some sera showed an additional antibody of lower 
mobility, - 0 . 3  to --0.9. Moore, van der Scheer, and Wyckoff on the other 
hand found (10) that all of the antibody in their antipneumococcus sera had a 
mobility corresponding to that of the "r-globulin. Confirmation of the presence 
of antibody migrating between the fi- and 7-components in other sera has been 
made however (17). 

Relatively few studies have been made on the sedimentation constants of 
material isolated by electrophoresis, or the mobilities of fractions prepared by 
ultracentrifugation. Tiselius has reported (16a) that horse serum albumin 
obtained by electrophoresis had the same sedimentation constant as crystalline 
serum albumin, and that normal horse "r-globulin is also practically homo- 
geneous, with s = 7.0 X 10-13. The a- and fi-globulins examined were more 
complex; in addition to the main components of s = 6.7, there were others with 
s = 3.1 and 18 (cf. also 16b). Electrophoresis of purified antipneumococcus 
horse antibody solutions which showed polydisperse material in the ultra- 
centrifuge revealed the presence of increased amounts of material of mobility 
/~ = --0.3 to --0.9, as well as the component/z = --1.7 previously identified 
as antibody (7). The "y-globulin from normal horse serum has recently been 
shown to be inhomogenous with respect to solubility (18). 

In the present study information was desired on the immunological properties 
of fractions in normal horse serum which corresponded in physical properties 
with components present in immune sera. I t  was first established 2 that the 
major part of the antibody in the horse serum H513, from which the immunizing 
specific precipitate was derived, was rapidly sedimenting (Table I). The 
rabbit antiserum to horse anti-Pn I I  (anti-antibody serum) therefore contained 
antibody directed against a protein of high molecular weight. Electrophoretic 
study of H513 showed that the antibody was mainly in the 3,-globulin fraction. 

Since it has been established that normal horse serum contains a small 
amount of a high molecular weight component of the same sedimentation 
constant as antibody (12, 5) it was attempted to isolate enough for comparison 
with the antigenic properties of antibody fractions. Sera from two normal, 
unimmunized horses were used. By differential ultracentrifugation it was 
possible to free most of the rapidly sedimenting material from the lighter 
components (preparations 1 and 2a, b). The analytical control of preparation 
2 was the more complete, and the product was purer, although neither lot was 
homogeneous. (Tables I and II.) 
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Both  preparations were set up against the rabbit  ant i -ant ibody serum. 
Preparation 1 removed only about  one-half of the total ant ibody present 
(Table I I I ) .  Preparation 2a precipitated more of the antibody, and after further 
ultracentrifugation precipitated practically all of the ant ibody N from the 

TABLE III  
Precipitation of Rabbit Anti-Pn H Horse Specif~ Precipitate Serum by Heavy Components 

of Normal Horse Serum per 1.0 Ml. Serum, O°C., 48 Hours 

Antibody N 
Antigen N Antigen N Total N pptd. Antibody N 

added pptd. pptd. Antigen N 
ratio in ppt.* 

m g .  rag. rag. rag. 

Test antigen: ultracentrifuged globulin from normal horse serum 
0.041:~ Total 0.170 0.129 3.1 

0.068 " 0.168 2.5 
0.095~ " 0.189 2.0 
0.136 0.129§ 0.231 1.8 

0.181 

T e s t s  o n  supernatants 

preparation 1 
Excess antibody, no 

antigen 
0.236 " " 
0.284 . . . .  
0.360 Slight excess 

antigen 
0.151 § 0.356 0.205 1.4 Excess antigen 

Mg. antibody N pptd. -- 4.9 (antigen N) -- 9.0 (antigen N) 3/2 

0.026H 

0.034** 
o.o51~ 
0.102 
0.153 

0.204 

Test antigen: ultracentrifuged globulin, preparation 2b 

t~ 

t t  

(o. 15o) 

Total 0.192 

0.249 
0.326 
0.510 
0.610 

0.638§§ 

0.166 

0.215 
0.275 
0.408 

(0.460) 

6.4 

6.3 
5.4 
4.0 

(3.1) 

Excess antibody, 
no antigen 

~ c t  

Traces antigen and 
antibody 

Excess antigen, no 
antibody 

en N) 3/2 Mg. antibody N pptd. -- 9.0 (antigen N) - 15.5 (anti 

* Assuming all of the antigen N to be precipitated. 
:~ Single determination only. 
§ From analysis of the supernatant. 
[] Quadruple quantities of antigen and serum used for analysis to insure greater accuracy. 
** Triple quantities used. 
:~:~ Double quantities used. 
§§ Supernatant gave no precipitate with salt-dissociated Pn I antibody solution. 

rabbit  serum (preparation 2b, Table I I I ) .  This indicated tha t  the heavy 
protein which now constituted the bulk of the preparation was the active anti- 
gen, the lighter components in preparation 2a having possibly caused partial 
inhibition. A comparison of the antigenic properties of these materials with 
other antigens including the salt-dissociated ant ibody solutions studied previ- 
ously (1) is given in Fig. 1. 



142 ANTIBODIES TO A SPECIFIC PRECIPITATE,  I I I  

I t  is evident tha t  preparat ions isolated by  similar procedures from two dif- 
ferent samples of presumably normal  horse serum have dissimilar immunologi- 
cal properties. In  the one instance a product  with antigenic properties 
approaching those of the original pneumococcus ant icarbohydrate  was ob- 
tained. This finding raises the question whether a horse with no previous 

Q)~,S 

rd 

a30  

~ a2S 

~5 

I I I I 1 I I 

- 2 

5 "'o5b 

I I I I l I I I 
o aoz ~o4 ao~ ( ~  o.lo oaz o.14 a~  

/~8. l~nti~en (9 Added or Precipitated 

FIG. 1. Precipitation of an anti-antibody rabbit serum by various antigens: Curve 
1, • = Pn I, I I  horse ~-globulin; • = Pn I I  salt-dissociated antibody solution 
(1); V = Pn I salt-dissociated antibody solution (1) ; Curve 2 = normal horse heavy 
globulin, preparation 2b; Curve 3 (total N precipitated) = normal horse ~-globulin; 
Curve 4 = normal horse heavy globulin, preparation 1; Curve 5a = normal horse 
~,-globulin; Curve 5b (total N precipitated) = normal horse ~'-globulin; Curve 6 
(total N precipitated) = goat ~/-globulin. 

history of immunization might not a t  some time have been subjected to an 
unrecognized infection sufficient to induce ant ibody formation. The  problem 
could only be solved by  extensive experiments. 

Less uncertain are the differences in antigenic behavior  between a normal  
~,-globulin and ")'-globulin containing ant ibody (Table IV). In  this instance 
two serum proteins which have the same electrophoretic mobil i ty and are 
homogeneous by  tha t  physical criterion can be distinguished from each other 
by  a second physical method,  ultracentrifugation, and by  the immunological 
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method. (Tables I, II, IV, and Fig. 1.) An interpretation of this behavior 
in terms of the quantitative reaction constants is given below. 

A sample of the low molecular weight/5-globulin from normal  horse serum 

also cross-reacted with the anti-specific precipitate rabbi t  serum (Table V). 

TABLE IV 

Precipitation of Antibody from Rabbit Anti-Pn I I  Horse Specific Precipitate Serum by Fractions 
Isolated by Electrophoresis from Normal and Immune Horse Sera 

per 1.0 Ml. Serum, O°C., 48 Hours 

Antigen N 
added 

mg.  

o.o18~ 

0.030, 
0.038§ 
o.o5 11 
0.076 

0.101[[ 
0.152 

Antibody N 
Antigen N Total N pptd. Antibody N pptd. pptd. Antigen N Tests on supernatants 

ratio in ppt.* 

mg.  mg.  mg.  

Test antigen: 3,-globulin solution from normal horse serum 
Total 0.149 0.131 7.3 Excess antibody, 

t t  

t t  

t t  

Incomplete 

0.213 
0.243 
0.296 
0.354 

" 0.356 
" 0.306 

0.183 
0.205 
0.245 

6.1 
5.4 
4.8 

no antigen 

t c  c c  

Both antibody and 
antigen 

Mg. antibody N pptd. = 10.8 (antigen N) -- 26.6 (antigen N) */2 

Test antigen: 3,-globulin solution from an antipneumococcus horse serum 
0.027§ Total 0.229 0.202 7.5 Excess antibody, 

no antigen 
0.055 ][ Total 0.381 0.326 5.9 . . . .  
0.073][ " 0.456 0.383 5.2 . . . .  
0.110 0.108"* 0.562 0.454 4.2 Excess antibody, 

trace antigen 
0.137 0.131"* 0.606 0.475 3.6 Trace antibody and 

antigen 
Mg. antibody N pptd. = 10.8 (antigen N) -- 19.8 (antigen N) a/2 

* Assuming that all of the added antigen is precipitated. 
:~ 2.5 times this quantity of antigen and serum used for analysis. 
§ Double quantities used. 
[[ One and one-half quantities used. 
** From analysis of supernatant. 

A complete curve could not  be constructed as the sample was antigenic.ally 
inhomogeneous, bu t  the data differentiate it dear ly  from the ant ibody con- 
taining fractions. An a t t empt  was also made to s tudy the immunological 

behavior of an t ibody migrating faster than the 3'-component, bu t  in two sera 
which contained appreciable amounts  of this component  a portion of the ant i-  
body occurred in the y-globulin fraction as well (cf. 6). A specific precipitate 
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made from one of these sera had practically the same quantitative properties 
as the ~-antibody specific precipitates (1). Another form of antipneumococcus 
horse antibody having a molecular weight of 150,000 has recently been reported 
(11). No samples were available. 

Marrack and Duff (19) concluded that a whole globulin solution from normal 
horse serum removed only a portion of the antibody from anti-specific precip- 
itate serum. However, when we used whole antipneumococcus horse serum 
as antigen the total N precipitated corresponded to that expected from the 
antibody content of the serum (cf. 4). 

I t  will be noted from Fig. 1 that antipneumococcus Types I and II  horse 
antibodies isolated by salt dissociation and used as antigens follow closely the 
curve for the 7-globulin from an antipneumococcus horse serum. The data 
may be expressed by an equation which has been found to represent satis- 

TABLE V 

Precipitation of Antibody/tom Rabbit Anti-Pn II  Horse Specific Precipitate Serum with Normal 
Horse O-Globulin per 1.0 Ml. Serum, O°C., 48 Hours 

Antigen N 
added 

~ng. 

0.020 
0.072 
0.109 

Antigen N 
pptd. 

mg. 

Total 
Incomplete 

~c 

Total N pptd. 

mg. 

0.10 
0.24 
0.32 

Antibody N 
pptd. Tests on supernatants 

mg. 

0.08 Excess A, no antigen 
(0.17) Excess antigen, no A 
(0.22) Excess antigen, no A 

Single determinations only. 

factorily the behavior of a number of other protein-antiprotein systems 
(20, 21, 1): 

rag. antibody N precipitated = kl (antigen) -- k~ (antigen) 8/z . . . . . . . . . . . .  (1) 

This equation must be regarded as empirical, for it is not yet possible to give 
the constants definite chemical and immunological significance as is the case 
with the second power relation derived for a number of other systems (14, 21). 
Several conclusions may be drawn, however, when reactions show identical 
constants. The variation in the constants for the reactions of the "y-globulin 
solution (Table IV) and the salt-dissociated antibody solutions (1) are within 
the limits of experimental error. This would indicate that no significant 
change in antigenic properties had occurred during the chemical treatments 
with salt. The somewhat lower constants for the reaction of the heavy normal 
globulin, preparation 2b, (Table III)  are probably due to other antigens of 
lesser reactivity still remaining (see p. 141). 

If the equations for the above are compared with that for the reactivity of 
the normal horse "),-globulin with the same anti-antibody serum it will be noted 
(Table IV) that the decrease in precipitating power of the normal globulin to 
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about one-half of the others is reflected in the different reaction constants 
obtained• If, however, the equations for the normal and immune "r-globulins 
are recalculated 8 to the same maximum of 1.0 mg. of antibody N removed, the 
constants of the equations become identical (Table VII), the equation being 
expressed as 

rag. antibody N precipitated = 10.8 (Gb N) --  13.6 (Gb N) 3/2 . . . . . . . . . . . .  (2) 

where Gb N is the amount of normal or immune 7-globulin-nitrogen. The 
reactivity of the normal horse 7-globulin per rag. of antibody precipitated is 
therefore the same as that of the immune 7-globulin antigen, and it is evident 
that the portion of the rabbit antibody which is precipitated by both globulins 
is incapable of distinguishing between them. The remaining portion of the 
antibody precipitates only the immune globulins or the heavy normal horse 
protein• These findings may be compared with others from this laboratory, 
in which it was noted that a cross-reacting antibody solution reacted equally 
well with two different pneumococcus specific polysaccharides (22) or that 
serum supernatants from the absorption with heterologous polysaccharide (23) 
or specific precipitate (1) still yielded the same reaction curve with the homo- 
logous antigen as did the original serum, when calculated to the same antibody 
content. 

The following hypothesis may be advanced to account for the cross reaction 
of normal horse "),-globulin with antisera to the 7-globulin from immune sera. 
The chemical composition of antibodies and normal globulins from the same 
species appears to be quite similar (24). The striking differences between the 
two v-globulins are the sedimentation constants and therefore the molecular 
weights, approximately 150,000 and 910,000• If the large size of the immune 
7-globulin were due to a polymerization of six specifically altered 7-globulin 
units, it might account for the cross-reaction of a single normal 7-globulin unit 
with antiserum toward the polymerized molecule. Such specific groups on the 
antibody 7-globulin molecule as are responsible for its function as an antibody 
need not be taken into account here since they apparently are not antigenic 
(1, 3). 

If this view were correct, the cross-reaction of the normal horse 7-globulin 
with an antiserum to the larger immune 7-globulin would be analogous to the 
precipitation of horse antisera to undegraded pneumococcus carbohydrate by 
various degraded pneumococcus polysaccharides (25). In Table VII are given 

8 The amount of antigen required to precipitate the calculated maximum amount of 
antibody, A, may be found by differentiating equation (1) with respect to the antigen, 
and equating to zero (cf. 21). Specifically, equation (2) becomes 10.8 - 3/2 X 13.6 
(Gb N) ~ = 0, and is solved for Gb N. Substitution of this new antigen value in 
equation (1) gives the corresponding maximum A. Conversion to a basis of 1.0 rag. 
A may be made by multiplying the slope, k~, by the ~/X calculated above. 
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data on the reaction of a number of Type I I I  pneumococcus polysaccharides 
which had been partially hydrolyzed by acids. This treatment is known to 
break down the polysaccharide chain into shorter units (25) and can be followed 
by changes in the viscosity or in the amount of reducing groups. I t  will be 
noted that in spite of the smaller quantities of antibody precipitated by a given 
amount of the acid-treated polysaccharides, the reaction constants calculated 
to a common maximum amount of antibody precipitated (1.0 mg. N) are 
remarkably similar to each other and to those for the untreated material. In 
contrast is the behavior of the Type I pneumococcus polysaccharide treated 
with alkali. Under these conditions changes in the polysaccharide are known 
to be more complex than simple depolymerization (2 b, 26). The data avail- 

TABLE VI 

Cross Reaztlon of ?-Glob~in from Goat Serum ~ h  Antibody from RabMt A~i-Pn I I  Horse 
Spe~ifi~ Precipitate Serum per 1.0 ML Serum, O°C., 48 Hours 

i h 

Antigen N Antigen N -~td [ Total N [ " Antibody N AntxbodyN: 
added " in ppt.* vv • pptd. pptd A n t ~ e n i ~  

mg. { mg.  [ mg. I mg. [ [ 

o.o15~ 
o.o3ot 

0.060§ 
0.090 
0.120§ 

Tests o n  s u p e r n a t a n t s  

Total 
Incomplete 

t ,  

c~ 

cc 

Test antigen: ~,-globulin of goat serum 
0.052 0.037 2.5 Excess A, no antigen 
0.092 Slight amount antigen and anti- 

body 
0.132 Excess antigen, trace antibody 
0.126 Excess antigen 
0.108 " " 

* Assuming all of the added N to be precipitated. 
Double quantities of antigen and serum actually used. 

§ Single determination only. 

able, while less numerous, are quite concordant and show dearly the marked 
differences in the reaction curves produced by the action of alkali on this 
antigen. 

A slight cross-reaction with the anti-antibody rabbit serum was observed 
for the isolated "r-globulin from goat serum (Table VI). No sedimentation 
data were available for this preparation. Comparison could be made, however, 
of the relative precipitating powers of two antigenic fractions from two different 
species toward antisera to one of them. From Tables I I I  and VI it may be 
estimated that the goat ~,-globulin removed about 15 per cent of the anti- 
body toward the homologous (horse) antibody "y-globulin. A preliminary 
analysis of the cross-reactivity of electrophoretically isolated goat albumin 
against a rabbit antiserum to crystalline horse serum albumin showed that 
the antibody N precipitated in the equivalence zone was about 10 per cent of 
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t h a t  r e m o v e d  b y  t h e  h o r s e  a l b u m i n .  9 T h e  o rde r  of m a g n i t u d e  in t h e  cross-  

r e a c t i o n s  b e t w e e n  g o a t  a n t i g e n s  a n d  r a b b i t  a n t i s e r a  to  t h e  c o r r e s p o n d i n g  

f r a c t i o n s  f r o m  ho r se  se ra  is t h u s  t h e  s ame .  

TABLE VII 

Precipitin Reaction Characteristics, with Antibody N Precipitated at One Antigen Level, and 

Empirical Reaction Conatants Calculated to a Maximum of 1.0 Mg. of Precipitable 

Antibody 

Preparation 

Antibody N I Reaction constants, equation (1) 
pptd. per ral. I per 1.0 rag. maximum antibody 

Iby given amount I _ _  _ 
of antigen 

[(experimental) I Intercept, k1 I Slope, k, 

mg. 

Rabbit  anti-specific precipitate serum with horse globulin fractions 

0.05 rag. protein 
antigen N 

Pn I I  antibody solution (1) . . . . . . . . . . . . . . . . . . .  
Pn I antibody solution (1) . . . . . . . . . . . . . . . . . . . .  
Antibody 3,-globulin . . . . . . . . . . . . . . . . . . . . . . . . . .  
Normal ^/-globulin . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Normal heavy globulin, preparation 1 . . . . . . . . . .  

" " " preparation 2b . . . . . . . . .  

0.320 
0.305 
0.310 
0.240 
0.145 
0.270 

10.9 
9.9 

10.8 
10.8 
4.9 
9.0 

13.9 
11.9 
13.6 
13.6 
4.1 

10.3 

Horse anti-Pn I I I  antibody solution and various S H I  preparations* 

III 0,15 rag. S 

Untreated S I I I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.12 
S III ,  HC1 A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.90 
S III,  H~SO4 B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.68 
S I I I ,  HC1 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.62 
S HI, HC1 D . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.36 

S I I I ,  H~SO, C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.30 

39.5 
40.0 
41.4 
40.7 
39.5 

{ 43.5~ 
37.0 

95 
98 

102 
100 
96 

{ lllg 
87 

Horse anti-Pn I serum and S I preparations§ 

0.15 rag. S I 

S I, untreated . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.340 12.8 17.6 
S I, treated with alkali a t  37 °. . . . . . . . . . . . . . . . . .  0.220 10.7 13.5 

* Calculated from (25) and unpublished experiments in this laboratory by Dr. Forrest 
E. Kendall. The fractions are described in (25). 

Because of the scattering of the points about a straight line, the highest and lowest values 
calculated from the data axe given. 

§ From unpublished data by Mrs. H. F. Havas. 

T h e  t e c h n i q u e  m o s t  c o m m o n l y  u s e d  in d e t e r m i n i n g  t h e  degree  of zoologica l  

r e l a t i o n s h i p s  is to  i n j e c t  r a b b i t s  w i t h  t h e  whole  s e r u m  of one  species  a n d  to  t e s t  

9 The  serum used was cal ibrated by  Mr.  Manf red  M a y e r  of this  laboratory.  
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the resulting antiserum with whole serum from another species. Interpreta- 
tion of the results is complicated by a number of factors. Whole serum is a 
mixture of antigens which may differ considerably in their relative concentra- 
tions and in their antigenic powers. An undue proportion of the antibodies 
produced might therefore be directed toward a minor serum constituent. If 
this complicated mixture of antigens and their antibodies is examined by the 
usual dilution methods multiple zones of precipitation often result, with partial 
or complete inhibition of some of the reacting systems. The use of dilution 
methods and whole serum would, for example, completely obscure the relation 
between the antigenic properties of the normal horse "g-globulin and the im- 
mune horse "g-globulins traced above. 

A more direct method would be to study the antigenic properties of one or 
more homogeneous fractions isolated by chemical methods or by electro- 
phoresis or ultracentrifugation from the sera to be compared. The interaction 
between these antigens and their antibodies could then be satisfactorily deter- 
mined by quantitative absolute methods, such as have already proved useful 
in comparing the species specificities of mammalian thyroglobulins (27). 
Further studies along these lines would show whether the percentage of cross- 
reaction of various serum fractions is constant for related species (as in the 
instance of the horse and goat albumins and "g-globnlins here reported) or 
variable, with perhaps limiting cases in which only the albumins (or globulins) 
possessed groupings in common. Whatever the findings, it is possible that 
this information would be of more fundamental significance for general physi- 
ology as well as zoological classification than are the conclusions drawn from 
the average behavior of complicated mixtures such as whole sera. 

I t  is concluded from the data presented that antipneumococcus antibodies 
from horse sera resemble in antigenic behavior certain normally occurring horse 
serum globulins, while they differ in some respects from others having the same 
sedimentation constant or electrophoretic mobility. Thus the antibodies were 
practically identical in antigenic properties with a rapidly sedimenting globulin 
from one sample of supposedly normal horse serum but differed in these prop- 
erties from a sample with the same sedimentation constant from another horse. 
Differences in antigenic behavior between the normal and immune "g-globulin 
of the same electrophoretic mobility were accompanied by differences in 
sedimentation constants and molecular weights, in accord with quantitative 
relations among the immune properties suggesting that the differences are but 
reflections of the variation in chain length. 

1. Rabbit antisera to a Type II  pneumococcus specific precipitate from horse 
serum were tested with fractions prepared by ultracentrifugation and electro- 
phoresis of normal and immune horse serum. 

2. In one instance a rapidly sedimenting protein from normal horse serum 
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had nearly the same quantitative antigenic properties toward the anti-anti- 
body rabbit serum as did the purified pneumococcus antibody solutions previ- 
ously reported. In another instance a comparable fraction removed only a 
part of the rabbit antibody. 

3. E1ectrophoretic "y-globulin from an immune horse serum had quantita- 
tively the same antigenic properties as did antibody solutions prepared by 
salt-dissociation of specific precipitates. 

4. E1ectrophoretic v-globulin from normal horse serum differed in its anti- 
genic behavior from "It-globulin containing antibody. The data are compared 
with the antigenic properties of acid and alkali treated pneumococcus specific 
polysaccharides toward antipneumococcus horse sera. An interpretation in 
terms of polymers is suggested. 

5. The cross-reaction of goat serum v-globulin against the anti-antibody 
serum is reported and the extent of the reaction compared with those of goat 
and horse serum albumins against a rabbit antiserum to the latter. 
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