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One of the fundamental problems in the study of the blood group specific 
substances is the question of whether blood group A (or B or O) substances 
from different nnimal species are identical or whether various species elaborate 
different substances having a general similarity in chemical constitution which 
is responsible for an immunological cross-reactivity. The solution to this prob- 
lem requires the isolation in pure form of blood group A substances from two or 
more species, their characterization by chemical analysis, and a precise assay of 
their immunochemical activity on a weight basis. Quantitative immunochemi- 
cal methods have already been used to make precise comparisons of the potency 
of various samples of the blood group A substance from hog stomach and to 
obtain a measure of the absolute degree of purity of such preparations (1-3). 
Thus, it has already been established that, in the region of excess antibody, a 
given amount of purified blood group A substance from a pool of hog stomachs 
was only 60 per cent as effective in precipitating anti-A as the same amount of 
purified A substance from certain individual hog stomach linings. Determina- 
tion of the proportion of glucosamine added as A substance which was specifi- 
cally precipitated by excess anti-A provided an estimate of the actual weight of 
any preparation which combined with its isoantibody. By this method it was 
shown that, with A preparations from individual hog stomach linings, about 84 
per cent of the glucosamine added as A substance was precipitated by excess 
anti-A, but that only about 60 per cent as much was precipitated by A substance 
from pools of hog stomachs. These findings were explained by the presence in 
30 per cent of the individual hog stomachs of products identical in all properties 
studied but devoid of blood group A activity. Preparations from random pools 
of hog stomachs would therefore contain a mixture of these active and inactive 
substances. 

The present study describes the preparation of blood group A substances 
from human saliva, amniotic fluid, and stomach. These products are charac- 

* The work described in this paper  w a s  carried out under a grant-in-aid from the United 
States Public Health Service and in part under the William J. Matheson Commission. 
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te r ized  wi th  respect  to the i r  po tency ,  pur i ty ,  and  ana ly t i ca l  proper t ies .  T h e i r  

non - iden t i t y  wi th  the  b lood group A subs tance  f rom hog s t omach  is es tabl i shed 

b y  a c t i v i t y  differences as assayed b y  q u a n t i t a t i v e  immunochemica l  m e t h o d s  

and  b y  differences in an t igen ic i ty  and  in opt ica l  ro ta t ion .  Differences in the  A 

substances  f rom indiv iduals  of subgroups  A1 and  A2 are  also repor ted .  

EXPERIMENTAL 

Preparalion of A Subs~mes.--Sa~va from secretors of blood group A was purchased in 
quantities of from l to ? liters per individual. Two of the individuals, W.G. and A.K., were 
found to belong to subgroup A~, the others were of subgroup At. Of the latter, G.C., W.H., 
M.S., and B.K., were shown to be heterozygnus AtO since in each instance one parent belonged 
to blood group O. Both parents of A.B. were of blood group A, so that this individual could 
be either homozygous or heterozygous Ax. The samples of sMiva were collected over periods 
of from several days to 3 or 4 weeks in vessels containing several milliliters of chloroform and 
toluene and were kept in the icebox. Specimens from different individuals were processed 
separately. The saliva in 1 or 2 liter batches was acidified to about pH 2.3 with concen- 
trated hydrochloric acid and incubated at 37°C. with 5 to 10 rag. crystalline pepsin. After 
3 to 4 days the pH was again adjusted to pH 2.3 and after 1 and 2 weeks additional 3 to 6 rag. 
portions of crystalline pepsin were added and the pH was adjusted when necessary. In most 
instances, this digestive process resulted in almost complete solution of the insoluble material 
which usually settles in saliva soon after collection. At the end of 3 weeks, 1 to 2 gin. of 
sodium acetate was added and the active material precipitated from solution by the addition 
of 5 volumes of ethanol. The precipitate was centrifuged off, washed, and dried. I t  was 
then dissolved in water, any insoluble material removed by centrifugation, and the solution 
dialyzed in a cellophane sac against several changes of distilled water until no significant 
amount of nitrogen could be found in the dialysate. This proved to be an important step. 
Sodium acetate was added to the contents of the dialysis bag and the material reprecipitated 
by addition of 5 volumes of ethanol, centrifuged, washed as above, and dried. I t  was then 
extracted by shaking with 10 ml. of 90 per cent phenol in a shaking machine for 16 to 24 hours. 
The phenol-insoluble residue was centrifuged off at 2000 a.r.~s, for 6 to 12 hours, the clear 
phenol extract decanted, and the residue again shaken with 5 ml. of 90 per cent phenol. Mter  
3 to 4 phenol extractions, the insoluble residue was triturated with alcohol, washed with alco- 
hol and with ether, and dried. I t  was then dissolved in 5 to 10 ml. of dilute sodium acetate 
solution and a~_y small insoluble residue centrifuged off in a refrigerated centrifuge and washed 
with water or~lilute sodium acetate. Five volumes of ethanol were added to the clear solution 
to precipitate the blood group A substance. The precipitate was washed with ethanol and 
with ether and dried i n  ~v.cuo over P205 at room temperature. These products are referred 
to as the phenol-insoluble fractions. 

The clear phenol extracts were combined, a small crystal of sodium acetate was added, 
and a solution containing equal parts of phenol and absolute alcohol was added dropwise with 
continuous vigorous stirring until a concentration of 10 per cent alcohol was reached. After 
standing overnight, the precipitate which formed was centrifuged off. Centrifugation at 
2000 R.p.x¢. for about 8 hours was required. The supernatant was decanted and the precip- 
itate extracted several times with 5 to 10 ml. portions of 90 per cent phenol. A small amount 
of phenol-insoluble residue was sometimes obtained which was either isolated separately or 
was combined with the phenol-insoluble fraction. A small crystal of sodium acetate was 
dissolved in the phenol extract and the phenol-alcohol mixture was again added with vigorous 
stirring to give a final ethanol concentration of 10 per cent by volume. After standing over- 
night the precipitate was centrifuged off, triturated with ethanol, washed, and dried. I t  was 
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then dissolved in 0.05 per cent sodium acetate, any insoluble residue removed, and 5 volumes 
of ethanol were added to the supernatant to precipitate the A substance. The precipitate was 
centrifuged, washed with ethanol and with ether, and dried as above. These fractions are 
designated as 10 per cent precipitates. Both the phenol-insoluble fractions and the 10 per 
cent precipitates exhibited blood group A activity. 

In one instance, a saliva specimen was not digested with pepsin but was precipitated with 
alcohol directly and then separated into a water-soluble and water-insoluble fraction. The 
water-insoluble fraction was digested with pepsin and the alcohol-precipitated digest purified 
in the usual manner after thorough dialysis. The undigested water-soluble portion after 
dialysis, yielded only a phenol-insoluble fraction; no fraction corresponding to the 10 per cent 
precipitates was obtained. 

A sample of 440 mL of human amniotic fluid showing blood group A activity kindly sup- 
plied by Dr. L. K. Diamond and Dr. N. Abelson was digested with pepsin and purified as 
above. This fluid was obtained from a mother of group A, who gave birth to a group O child; 
accordingly the mother must have been heterozygous, AO. 

Four human stomachs from individuals of blood group A were obtained at autopsy. They 
were kept in 95 per cent alcohol in the refrigerator for several months, and were then dried in a 
vacuum desiccator over P20~. The blood group A substance was prepared by digestion with 
pepsin in citrate-HCl buffer at pH 2.3, precipitation of the digest with alcohol, and subsequent 
purification by the Morgan and King phenol method (4) as described in (3). With all four 
human stomachs, only negligible amounts of phenol-insoluble fraction were obtained and 
just as with the hog stomach linings (3) the active substance was concentrated in the 10 per 
cent precipitates. 

The yields and analytical properties of the phenol-insoluble fractions and I0 per cent 
precipitates of saliva and amniotic fluids and of the 10 per cent precipitates of the human 
stomachs are listed in Table I. 

Analytical Properties.--As in the case of the purified products from hog stomach, the prepa- 
rations from human saliva, stomach, and amniotic fluid were hygroscopic, absorbing 15 to 20 
per cent of their weight of moisture from the air. Accordingly all specimens were dried to 
constant weight at room temperature in a vacuum desiccator over P206 before solutions were 
prepared or analyses performed. Ash, nitrogen, giucosamine, reducing sugar, and relative 
viscosity determinations were carried out as in (3) and values are given in Table I. Measure- 
ments of optical rotation were performed on 0.9 per cent saline solutions containing from 2 
to 5 mg. substance per ml. in a 2 decimeter tube using light of wave length 5893A. 

The solubility of specific precipitates of A substance from human saliva and anti-A formed 
by immunization of human beings of blood groups O and B with purified hog A substance 
(1-3) was measured as described in (2) by determining the decrease in the amount of antibody 
nitrogen precipitated from a given volume of serum by a constant quantity of human A 
substance, as the total volume in which the precipitation was carried out was varied from 1.5 
to 6.0 ml. by addition of saline (Table II). 

Immunochemical Activity and Purity of the Preparations.--The relative capacity of a given 
amount of the various samples of A substance purified from human saliva, stomach, and 
anmiotie fluid to precipitate anti-A from the serum of human beings immunized with hog A 
substance was assayed by the microquantitative precipitin method (5) and interpolation on a 
quantitative precipitin curve (2, 3). Results are given in Table HI. A number of prepara- 
tions from human salivas, A.B.a phenol-insoluble; A.B.a, A.B.4, G.C., W.H.,, and W.H.2, 10 
per cent precipitates; and W.H.= digest of H20-insoluble, 10 per cent precipitate, proved to be 
of equal potency in precipitating anti-A and were arbitrarily assigned an activity of 100 per 
cent. The activity of the other samples is expressed relative to these preparations. Certain 
of the preparations were tested with several of the sera used so that by reference to these 
samples it is possible to compare the precipitating capacity of all of the materials tested. 
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Paralld quantitative precip!tin data obtained with samples of A substance from individual 
hog stomachs (3) are included in Table HI,  and a comparison of the relative capacities of A 
substances from hog stomach and human saliva to precipitate hog anti-A formed by human 
beings is shown in Fig. 1. 

As a measure of the actual weight of each preparation of human A substance participating 
in the reaction with anti-A, washed specific precipitates formed in the region of antibody excess 
by the addition of known amounts of each specimen to a measured volume of serum were 
analyzed for their glucosamine content as described in detail in the preceding paper of this 
series (3). The data are presented in Table IV and the actual amounts of glucosamine in the 
specific precipitates are given in column 6. The quantity of glucosamine in the precipitate 
due to the antigen (column 13) was obtained by correcting for the solubility of t h e  specific 
precipitates in the volumne used (Table I I  and columns 8 to 11) and for the glucosamine 

TABLE H 

Solubility of Specific Precipitates of A Substance from Human Saliva and Antibody Formed in 
Human Beings on Injection of A Substance from Hog Stomach Lining 

Serum 
No. 

T.I~.2 

E.K.n 
T.R4 
T.R.2 

rolun 
of 

Lerun 

ml. 

0.5 
0.5 
0.5 
0.5 

A sub, 
stanc~ 
added 

#.g. 

lS~t 
15§ 
30§ 

Region in which 
precipitate formed 

Antibody excess 

Antibody excess 

Antibody excess 
Antigen excess 

Antibody nitrogen precipitated 
in volume of ml. 

O* 1.5 

p g  • p g .  

17.6 16.1 
20.8 18.0 
20.2 18.8 
26.0 

3.0 

14.7 
14.6 
17.2 
23.9 

4.5 6.0 

~g. ~g. 

14.7 11.9 
12.4 9.6 
16.2 
22.7 21.0 

Solu- 
bility 

1.0 
1.9 
0.9 
0.8 

Average solubility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.2 

* By extrapolation. 
Phenol-insoluble fraction saliva A.B.s 

§ Fraction precipitable from 90 per cent phenol by 10 per cent ethanol, saliva ~3. C. 

content of the antibody (column 12). The proportion of the glucosamine of the A substance 
found in the precipitate to that added is given in column 14 (of. 3). 

Antigenicity Studies.--The antigenicity of several fractions from human saliva was tested 
in twenty-four human volunteers of the four blood groups. Blood samples were obtained 
before immunization and each individual was then given two injections subcutaneously into 
the arm on successive days of A substance from human saliva. A second blood sample was 
obtained 10 days after the second injection. The anti-A content of the sera before and after 
immunization was assayed by the quantitative precipitin method with both hog and human 
A preparations and by determining the anti-A titer (Table V). 

Three of the individuals of group O and one of group B who showed a negligible or weak 
response to the purified A substance were then given two injections on successive days of a 
1: 5 dilution of autoclaved saliva from a secretor of blood group A as described by Wiener, Soble, 
and Polivka (6). The injection was made within 2 weeks after the previous blood sample 
was taken. Another bleeding taken 10 days later showed no significant antibody response. 
The three subjects of group O were then given two injections of A substance from hog stomach 
and serum from blood drawn 10 days after this third course of injections showed a significant 
rise in anti-A content in all three instances. 
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TABLE III  

EffecH~eness of Purified Blood Group A Substances from Human Saliva, Stomack, and A mniotic 
Fluid and Hog Stomach in Precipitating AnH-A Formed on Immunization of Human 

Bdngs wiCk Hog A Substance 

Preparation 

A.B., pbenol-insol. 
A.B., 10 % ppt. 

Hog 10 

A.B.: saliva phenol-insol. 
A.B., saliva phenol-insol.t 
A.B.4 saliva phenol-insol.s 
G.C. saliva phenol-insol. 
A.B.t saliva 10% ppt. 
G.C. saliva 10% ppt. 

Hog 4 

W.H.t saliva, digest of HsO-insol., 
phenol-insol. 

A.K. saliva, digest of I~O-insol., 
phenol-insoi. 

W.H.t saliva, digest of H20-insol., 
10% ppt.  

A.B.4 saliva, 10% ppt.  
W.Ha saliva, 10% ppt.  
W.H.2 saliva, 10% ppt.  
M.S. saliva, 10% ppt.  
B.K. saliva, 10% ppt. 
W.Ha saliva undigested phenol- 

insoluble 

W.Ha saliva undigested, phenol- 
insol. 

A.K. sahva digest of I~O-insol., 
10% ppt. 

W.G.1 saliva phenol-insol. 
W.H.I saliva phenol-insol. 
W.Ha saliva phenol-insol. 
M.S. saliva phenol-insol. 
B.K. saliva phenol-insol. 
A.B.4 saliva 10% ppt. 
G.C. saliva 10% ppt.  
W.G. saliva 10% ppt.  
W.H.t saliva 10% ppt. 

Human stomach 1 
Human stomach 2 
Human stomach 3 
Human stomach 4 

Amniotlc fluid I phenol-insol. 
Anmiotic fluid I 10 per cent ppt. 

Sub- [ Vol- 
group 
and Iser : ], 1101 

A substance added, ~g. 
Relative 
activity 1, 1201 01401,01 180 o o.e 
paration 

Antibody N precipitated 

A1 
At 

A1 

A, 
At 
AtO 
A1 
AtO 

A10 

As 

AtO 

At 
A~O 
AtO 0.5 
AtO 0.5 
A,O 0.5 
AtO 0.5 

A . D  a s e rum  used  

0.S 2.0[ 9.3 I 15.6 18.8 23.7]29.5[ 
0.5 4.5 12.5 17.2 18.4 21.6] [ 
0.5 10.8 19.1 23.5 27.1 32.3 

T . R . I  s e r u m  used  

0.50.50.50.50.5 6.7 112.2 [ 1 8 . 7  16.6 16.7 14.0 18.8 22.7 25.6 

0.5 8.3 14.4 18.8;18.1 21.624.1 
0.5 12.8 19.3 2~;.3 25.8 26.2 

T . R . a  ~erum used  

0.8 10.5 

0 . 5  8.0 

0 . 5  8.0 12.8 16.1 i9A 20.~ 

0.5 18.0 
0.5 i6.1;18.7 

[4.4;15.8 
15.4 
10.0 

13.1 

34.1 38.7 lo0" 
lo0" 
196 

lo0" 
74 
90 
90 

100" 
100* 
184 

50 

33 

100" 

100" 
100" 

80-100 
86 
46 
30 

AtO 

At 

At 
AtO 
A,O 
AtO 
A,O 
A, 
A~O 
As 
ASO 

E . K ,  t s e r u m  used  

0.5 1.4[ $.~ 8.3 
I 

0.5 14.3 

0.5 10.8 
0.5 14.9 
0.5 13.5 
0.5 12.9 
0.5 11.9 
0.5 17.1 
0.5 16.0 
0.5 10.9 
0.5 16.7 

0.5 5.5 
0.5 16.9 
0.3 16.0 
0.5 6.9 L1.C 13.1 

0.5 5.8 
0.5 10.7 

I0.11 13/, 

[ 
I 

15.7~ .~0.~ 

27 

71 

40 
78 
63 
58 
48 

100" 
100" 
41 
I00" 

17 
IO0 
100 
53 

17 
39 

* Assumed. 
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RESULTS 

The blood group A preparations from human saliva, stomach and amniotic 
fluid appear to be fairly similar in analytical properties to the products obtained 
from hog stomach linings (3). However, the variations in analytical values 
from one preparation to another were much greater than those obtained with 
the hog substances. This is particularly evident from the ratios of glucosamine 
to reducing sugar and of glucosamine N to total N. Nitrogen ranged from 3.6 
to 7.7 per cent, reducing sugar from 47 to 64 per cent, and glucosamine from 21 
to 34 per cent. Samples showed a very low ash content. When saliva or am- 
niotic fluid was subjected to peptic digestion the blood group activity was found 
to be distributed between two fractions, one insoluble in 90 per cent phenol and 

3O 

z0 
z 

,~10 

:r 

.,~ ~ Hog I 

/,+') 

/+/" 
+/X 
//I 

5 10 15 20 25 30 
Micrograms A Substance Added 

FIo. I. Quantitative precipitin curves of blood group A substances from hog stomach and 
human saliva with anti-hog A formed in man. Serum s 0.5 ml. T.R.z; C) =. hog 4;/x == G.C. 
10 per cent precipitate; [] == A.B4 phenol insoluble. 

the other soluble in 90 per cent phenol but precipitable from solution by addi- 
tion of 10 per cent alcohol by volume (10 per cent precipitate). Blood group 
A activity was concentrated in the 10 per cent precipitates from human stom- 
achs, no active phenol-insoluble portion being obtained. However, no 10 per 
cent precipitate was obtained from the water-soluble portion of a saliva which 
was purified without peptic digestion. Yields of purified products varied from 
17 to 127 mg. per liter of saliva or amniotic fluid and from 10 to 43 rag. per 
human stomach. The relative viscosities of the phenol-insoluble fractions were 
generally higher than those for the 10 per cent precipitates; A.B.4 phenol-insol- 
uble~ was a small fraction which was originally soluble in phenol and was pre- 
cipitated by 10 per cent ethanol but did not redissolve in phenol and is probably 
more closely related to the I0 per cent fraction than to the phenol-insoluble 
fraction. All preparations were levorotatory, the specific optical rotations of 
the substances possessing subgroup A1 specificity ranging from --2.5 ° to --21 ° 



TABLE IV 

Glucosamine Analyses on Specific Precipitates of Purified Blood Group A Substances from 
Human Saliva, Stomack, and Amniotic Fluid and Antibody Formed on Immunization of 

Human Beings witk Purified A Substance Obtained from Hog Stomach 

A substance 

2 3 4 5 6 7 8 9 10 12 13 14 

'~ o~ ~ o  ~. ~"° ~ .~ • . ~  3 ~ ~ ° ..~ ~ ~ ..~ 

per 

Water-soluble portion of alcohol prccipilat¢, not s~jodsd #o pepllc digestion 

W.H.iphenol-insol. 16~1 161 2.0E.K.n 6.0[ 6 
W.H.2 phenol-insol. 32 2.0 T.R.: 6.0 11 

Pe~tlc digest of ~vater-insoluble 
W.Ha phenol-insol. 60 16 2.0 T.Ra [6.0 9 
A.K. phenol-insoi. 60 16 2.0 T.R., 16"0 9 
V~.H., 10% ppt. 60 18 2.0 T.R.: 6.0 15 
A.K. 10% ppt. 60 17 2.0 E,K.~ 6.0 16 

35 52 59 1.13 12 4 

,ortion of alcohol precipitate 

56 32 39 1.22 l I  3 
83 64 71 1.11 16 5 

64 1.12 18 4 

A.B.: phenol-insol. 
A.B.I phenol-insol. 
A.B.4 phenol-insol. 1 
A.B.4 phenol-insol. 2 
G.C. phenol-lnsol. 
W.G. phenol-insol. 
W.Ha phenol-insol. 
W.H.z phenol-insol. 
M.S. phenoi-lnsol. 
B.K. phenol-insol. 

A.B4 10% ppt. 
A.B.4 10% ppt. 
G.C. lO% ppt. 
G.C. 10% ppt. 
G.C. 10% ppt. 
W.G. 10% ppt. 
W.H.x 10% ppt. 
W.H.x 10% ppt. 
W.H.I 10% ppt. 
M.S. 10% ppt. 
B.K. 10% ppt. 

Human stomach 1 
Human stomach 2 
Human stomach 3 
Human stomach 4 

Amniotic fluid I phe- 
noi-insol. 

Amniotic fluid I 10% 
ppt. 

60 20 
90 30 
60 16 
60 19 
60 20 
60 17 
6O 17 
60 16 
60 13 
60 14 

90 31 
60 17 
6O 17 
8of 22 
6O 17 
6O 18 
6O 19 
6O 19 
6O 19 
60 15 
60 13 

6o115 
60 1,5 
60 15 
6O 17 

60 13 

60 13 

Peptic digest of whole saliea 

3.0T.Ra ~.0 
3.0 T.Ra 5.0 
2.0 T.R.I ~.0 
2.0T.R.2 5.0 
2.0 T.R.2 5.0 
2.0 E.K.tJ $.0 
2.0 E.K.~ ~.0 
2.0 E.K.xs L0 
2.0 E.K.~ L0 
2.0 E.K.~ $.0 

3.0T.R.2 5.0 
2.0 T.R.I ~.0 
2.0 T.Ra LO 
2.0 T.R.2 Z0 
2.0 T.Ra ~.0 
2.0 E.K.~ 5.0 
2.0 E.Kas ~.0 
2.0T.R.I 5.0 
2 .0T.R4 5.0 
2.0 T.R.I 5.0 
2.0 T.R.t 6.0 

2.0 E.K.n 5.0 
2.0 E.K.t* 5.0 
2.0 E.K.t* 5.0 
2.0 E.K.~ 5.0 

2.0 E.K.a 6.0 

2.0 E.K.a 5.0 

24 118 73 
31 103 13 
16 100 56 
20 105 67 
21 105 66 
12 71 43 
12 71 60 
I0 63 54 
10 77 J 52 
9 641 48 

28 87 13 
23 125 75 
23 13,5 75 
28 128 86 
17 100 72 
11 61 44 
20 105 87 
19 I00 75 
19 i00 63 
I I  73 62 

62 40 

3 17 22 
13 87 68 
12 80 64 
10 59 52 

5 38 23 

46 43 

80 1.10 
[20 1.06 
63 1.13 
74 1.10 
73 1.11 
50 1.16 
67 1.12 
61 1.13 
59 1.14 
55 1.16 

L20 1.06 
82 1.09 
82 1.09 
93 1.08 
79 1.10 
51 1,16 
94 1.08 
82 1.09 
70 1,11 
69 1. I I  
47 1,17 

29 1,32 
75 1,10 
71 I . I I  
59 1.13 

30 1.5O 

50 I .  16 

25 
33 
18 
22 
23 
14 
13 
11 
11 
11 

30 
25 
25 
3O 
19 
13 

22 1 
21 
12 

9 

4 
14 
13 
11 i 

25 
25 

8 50 
8 50 

11 61 
14 82 

L9 95 
!5 83 
L4 88 
.7 90 
8 90 
0 59 

5 8 47 
7 44 
7 54 
7 50 

~2 71 
',0 118 
:0 118 
14 109 
3 77 
9 50 
~5 79 
.5 79 
L6 84 
7 47 
6 46 

2 2 1,] 
5 9 60 
5 8 54 
4 7 41 

2 5 38 

4 3 23 

* Column 9 divided by column 8. 
Column 6 multiplied by column 10. 

§ Antibody N precipitated multiplied by 0.07 (rstio of glucosamine to N in ~-giobulln). 
U Column 11 minus column 12. 
¶ Column 13 divided by column 3. 
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and those from individuals of subgroup A~ varying from -27.5 ° to --37 °. 
Several of the A1 samples were obtained in such small yield that accurate optical 
rotations were difficult to obtain; with those samples obtained in good yield 
specific rotations ranged from -13  ° to -21 °. The difference in specific rota- 
tion between the A1 and A2 substances is considered to be significant. 

The solubility of specific precipitates of A substance from human saliva and 
anti-A formed by immunization of human beings with hog A substance varied 
from 0.8 to 1.9 ~g. N per ml. saline with an average of 1.2 ~g. N per ml. (Table 
II) in good agreement with the average solubility of 1.6 ~g. N per ml. previously 
reported for hog A-anti-A specific precipitates (2). 

The relative capacity of the various human A and several hog A substances to 
precipitate hog anti-A is given in Table III. In general, the phenol-insoluble 
fractions from saliva showed a significantly lower capacity to precipitate anti-A 
than did the 10 per cent precipitates, with the exception of A.B.3 and G.C. 
phenol-insoluble which were among the best in precipitating power. In this 
connection it is noteworthy that the sample of saliva which was not subjected 
to peptic digestion and from which only phenol-insoluble active material was 
obtained was even poorer in precipitating capacity. Human stomachs 2 and 3, 
and saliva preparations A.B.3 phenol-insoluble, and A.B.4, G.C., W.H.1, and 
W.H.~ 10 per cent precipitates all showed the same potency in precipitating 
anti-A (:hl #g. antibody N for samples of 15 ~g. A substance), and by this cri- 
terion were the most active materials obtained. These products, however, 
were only 51 to 54 per cent as effective as hog A substance in precipitating 
anti-A. From the data in Table III  and Fig. 1, the hog A substance was calcu- 
lated to have a precipitating activity of 196 and 184 per cent referred to that Of 
the best human saliva preparations. Of considerable interest is the finding 
that the products from A.K. and W.G., the two individuals of subgroup A2 were 
much less effective in precipitating anti-A than those from persons in subgroup 
Av W.G. yielded phenol-insoluble and 10 per cent fractions with 40 and 41 per 
cent of the precipitating power of the best saliva and stomach samples and the 
corresponding products from A.K. were 33 and 71 per cent as active. The 
amniotic fluid fractions and human stomach 1 were very low in capacity to 
precipitate anti-A and human stomach 4 fell into the same range of precipitating 
activity as did the materials from A2 individuals and some of the phenol-insol- 
uble fractions from persons of subgroup Av 

The ratios obtained (Table IV) for the quantity of glucosamine in the various 
samples precipitable by anti-A to that added provide an additional independent 
criterion of the purity of the preparations (3). The results parallel those in 
Table III in many respects. The purest preparations by this criterion are seen 
to be those from A.B. and G.C. and W.H.1 and W.H.~ 10 per cent precipitates 
in which close to 100 per cent of the glucosamine added as antigen was precipi- 
tated by excess anti-A. Two of these individuals (G.C. and W.H.) were heter- 
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ozygous, the other is indeterminable from blood grouping of the parents. In 
another group of salivas, those from M.S., B.K., and some samples from W.H., 
all three of whom were shown to be heterozygous A10 as well as those from the 
two individuals of subgroup As, W.G. and A.K., and the samples from human 
stomachs 2, 3, and 4, only about one-half of the glucosamine could be precipi- 
tated by excess anti-A. A third group consists of human stomach 1, the sample 
from undigested saliva of W.H., and the amniotic fluid from which an even 
smaller proportion of the glucosamine could be precipitated by anti-A. 

Several additional correlations become evident by comparing the analytical 
properties of various preparations with the two estimates of immunochemicat 
activity obtained from Tables III  and IV. This may be seen from the last two 
columns of Table I in which the data on relative capacity to precipitate anti-A 
and the proportion of the glucosamine of each preparation precipitated by 
anti-A are tabulated. The products which showed the greatest capacity to 
precipitate anti-A fall into two groups with respect to their proportion of specifi- 
cally precipitable glucosamine: One group including products from A.B. and 
G.C. and W.H.1 and W.H.2 10 per cent precipitates shows maximal precipitating 
activity, and essentially all the glucosamine of these products is specifically 
precipitable by anti-A; the second group, comprising the saliva samples from 
M.S. 10 per cent precipitate and W.H.2 digest of water-insoluble 10 per cent 
precipitate, and human stomachs 2 and 3 was about equal to A.B. and G.C. in 
capacity to precipitate anti-A, but only about one-half of their glucosamine was 
specifically precipitable. The saliva samples from subgroup As as well as B.K. 
and M.S. phenol-insoluble and human stomach 4 showed about one-half the 
capacity to precipitate anti-A and a corresponding proportion of their glucos- 
amine was specifically precipitable. Finally, the lowest capacity to precipitate 
anti-A and a correspondingly low content of specifically precipitable glucos- 
amine was found in the amniotic fluid preparations, human stomach 1, and the 
sample of saliva from W.H. which was not subjected to peptic digestion. 
Several of these samples showed significantly lower ratios of glucosamine N to 
total N. 

Table V shows the results obtained on immunizing twenty-four individuals 
with several human A preparations from saliva. No antibody response was 
noted in the three individuals of group A, one of whom was of subgroup As, or 
in the A~B subject. In the twenty volunteers belonging to groups O or B, anti- 
body levels before immunization, with one exception, varied from 0 to 3 #g. 
N per ml.; after immunization, the antibody level rose in one instance to 18 to 
20 #g. N per ml., in another to 10 ~g. N per ml., and in two others to 5 gg. N 
per ml.; the remaining individuals showed an even poorer antibody response. 
In one instance, J.G., an initial antibody level of about 10 #g. N/ml. was found, 
the highest level of presumably naturally occurring anti-A thus far encountered. 
On immunization an increase to about 35/~g. antibody N per ml. was obtained. 
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The two individuals showing the best antibody response, Sh. and P.M., as well 
as J.G., were injected with the 10 per cent precipitates of A.B.4 and W.H.~, indi- 
cating that these materials were antigenic despite the peptic digestion and sub- 
sequent purification. In general, especially in the sera obtained before immuni- 
zation and in those sera in which little or no increase in antibody was found, 
the hog A substance usually gave slightly higher values than did the human A 
substance. However, in those instances in which the best antibody responses 
were obtained, and the amount of A substance to be added could be judged with 
better precision, hog and human A substances removed the same amount of 
antibody. It is significant that the three individuals who gave a slight or 
negligible response to purified human A substance and also failed to respond to 
injections of autoclaved human A saliva (6) developed a definite antibody 
response on subsequent injection of hog A substance. In general, increases in 
titer paralleled rises in antibody nitrogen within experimental error. 

DISCUSSION 

The data presented above indicate the relatively complex nature of the prob- 
lem and the difficulties of obtaining purified blood group substances from human 
sources, in contrast to the previous studies on the blood group substances pre- 
pared from the stomach linings of individual hogs (I-3). Thus, it is apparent 
that chemical differences must exist between the A substance as secreted into 
saliva or pseudomucinous ovarian cyst fluid (7) and that obtained by digestion 
of stomach linings with pepsin since the former are insoluble in 90 per cent 
phenol while the latter are completely soluble in phenol. Indeed, while diges- 
tion of saliva with pepsin renders a portion of the A substance soluble in phenol, 
this conversion is not complete and a phenol-insoluble fraction is invariably 
obtained (Table I). This difference in phenol solubility appears to be.correlated 
in general with a lower relative viscosity, but does not appear to b~ related to 
the analytical properties or optical rotation. All of the preparations from 
human sources were levorotatory while the hog stomach A substances were 
dextrorotatory. The finding that the product from undigested saliva showed 
a lower degree of activity by the two immunochemical criteria employed indi- 
cates the desirability of peptic digestion in purification. It would also appear 
that the materials isolated from peptic digests are simpler products than are 
those secreted directly into saliva. 

In contrast to the uniform behavior of the purified blood group A prepara- 
tions from individual hog stomach linings, the purified preparations from saliva 
fall into several distinct groups as judged by the two quantitative immuno- 
chemical criteria employed for their characterization (2, 3). None of the human 
A substances showed more than about one-half the capacity of an equal weight 
of the hog A substance to precipitate homologous anti-hog A formed in human 
beings of blood groups O or B, although the products from the saliva of three 
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individuals, A.B., G.C., and several samples from W.H., were of equal purity as 
judged by almost complete precipitation of their glucosamine in the region of 
antibody excess (Tables I, III, and IV). The reaction of human saliva and 
hog stomach A substances with anti-hog A would thus appear to be in the 
nature of a cross-reaction (8); it is, however, one in which the same total amount 
of antibody can be precipitated by an excess of either antigen (Fig. I). A study 
of the reciprocal reaction of human and hog A substances with anti-human A 
formed in man is contemplated and this should provide further information 
about the specificities of the hog and human A substances. 

Saliva from the two individuals of subgroup A2 yielded purified products, 
identical in analytical properties but having a significantly higher levorotation 
than those from persons of subgroup AI. The A2 preparations showed a lower 
capacity to precipitate anti-hog A than did the best AI preparations and only 
about one-half of their glucosamine was specifically precipitable by excess 
anti-A. Such behavior is compatible either with the presence of 50 per cent of 
material which is not A substance or with a cross-reaction between the A2 sub- 
stance and anti-hog A (of. 8). The precipitin reaction of hog and human AI 
and A2 substances with their respective homologous and heterologous sera will 
be studied quantitatively to establish which of these two alternatives is correct. 

Only about one-half of the glucosamine of the other AI saliva products was 
found to be precipitable by excess anti-A. It is significant that blood grouping 
of the parents of these individuals showed them to be heterogyzous, A10, and 
it is possible that some of these products contain a considerable amount of O 
substance which would satisfactorily account for their reduced capacity to 
precipitate anti-A and for the lower percentage of their glucosamine precipitable 
by anti-A. On this basis G.C. and W.H., the heterozygous individuals, who 
yielded products, the glucosamine of which was almost completely precipitable 
by anti-A, might be non-secretors of O substance; however A.B. might be 
homozygous or heterozygous but a non-secretor of O substance. It is also 
possible that the amount of O substance if secreted by these individuals may be 
insufficient to affect the glucosamine analyses of specific precipitates. Studies 
by Landsteiner and Harte (9) indicated that O saliva yielded products of the 
same analytical compositon as did A and B saliva and Morgan and coworkers 
(10, 11) obtained similar data for A, B, and O substances from pseudomucinous 
ovarian cyst fluids. In addition human saliva from individuals of blood group 
A was found to show both A and O specificity (7), the genotype of the donors 
was not given, however. 

In the case of the amniotic fluid, the low activity in precipitating anti-A 
and the corresponding low proportion of specifically precipitable glucosamine 
strongly suggest that the preparations consist of a mixture of A and O sub- 
stances. Inasmuch as the mother was group A and necessarily heterozygous, 
AO, since the fetus was group O, the assumption that the amniotic fluid prob- 
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ably contained O substance derived from the fetus and from the heterozygous 
mother in addition to A substance of maternal origin would satisfactorily 
account for the immunochemical findings. Indeed the presence of O substance 
in the amniotic fluid is indicated from studies on the cross-reactions of human 
saliva and amniotic fluid A substances with Type XIV antipneumococcal horse 
serum which will be reported subsequently (12), as will further studies on the 
reactivity of the various preparations with anti-O sera. 

The anomalous observation that human stomachs 2 and 3 and the saliva 
preparations of M.S. and W.H.2 digest of water-insoluble 10 per cent precipitate 
were more efficient in precipitating anti-A than would be anticipated from their 
content of specifically precipitable glucosamine requires further study. 

Little can be said of the reason for the variations in the preparations from 
human stomach, except that the entire stomach had to be used, in contrast to 
the experience with hog stomachs (3) in which only the mucous lining was se- 
lected. 

From the data in Table V, it can be seen that the human A substance is anti- 
genic in individuals of groups O and B. It  appears to be a poorer antigen than 
the hog A substance in that a smaller proportion of individuals show good anti- 
body levels (cf. 1-3). In addition, the finding that three individuals who had 
shown only a slight or negligible response to human A substance, and to A 
saliva (6) developed an appreciable response to hog A substance suggests that 
differences in antigenicity between the hog and the human A substances may 
exist. 

SUMMARY 

1. Blood group substances have been prepared from human saliva, stomach, 
and amniotic fluid from individuals of blood group A1 and A2. Several of the 
saliva samples were obtained from individuals shown to be heterozygous, AIO. 

2. The purified blood group A substances from human sources were similar 
in nitrogen, glucosamine, reducing sugar, and acetyl content. The AI and A2 
substances differed in optical rotation. All of the human A samples were 
levorotatory while those from hog stomach were dextrorotatory. 

3. By two immunochemical criteria the various human preparations could be 
shown to fall into distinct groups, with respect to purity. The best products 
showed maximal activity and almost all of their glucosamine was specifically 
precipitable by anti-A. These samples of human A substance were only about 
one-half as effective in precipitating antibody to hog A substance formed in 
man as was homologous hog A substance although the same total amount of 
antibody was precipitable by excess of either antigen. 

4. Human blood group A1 substance was found to be antigenic in individuals 
of blood groups B and O but was not as good an antigen as hog A substance. 



E. A. KABAT, A. BENDICH, A. E. BEZER, AND S. M. BEISER 6 9 9  

BIBLIOGRAPHY 

1. K~bat, E. A., and Bezer, A. E., J'. Exp. Med., 1945, 82, 207. 
2. Kabat, E. A., Bendich, A., and Bezer, A. E., J. Exp. Med., 1946, 83, 477. 
3. Bendich, A., Kabat, E. A., and Bezer, A. E., J. Exp. Med., 1946, 83, 485. 
4. Morgan, W. T. J., and King, H. R., Biochem. J., 1943, 37, 640. 
5. Heidelberger, M., and MacPherson, C. F. C., Science, 1943, 97, 405; 98, 63. 
6. Wiener, A. S., Soble, R., and Polivka, H., Proc. Soc. Exp. Biol. and Med., 1945, 58, 

310. 
7. Morgan, W. T. J., and van Heyningen, R., Brit. J. Exp. Path., 1944, 25, 5. 
8. Kabat, E. A., J. Immunol., 1943, 47, 513. 
9. Landsteiner, K., and Harte, R. A., f .  Biol. Chem., 1941, 140, 673. 

10. Morgan, W. T. J., and Watkins, W. M., Brit. J. Exp. Path., 1944, 25, 221. 
11. Morgan, W. T. J., and Waddell, M. B. R., Brit. J. Exp. Path., 1945, 26, 387. 
12. Kabat, E. A., Bendich, A., Bezer, A. E., and Knanb, V., data to be published. 


