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It is an established fact that certain viral 
and bacterial antigens may be adsorbed on 
red blood cells; this may result in hemagglu- 
tination (direct microbial hemagglutination), 
in modification of the erythrocytes or both. 
These modified red blood cells are specifically 
agglutinated by the homologous antimicrobial 
antibody (indirect microbial heniagglutina- 
tion). It was shown recently from this lab- 
oratory( 1,2)  that boiled suspensions of E. coli 
serogroups 0111 and 055 as well as sterile 
blroth culture filtrates are capable of modify- 
ing red blood cells from a variety of animal 
species. These modified red cells are agglu- 
tinated and, in the presence of complement, 
lysed by the group-specific E. coli antiserum. 
I t  was demonstrated furthermore that this 
agglutination and hemolysis is specifically in- 
hibited by the homologous bacterial antigen. 
The experiments to be recorded in this com- 
munication revealed that certain materials in- 
hibit the modification of red blood cells by 
E. coli antigen. 

Material and methods. In  addititon to 
E. coli serogroups 055 and 0111 used in the 
previlous experiments several strains of E. coli 
026 were employed, since the latter serogroup, 
too, has been found to be associated with 
epidemic diarrhea of infants(3). For the 
modificaticon of red blood cells boiled suspen- 

sions from Kolle flasks were used, as de- 
scribed previously( 2 ) .  The microorganisms 
were suspended in the materials to be tested 
for inhibitory activity, namely, serum from 
man and various animals, human plasma frac- 
tions, bovine albumin (Amour) ,  egg white, 
egg yolk, various fractions of rat liver, and, 
for control purposes, physi,ological saline mlu- 
tion. The human plasma fractions were ob- 
tained from (Cutter Laboratories thrjough the 
courtesy lof Dr. F. F. Johnson and the rat liver 
fractions through the kindness of Dr. Charles 
U. Lowe. The mixtures were kept at  room 
temperature for 15 minutes and then used for 
modification of red bbod cells. The treated 
erythrocytes were washed 3 times in physio- 
logical saline solution. The hemagglutination 
and hemolysis tests were carried out as de- 
scribed in detail previously( 2). 

It was found that a variety of 
human and animal sera, including sera from 
healthy adults and children, human cord 
serum, calf, beef, horse, sheep, chicken, duck 
and turkey sera in dilutions of 1 : 10 and 1 : 100 
either completely or partially inihibited the 
modification of sheep red blood cells by E. coli 
026 antigen. Quantitative experiments re- 
vealed that the more concentrated the E. coli 
antigen the more serulm is required to produce 
inhibition of modification of Ired cells. The 

Results. 
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TABLE 1, Hemagglut inat ion and Hemolysis by 
6. coli 026 Antiserii~n of Sl~ecp Red Blood ('ells 

Modified by Eoiitvl E.  coli 026 Antigen. 

Si I 1 i 1 i c  * o lu t i o I i 
1IUlll:l I 1  St'I'Ul11 ( 1 % ) 
I I I1 1 I1 : I1  1 1 I 1  R 51113 

fr:ic.tions (.lye) 
Album i 11 
11 
11 1 
I T  + ILI 
111 - 0 
r r i  - 1 
IT1 - 2 
1 I1 - 2.3 
I \ - -  1 
I \ ' -  t i  
!I- - 7 

1 : 1'800 
- 

same results were obtained in experiments in 
which E. coli 01 11 and 055 and red blood cells 
of man and other animal species were em- 
ployed. Furthermore, egg yolk suspensions 
(10% to 0.0170) in physiological saline solu- 
tion had like effects. In contrast, egg white 
(in dilutions up to ) was essentially in- 
effective. Rat liver fractions (nucleus-free 
cytoplasm (1 ml = 0.2 g of liver), nuclei 
( 1  ml = 0.5 g ) ,  mitochondria ( 1  ml = 0.5 
g ) ,  microsomes ( 1  ml = 0.5 g ) ) ,  also inhib- 
ited the modification of sheep cells. 

In  view of the inhibitory effects of human 
serum it was deemed of interest to determine 
the activity of various human plasma frac- 
tions. In these experiments boiled E.  coli 
026 antigen (diluted 1:50) was used to yield 
approximately 2 minimal hemagglu tinating 
units: the antigen was diluted in the available 
plasma fractions ( 0 . 1 3  ) , human and chicken 
sera ( 1 "/o ) and in physiological saline solution. 
Blood cells modified by this antigen were 
specifically agglutinated-and in the presence 
of complement lysed-by E. coli 026 €36 anti- 
serum but not by E. coli 055 and 0111 anti- 
sera. The results are summarized in Table I. 
It can be seen that certain fractions pre- 
vented hemagglutination and hemolysis com- 
pletely, whereas others were minimally effec- 
tive or completely ineffective. Since, as 

shown previously( 2 ) ,  E. coZi antiserum pro- 
duces hemolysis of sheep cells in far higher 
titers than hemagglutination, it is not surpris- 
ing to find that some of the fractions inhib- 
ited hemagglutination to a greater extent than 
hemolysis. Commercially available human 
gamma globulin (up to l O y b )  was found to be 
ineffective. 

This inhibitory effect takes place rapidly, 
since the inhibitor is in contact with the bac- 
terial antigen for a total of less than one hour; 
the dissolved inlhibitor is removed by repeated 
washing of the red cells. Continued contact 
of the inhibiting plasma fraction IV-1 for 18 
hours a t  4'C did not result in substantially 
greater inhibition than contact for less than 
one hour. 

Regarding the heat stability of the inhib- 
i tory materials the following observations 
were made. Heating of the inhibitors in the 
concentrations used for one hour a t  56°C did 
not reduce their activity. Boiling of human 
and animal sera ( 1 % )  for 10 minutes im- 
paired their inhibitory activity but slightly 
and boiling for one hour only moderately. A 
substantial or complete loss of inhibitory ac- 
tivity occurred following boiling for 10 min- 
utes of human plasma fractions IV-1, IV-4, 
I\.'-7, and albumin as well as bovine albumin 
and egg yolk (all in 0.1% concentration). 

Since, as shown in repeated experiments, 
treatment of sheep cells with the above men- 
tioned inhibitors (human serum (la/,),  hu- 
man plasma fraction IV-4 (O.l%), sheep 
serum (0.1% to 10%).  bovine albumin 
( 0 . 3 % ) .  and egg yolk ( O . l F l ) )  did not inter- 
fere with their modification by subsequent 
treatment with E .  coli antigen, the inhibitors 
must act either on the bacterial antigen itself 
or on the process of its adsorption on red blood 
cells. To  determine which of the two pos- 
sible modes of action actually takes place, the 
following experiments were carried out. 

-4 boiled suspension of E.  coZi 026 was 
diluted 10 fold (vol. 10 ml) in 1) bovine 
albumin ( 3 % ) ,  2 )  human plasma fraction 
IV-1 ( 1 o/o ) , 3 )  normal human serum (20% ) , 
and 4 )  physiological saline solution. The sus- 
pensions were kept a t  room temperature for 
15 minutes. The bacteria were then washed 
3 times with physiological saline solution ; 
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TA4RL12 11. Effect of H e a t  on Inhibitory Effmt  
of Egg Yolk on E. coli Modification of Red Blood 

Cells. 

Ti ter  of E. co7i antiserum 
producing 

Hema gglu- 
E. roli nntigeii in  tination IIemolysis 

Saline solution 1 : 1600 1 : 25600 

Boiled cgg yolk (.1%) 1 : 200 1 : 3200 
1 : 200 

1 : 100 

Egg yolk (.1%) - 

Egg yolk (.I % ) - 
(mixture  boiled) 

-- z No agglutination, no hemolysis with 3. coli  
antiserum in dilution of 1 : 100 a n d  higher. 

separation of bacterial cells from the sur- 
rounding fluid was accomplished by means of 
a refrigerated centrifuge (International, model 
P R-1: r.c.f. at  tip of tube calibrated to be 
24,000; centrifugalization for 20 minutes). 
The sediment was suspended in 5 ml of physio- 
logical saline solution and then used for modi- 
fication of sheep red blood cells. The experi- 
ment revealed that the bacteria treated with 
the 3 inhibitors-in contrast to the untreated 
bacteria-failed to modify the red cells, as 
indicated .by absent hemagglutination and 
hemolysis by E. coli antiserum. These results 
suggest that the inhibitors act directly on the 
bacterial antigen.* This conclusion is sub- 
stantiated further by the results of the follow- 
ing experiment. E. coli 026 antigen was di- 
luted in 1 )  physiological saline solution, 2 )  
egg yolk ( O . l % ) ,  3 )  egg yolk (0.1%) which 
had been boiled for one hour and 4) egg yolk 
(0.1 %) . All mixtures were kept at  room tem- 
perature for 15 minutes. The latter mixture 
was then boiled for lone hour to inactivate the 
inhibitor. The materials were used for modi- 
fication of sheep red blood cells and the modi- 
fied red cells were tested with E. coli 026 
antiserum. The results are summarized in 
Table 11. It is evident that boiled egg yolk 
is less effective as an inhibitory agent t,han the 
unboiled material and that egg yolk which 
had been allowed to act on the bacterial an- 
tigen and was subsequently boiled and thus 
partially inactivated had produced greater in- 
hibition than was effected by boiled egg yolk. 

Discussion. Bacterial hemagglu t ina tion and 

* The inhibitors do not interfere with bacterial 
agglutination. 

hemolysis are of considerable interest from 
several points of view. In  the first place, 
direct bacterial hemagglutination may be 
used for the differentiation of closely related 
microorganisms, for example, H .  aegyptius 
and H .  infEuenzae (4).  Seclondly, indirect 
bacterial hemagglu tination and hemolysis are 
useful tools for the serologist, as exemplified 
by the Middlebrook-Dubos test for the demon- 
stration of antibodies against products of the 
tubercle bacillus( 5 ) .  Thirdly, the possibility 
exists that these phenomena may take place 
in vivo and conceivably could be responsible 
for hemolytic anemia associated with bacterial 
infections, similar to the hemolytic process 
described to develop concomitant with certain 
viral diseases (6).  The above reported ex- 
periments revealed that sera of man and 
various animals as well as certain, but not all, 
human plasma fractions inhibit the modifica- 
tion of red blood cells by E. coli antigen. Due 
tlo this inhibition these erythrocytes are not 
agglutinated or lysed by the homologous 
group-specific E. coli antiserum. Inhibititon 
was also demonstrated with egg yolk and cer- 
tain fractions obtained from rat liver. I t  has 
been shlown furthermore that these inhilbitors 
act mainly on the bacterial antigen and not on 
the red cells. This inhibition, then, differs 
from that due to receptor destroying enzyme 
interfering with viral hemagglu tina tion. 

This inhibition of E. coli modification of red 
cells is of interest also in connection with the 
previously reported ( 2 )  fact that unheated, in 
contrast to Iboiled, E.  coli suspensions fail to 
modify red blood cells. I t  is conceivable that 
inhibitor is present in the unheated bacterial 
suspension which is destroyed by heating. 
Since the B antigen of E. coli interferes with 
bacterial 0 agglutination, it is possible that it 
is this antigen which also interferes with the 
modificatioa of red (blood cells. When puri- 
fied B antigen becomes available, it will be of 
interest to determine its effects on E. coli 
modification of erythrocytes. The presence of 
inhibitors in various bacterial species may ac- 
count ftor their inability to modify red blood 
cells. Further studies on the presence of red 
blood cell modifying antigens and their in- 
hibitors in microorganisms are clearly indi- 
cated. 
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It is of interest to point out that certain 
human plasma fractions (111-0, IV-1 and al- 
bumin) which inlhibit bacterial modification of 
red cells also bring forth agglutination of red 
blood cells in the presence of incomplete Rh 
antibodies ( 7 ) .  Whether these 2 phenomena 
have an underlying mechanism in common 
remains to be determined. 

Summary. 1. The modification of red blood 
cells by boiled suspensions of E. coli sero- 
groups 026, 055 and 0111 is inhibited by 
human and animal sera as well as by egg yolk 
and various fractions of rat liver. Certain 
human plasma fractions in concentration of 
0.1 % (particularly fractions IV-1, IV-7 and 
albumin) are likewise effective, whereas others 
are not. 2. This inhibition is due largely to 
the action of the inhibitor on the bacterial 

antigen rather than on the red blood cell. 
3. The significance of the results is discussed. 
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The xyz factors( 1-1 1) are specific agents 
present in long-frozen lor lyophilized tissue or 
fresh supernatant fluid from certain malignant 
tumors which, when injected, render the 
animal hosts more susceptible to the subse- 
quent transplant of the same tumor. If the 
xyz factors are to affect the malignancy of 
spontaneous tumors in nature then it must be 
shown that each factor in transplanted tumors 
will influence the course of the same neoplasm 
in the inbred strain of origin. Prior experi- 
ments (have shown that the E0771 factor 
would enhance the course of malignant disease 
in the lC57 black strain(7,8) as well as in 
foreign strains of mice(5,6,11). It did not 
affect the course of transplanted tumor growth 
in C57 blacks for 3 other mammary cancers 
which arose in C57 black mice (755. 241-5, 
241-16) nlor did extracts of the other 3 tumors 
affect the course of E0771 in C57 blacks 
( 7,8). This seemed significant, particularly 
since the EO771  xyz factor has been demon- 
strated in some concentration in the normal 

liver and kidney of the Jackson Laboratory 
strain of C57 blacks but not in normal spleen 
(10 , l l ) .  Mammary cancers 755, 241-5, 241- 
16 had been carried in the National Cancer 
Institute strain of C57 blacks, and although 
the E0771 tumors used came from the Jack- 
son Laboratory the experiments were carried 
out with the Carworth Farms strain of C57 
black mice. The possibility arose that the 
diversity of C57 black strains used might have 
influenced the results. The present paper re- 
ports experiments on the effect of the ED771 
xyz factor lolbtained from tumors inoculated 
in the Jackson Illemlorial Laboratory and 
tested on tC57 BL/6 mice obtained from the 
same source. 

Materials and methods. Fifty-two C57 
BL/6 mice, 3-4 months of age, were obtained 
in one batch from the Jackson Mem.oria1 Lab- 
oratory in Bar Harbor, and were caged in 8 
boxes of 6 or 7 mice in each. 

Twenty-six mice ( 7  males and 19 females) 
were injected subcutaneously into the left 


