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Because antigenic expression is usually in- 
dependent of the background genome (in- 
cluding the alleles of the genes in question), 
it has been suggested that erythrocyte anti- 
gens may be more or less immediate products 
of their causative genes( 1.2). To gain some 
insight into the mechanism of production of 
these gene products. it seemed worthwhile to 
search for specific serological reactions be- 
tween the erythrocyte antigens and anti- 
bodies produced against chromosomal ma- 
terial. Means for studying these problems 
are provided by the wealth of antigenic fac- 
tors on bovine crythrocytes(3) by standard 
serological technics of hemolysis, hemolysis- 
inhibition and absorption. and by the avail- 
ability of calf thymus lymphocytes from 
which relatively pure chromosomal material 
can be isolated. 

Two major lines of evidence suggest that 
nuclear material can elicit antibody produc- 
tion. The first is the identification in the se- 
rum of patients with systemic lupus erythe- 
matosus (and other diseases) of a number of 
factors capable of reacting with different con- 
stituents of the cell nucleus(4.3). The reac- 
tion appears typical of antigen-antibody reac- 
tions since passive cutaneous anaphylaxis can 
be produced by injecting guinea pigs with 
“L.E.“ serum or purified “L.K.” factor along 
with calf thymus or salmon sperm DNL4( 6 ) .  
The second h e  of evidence is the production 
of antibodies in rabbits against a DXA-pro- 
tein extract od the bacterium RrzveZZzts ahor- 
tus(7) and related species(8). Of the sev- 
eral bands of precipitation obtained in the 
gel diffusion reaction between the antigen 
used for injection (or DN.4 from calf thymus 
or salmon sperm) and the resulting anti- 
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serum, one or more were Feulgen positive. 
This band could be altered by pre-treatment 
of the antigen with deoxyribonuclease, but 
not by pre-treatment with trypsin or chymo- 
t rypsin. 

Chro rn oso m c prepnra t ions. Thymus glands 
were obtained from unselected, 3- and 4- 
month-old calves, at  slaughter, and stored at  
-20°C until used. Blood for typing was ob- 
tained from each calf. The procedure for 
isolating chromosomes and the properties of 
these preparations are detailed elsewhere( 9).  
An additional straining through muslin re- 
moved clumps arising from the final centri- 
f ugation. 

Each of 6 
adult rabibits received injections on alternate 
days consisting of 1 ml of about a 15% sus- 
pension of the chromosome preparation from 
the thymus of a single calf, No’. 11. The first 
4 injections were intravenous, but after 2 of 
the rablbits died from anaphylactic shock, 
intraperitoneal injections were used. The 
rabbits were bled on the 9th and 10th day 
following last injection. Two of these rab- 
bits were given booster injections 3 weeks 
later, and bled on the fourth day thereafter. 
Blood was collected in dry tubes from the 
heart or ear vein. I t  was allowed to clot, the 
serum decanted, centrifuged, and heated to 
56°C for 30 min. to destroy complement ac- 
tivity. The sera were stored at  -201°C with- 
out preservative until used. 

Red blood cell sam- 
ples used for testing the immune sera were 
obtained from cows of various genotypes by 
bleeding from the jugular vein into tubes 
containing a small amount of isotonic sodium 
citrate and stored at  4°C: until used. The 
technics f o r  testing hemolysis and hemolysis- 
inhibition are described elsewhere( 10). He- 
iiitrlysis was judged by eye and graded from 
“0” (no lysis) to “3” (complete lysis). The 
titer olf a hemolytic serum is definer1 as the 
reciprocal of the highest dilution of the se- 

Iinnzmizations and bleedings. 

Testing procedures. 
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rum which gave more than a “3” reaction 
after 4 hours incubation. Inhibition was 
considered strong if the inhibitant reduced an 
otherwise “4” reaction to “O”, and weak if 
the inhibitant reduced the reaction to about 
“1” . Absorptions( 10) were performed by 
combining one vol of the serum with one vol 
of the absorbing material (red cells or chro- 
mosome preparation) and incubating for one 
min. a t  rmm temp (24 r+ 2”C), then for 15 
min. a t  room temp with a second volume of 
the absorbant, and finally for 30 min. at room 
temp and 30 min. a t  4’C with a third volume 
of absorbant. 

Hemolytic activity af anti-chromosome 
sera. The immune sera of all 4 rabbits 
showed reactions ranging in titer from 16 to 
128 with 25 unselected cattle cells, while the 
normal sera were non-reactive. To determine 
if these reactions were specific, various ali- 
quots of the immune sera were absorbed with 
the red cells or chromosome preparations 
from cows whose red cells contained anti- 
genic factors partly common to calf No. 11 
whose chromosolmes were used to produce the 
immune sera. For example, the 13 detectable 
antigenic factors on the red cells of calf No. 
11 were B1,  G, 01, Yz, E’I, D’, C1, E, X,, 
L’, F, J, and H’. The red cells of another 
cow used for one of the absorptions had all 
of these factors except G, Y2, E’,, 1)’ and F. 
Thus, antibodies with specificity for any of 
these 5 ‘factors, if present, should remain in 
the immune serum after absorption. However, 
when the absorbed sera were tested against a 
panel of cattle cells with known antigenic 
factors no hemolysis was noted. Since ab- 
sorption with any single sample of cells or 
chromosome preparation removed all hemoly- 
sins Ifor all other cells, it was concluded that 
the anti-chromosome sera contained only 
species-speci fic anti bodies. 

Inhibiting activity of absorbed anti-chro- 
mosorne sera. The absence of specific he- 
molysins that are thought to possess some 
sort of structural complementation to’ward 
the antigenic factors of the red cells prompted 
tests to detect factors structurally similar to 
the red cell antigens. If present, the immune 
sera might be expected specifically to inhibit 
antibodies reactive with some of the 13 blood 

,factors defined by the genotype of calf No. 
11, but not inhibit other antibodies. TO test 
this possibility, the immune sera were used 
as inhibitants in tests with approximately 20 
standard blood typing reagents (antibodies) 
including reagents reactive with the 13 blood 
factors of calif No. 11 as well as others. One 
drop of undiluted anti-chromosome serum 
and 2 drops of blood typing reagent were in- 
cubated for 30 min. Then, one drop of a 3% 
suspension of red cells was added that would 
normally be lysed by these reagents. The ab- 
sence of a hemolytic reaction would indicate 
that the antibodies had been inhibited and 
were not available to react with the cells. 

When the anti-chromosome sera were ab- 
sorbed with red cells before testing for inhibi- 
tion of the reagents, inhibitioa was practically 
never observed. (One absorbed serum showed 
weak inhibition for antibodies specific for 2 
of the 13 blood factors defined by the geno- 
type of calf No. 11, while a serum absorbed 
with the cells of another cow showed weak 
inhibition for one factor present and one not 
present on the cells of calf No. 11.) In con- 
trast, when the immune sera were absorbed 
with chromosome material from another calif, 
and then tested for inhibition, the inhibition 
was usually strong. However, inhibition was 
noted for factors absent as well as present on 
the red cells of calf No. 1 I .  For instance, one 
antichromosolme serum absorbed with a chro- 
mosome preparation ‘from another calf 
showed strong inhibition activity for the 13 
b l d  factors of calf No. 11 and also for 10 
of 12 blood factors not present on the cells 
of calif No. 11. 

It seem unlikely that the chromosome 
preparations used in the absorptions intro- 
duced the inhibiting capacity into the ab- 
sorbed sera, because rabbit normal sera pro- 
duced little or no inhibition when similarly 
absorbed by the same chromosome prepara- 
tions or by red blood cells. Jn addition, an- 
other group af rabbits that had been injected 
with a chromosome preparation mixed with 
a4djuvants produced sera with no hemolytic 
activity, but moderate and strong inhibition 
was demonstrable without absorption. 

Other tests with the anti-rhvomvsomc seru. 
Absorptions of cattle b lwd typing reagents 



k', V, J and %, with chroniosome preparations 
resulted in some decrease in titer. However. 
the absorptions were non-specific, since the 
decrease was independent of whether or not 
the chromosomes had been obtained from a 
calf carrying these antigenic factors. 

Some of the anti-chromosome sera were 
tested for agglutinins against the red blood 
cells of rabbits, doves, rats and humans. KO 
difference in reactivity was observed for these 
cells between the immune sera and the normal 
sera. 

~ ~ i s c u s s i o ~ z .  Immune sera produced i n  rail- 
bits against chromosome preparations from 
calf thymus have been shown to possess spe- 
cies-specific hemolytic activity toward cattle 
erythrocytes. I t  was not possible to demon- 
strate type-specificity since attempts to selec- 
tively absorb out some of the hemolysins with 
erythrocytes or chromosome preparations re- 
sulted in a complete loss of hemolytic activ- 
ity. If the hemolysins were directed against 
the cattle DXL4 of the chromosome prepara- 
tions rather than against the protein portion. 
then any activity directed toward cattle red 
cells, which do not possess a nucleus and pre- 
sumably lack DIC'A, would indicate that sub- 
stances on the surface of the red cells had 
configurations similar to DNA. The presence 
of anti-DNA antibodies would have been 
strongly suggested had we been able to show 
that the anti-chromosome serum specifically 
hemolyzed red cells from only those animals 
that shared erythrocyte antigens with the ani- 
mal used as the source of the chromosomes. 
However, the inability to show this type-spe- 
cificity argues that the hemolysins were eli- 
cited by proteins common to the chromosome 
preparations and to the red blood cells and 
possessed by all members of the species. I t  
is possible that material adsorbed to the chro- 
mosomes in the course of preparation is re- 
sponsible for these reactions. 

After absorption of the hemolysins with 

chromosome preparations, the immune sera 
displayed inhibiting activity toward anti- 
bodies reactive with cattle cells. This inhi- 
bition activity gave no clear pattern with re- 
spect to the antigenic constitution of the calrf 
whose chromosomes were used for the injec- 
tions, therefore, no conclusions can be drawn 
with respect to type-specificity. The reason 
for the loss of inhibiting activity of antichro- 
mosome sera after absorption with red blood 
cells, but not after absorption with chromo- 
some preparations is not known. 

Summary. Rabbit antisera prepared by 
injection of cattle chromosomal material con- 
tained species-specific, but not type-specific 
hemolysins ifor cattle erythrocytes. These 
sera also showed an unexplained inhibiting 
activity toward standard antisera reactive 
with cattle erythrocytes. 
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