
136 

Inactivation of High and Low Molecular Weight Chicken Antibodies by 
Mercaptoethanol.* (28299) 

ALBERT A. BENEDICT, RONALD J. BROWN AND ROBERT HERSH~ 
Departments of Bacteriology and Comparative Biochemistry and Physiology, University of Kansas, 

Lawrence, Kansas 

Antibodies with a sedimentation coefficient 
of 19s are synthesized initially followed by 
synthesis of 7s 7-globulin antibodies in sev- 
eral animal species and to a variety of anti- 
gens( 1-5). Delineation of these antibodies is 
based, in part, on dissociation of the 19s 
macroglobulin to 7s subunits by sulfhydryl 
compounds, and the relative resistance of 7s 
antibodies to these reagents( 6). High con- 
centrations of 19s antibody are produced in 
chickens following a single injection of bovine 
serum albumin (BSA) (4), and these anti- 
bodies, partially purified by chromatography 
and ul tracen tri f ugation, were dissociated with 
2-mercaptoethanol (ME) ( 7 ) .  I t  was sug- 
gested that some inactivation of anti-BSA 
7s hemagglutinin might also occur (7) .  The 
purpose of the present study was to investi- 
gate in more detail the reduction of the 7s 
and 19s chicken antibodies by various con- 
centrations of ME. 

Materials and methods. For induction of 
primary responses, adult Austra hens were 
given a single intravenous injection of 40 mg 
BSA (Pentex). Booster sera were obtained 
by giving 4 daily intramuscular injections 
of 10 mg BSA each, 3-4 weeks following the 
primary injection. Bleedings were made 6 
days following the primary and last booster 
injection. The sera of 15-20 chickens were 
pooled, and the globulins precipitated once 
with Na2S01. Passive hemagglutination 
(HA) titers were determined as previously 
described (3). Relative amounts of low and 
high molecular weight antibody activities 
were estimated by zone ultracentrifugation 
in sucrose density gradients (6). Analytical 
ultracentrifugal examination was carried out 
as previously described ( 7) .  Sera were treated 
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with various concentrations of ME for vari- 
ous periods at  room temperature, after which 
they were dialyzed against pH 7.2 buffered- 
saline, and immediately titrated for antibody 
activity. In later experiments dialysis prior 
to titration was found to be unnecessary. 
For determining the antigen-binding capac- 
ity of antibody, chickens were immunized 
with human serum albumin (HuSA) employ- 
ing the above immunization schedule, and the 
method described by Farr(8) was used. The 

labeled HuSAt (I*HuSA) was diluted 
to contain 0.2 pg N, and sera were diluted 
in 1 : 10 normal chicken serum in borate buf- 
fer. The ammonium sulfate precipitated 
I*HuSA-globulin complexes were counted in 
a well-type gamma scintillation counter, and 
per cent of antigen precipitated was deter- 
mined by the ratio of the counts per minute 
in the precipitate to total counts per minute 
of I*HuSA added. The usual controls were 
employed. Degradation with crystalline 
papain$ (1% by weight) was performed ac- 
cording to the method of Porter(9) using 
primary and booster anti-BSA globulins which 
had been concentrated by 3 precipitations 
with decreasing concentrations of Na2S04 
(7). 

Results. The primary anti-BSA serum 
pools had hemagglutinin mainly associated 
with rapidly sedimenting molecules, and anti- 
body activity in booster sera was associated 
with 7s globulins (Table I ) .  Identification 
of the high and low molecular weight anti- 
bodies was confirmed by chromatographic 
fractionation (7) .  

Inactivation of antibody was a function of 
ME concentration and time. Activity com- 
pletely disappeared in primary sera after 4 
hours exposure to 0.1 M ME, and complete 
inactivation occurred within 30 minutes with 
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TABLE I. Distribution of Hemagglutinating 
Anti-BSA Chicken Antibodies in  Fractions Sepa- 
rated by Density Gradient Zone Ultracentri- 

f ugation. 

(-Serum-, 
Fraction* Primary t Booster # 

~~ 

Unf ractionated 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 (pellet) 

1 (top) 
327,6805 

0 
10 
80 
80 

160 
80 

160 
10,240 
81,920 
81,920 

40 

163,840 
20 
20 
40 

320 
20,480 
20,480 

2,560 
2,560 

640 
320 
40 

* Sucrose concentrations ranging from 10 to 
40%. Centrifugation carricd out for 15 h r  at 
35,000 rpm. 

t Serum pool obtained 6 days following single 
injection of 40 mg of BSA. 

# Serum pool obtained following repeated im- 
munization. 

Reciprocal of hemagglutinin titer. 

TABLE 11. Precipitation of F H u S A  by Mercap- 
toethanol-treated Primary Chicken Anti-HuSA in  
the Presence of 50% Saturated Ammonium Sulfate. 

Per  cent J?=HuSA 
Reciprocal precipitated with 

serum dilution 50% sat. (NH,),SO, 

10 
50 

100 
500 

1,000 
2,000 

43* 
39 
30 

7 
4 
1 

* Values obtained after subtraction of binding 
(7%) by normal serum controls. 

0.5 M ME (Fig. 1). Although the 7s anti- 
bodies were more resistant to reduction, con- 
siderable loss of activity occurred after ex- 
posure for 120 hours to 0.1 M ME, and only 
slight hemagglutinin remained after 18 hours 
treatment with 0.7 M ME (Fig. 2) .  Marked 
turbidity of the preparations treated with 
the higher concentrations of ME appeared ; 
however, loss of 7s antibody activity did not 
appear to be a result of precipitation of 7s 
globulins. Analytical ultracentrifugal analysis 
showed little loss in 7s globulin concentra- 
tion after treatment with 0.5 M ME, and no 
dissociation products were detected. 

The binding ability for a primary anti- 
HuSA serum treated with 0.1 M ME for 48 

hours is shown in Table 11. This serum had 
an HA titer of 1 : 8 19,200 and 1 : 80 before and 
after treatment, respectively. The quantity 
of dissociation products that might be ca- 
pable of binding will be determined when 
purified 19s antibody becomes available. In 
this connection, repeated attempts to inhibit 
hemagglutination with ME-treated primary 
sera have failed, although preliminary evi- 
dence suggests that the homologous precipitin 
reaction may be inhibited. 

Table I11 shows that papain destroys most 
of the hemagglutinin of both high and low 
molecular weight chicken anti-BSA. Ultra- 
centrifugal analysis revealed a conversion of 
some of the globulins to 3.5s units. 
Discussion. Sulfhydryl reducing agents 

have been used to distinguish macroglobulin 
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FIG. 1. Effect of different concentrations of 2- 
mercaptoethanol on high molecular weight chicken 
anti-BSA hemagglutinin. 

FIG. 2. Effect of different concentrations of 2- 
mercaptoethanol on low molecular weight chicken 
anti-BSA hemagglutinin. 
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TABLE 111. Degradation of Chicken Anti-BSA 
Heniagglutinating Antibody by Papain. 

Hemagglutinin titer 
Protein Papain 

Serum* (fig) Untreated treated 

Primary 38.8 40,960 8 
Booster 45.0 20,480 < l o  

* Globulins isolated by N&SO, precipitation. 

from the 7s class of antibodies; nevertheless, 
7s antibodies also might be susceptible to 
partial inactivation. Complete inactivation of 
19s chicken antibodies occurred when 0.1 M 
ME yielded 7s dissociation products ( 7) .  In 
the present study, this concentration of ME 
caused some loss of activity of chicken anti- 
body of predominantly the 7s type. Higher 
concentrations of ME progressively inacti- 
vated 7s hemagglutinin, and little hemag- 
glutinin remained after treatment with 0.7 M 
ME. Exposure to 0.5 M M E  caused no ap- 
parent decrease in the molecular weight of 
chicken 7s globulins. These observations 
were consistent with those reported by Edel- 
man and Poulik(l0) that the molecular 
weight of human 7-globulin treated with 0.1 
M p-mercaptoethylamine (MEA) in the ab- 
sence of denaturing agents was the same as 
untreated globulin. Although there was no 
apparent change in molecular weight, some 
reduction might occur since rabbit 7-globulin 
treated with 0.4 M MEA in the absence of 
denaturing agents splits 7 disulfide bonds 
(11). 

The mechanism by which reducing agents 
inactivate 7s chicken antiprotein hemagglu- 
tinin, and whether inactivated 7s antibody 
combines with antigen remains to be clari- 
fied. Primary sera, in which virtually all 
hemagglutinating capacity had been de- 
stroyed, still combined with antigen, as in 
the report that mercaptan dissociated saline 
Rh agglutinins, although showing no direct 
agglutinating activity, still give a positive 
Coomb’s test ( 12). Whether binding was due 

to ME-resistant 7s antibody or to 19s dis- 
sociation products is not known. 

Certain studies indicate differences in re- 
ducibility of 7s globulins from different ani- 
mal species. Markus and Karush(l3) re- 
ported complete reduction of bovine y-globu- 
lin with 0.1 M MEA and 0.1 sodium decyl 
sulfate, whereas rabbit 7-globulin had lower 
reducibility under the same conditions ( 14). 
Also, slowly sedimenting frog and goldfish 
antibodies recently were shown to be inacti- 
vated with 0.1 M ME(5).  A comparative 
study of reducibility of 7s globulins might 
place chicken antibodies in some intermedi- 
ate position. 

Summary. Inactivation of 7s and 19s 
chicken antibodies was dependent on mercap- 
toethanol concentration and time. Papain- 
degraded high and low molecular weight 
chicken antibodies lost agglutinating ability. 

1. Stelos, P., J .  Infect. Dis., 1958, v102, 103. 
2 .  Bauer, D. C., Stavitsky, A. B., Proc. Nut. Acad. 

3. Benedict, A. A., Brown, R. J., Ayengar, R., 

4. Benedict, A. A., Brown, R. J., Bact. Proc., 

5. Uhr, J. W., Finkelstein, M. S., Franklin, E. C., 

6. Fundenberg, H. H., Kunkel, H. G., J .  Exp .  

7.  Benedict, A. A., Brown, R. J., Hersh, R. T., 

8. Farr, R. S., J .  Infect. Dis., 1958, v103, 239. 
9. Porter, R. R., Biochem. J., 1959, v73, 119. 
10. Edelman, G. M., Poulik, M. D., J .  E x p .  Med., 

1961, v113, 861. 
11. Markus, F., Grcssberg, A. L., Pressman, D., 

Arch. Biochem. Biophys., 1962, v96, 63. 
12. Chan, P. C. Y., Deutsch, H. F., J .  Zmmunol., 

1960, v85, 37. 
13. Markus, G., Karush, F., J .  Am. Chem. SOC., 

1957, v79, 134. 
14. Karush, F., ibid., 1957, v79, 5323. 

Sci. U. S.,  1961, v47, 1667. 

J .  Exp .  Med., 1962, v l l 5 ,  195. 

1962, p86. 

PROC. SOC. EXP. BIOL. AND MED., 1962, V l l l ,  13. 

Med., 1957, v106, 689. 

J .  Zmmunol., 1963, v90, 399. 

Received January 2, 1963. P.S.E.B.M., 1963, v113. 




