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Rabbit 19S Antibodies with Allotypic
Specificities of the a-Locus Group

Abstract. Activity of bacteriophage
T4 neutralizing antiserums obtained 8
days after a primary immunization of
rabbits with purified phage T4 is due to
antibodies of the 19S (IgM) type. This
neutralizing activity could be partially
inhibited by treatment with excess anti-
serum directed against the a-locus group
allotypic specificity carried by the whole
rabbit serum.

Todd (I) presented evidence that
rabbit 195 macroglobulin—IgM (2)—
carried allotypic specificities controlled
at both the a and b loci (3). The 7§
y-globulin (IgG) has specificities of both
locus groups; these group specificities
are distributed in such a way that the
“light” chains (L or B) of IgG have
specificities only of the b-group (A4,
AS, A6) and the “heavy” chains (H or
A) of IgG probably have specificities
only of the a-group (Al, A2, A3) (4).
Such a separation of group specificities
is not surprising, as the two loci, a and
b, are not closely linked (5). One might
expect IgM to have the b-group speci-
ficities since L or B chains are prob-
ably common to the different types of
rabbit immunoglobulins as seems to be
the case with human and horse im-
munoglobulins (6). But since the
a-group specificities are carried by the
A or H chain (4), a portion of which
is not common in antigenicity (7) be-
tween IgG and IgM, it is surprising
that the two types of rabbit immuno-
globulins both have the a-group allo-
typy. Feinstein et al. (8) confirmed the
existence of b-group specificities on
IgM, but could come to no conclusions
about the existence of a-group speci-
ficities. One of us (9) found some
evidence for the b-group specificity but
failed to find a-group specificity on a
single sample of IgM. We now have
confirmed and extended the findings of
Todd (1) by showing that bacterio-
phage T4-neutralizing antibodies of the
19S5 type have allotypic specificities of
the a-group.
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Antiserum directed against allotypic
specificities were prepared (/0) and
were shown by ring test to be
monospecific for the particular allo-
typic activity. Bacteriophage-neutral-
izing antiserums were prepared by
the single injection of about 10
bacteriophage-T4 plaque-forming units
per rabbit; 8 days later the rabbits
were bled from the marginal vein of
the ear. The serums were stored frozen
until used. High-titer neutralizing anti-
serum to T4 was obtained by continuing
the immunization for 3 months, about
101° phage being injected at monthly
intervals; serums were obtained 10 days
after the final injection. Phage-neutral-
izing activity was assayed by the kinetic
method (11), and results were recorded
as first-order rate constants of neutral-
ization. After more than 90 percent
phage neutralization had - occurred
phage survival was generally not linear
(if the log of the number surviving was
plotted against time); the values of
neutralization constants given were ob-
tained from the initial, linear region in
these cases. The neutralizing activity of
IgM against T4 was destroyed by re-
duction of the globulin with 0.1M or
0.2M 2-mercaptoethanol (1 hour at
37°C) before the addition of bacterio-
phage and the start of the neutralization
assay (I2). Residual activity was de-
termined in the presence of the reduc-
ing agent; no effect of the mercapto-
ethanol was noted with high-titer (75)
antiserum to T4 assayed in the above
manner.

Sucrose-gradient sedimentation was
performed as described by Vaerman
et al. (12), except that 5 percent sodium
chloride was replaced by 0.1M phos-
phate, pH 7.5. Samples were centrifuged
in the cold at 35,000 rev/min (Spinco
Model L, SW-39 head) for 14 or 16
hours. The pJ-galactosidase activity of
a crude extract of induced Escherichia
coli K12 was used as a sedimentation-
velocity marker; the enzyme, as de-
tected by its activity with o-nitrophenyl-
pB-D-galactoside, has a reported sedi-
mentation value of about 16§ (14).

The effect of the antiserum with
allotypic specificity on the neutralizing
activity of the antiserum to T4 was
assayed by addition of 0.005 ml of
8-day antiserum to T4 to 1 ml of either
normal rabbit serum or rabbit antiserum
with allotypic specificity. This mixture
was incubated at 37°C for %2 or 1
hour and then was held in the refrigera-
tor overnight. The next day the total
mixture was brought to 37°C, and the

phage was added (about 2 X 10
plaque-forming units). Phage survival
was followed up to 750 minutes, and
the first-order rate constant of neutral-
ization was calculated. The results of
such assays are given in Table 1. The
homologous antiserum to allotypic
specificity significantly inhibited the ac-
tivity of the antiserum to phage in
every case, the inhibition being from
40 to 90 percent. The one antiserum
to b-group tried (antiserum to A4 with
serum AQ002) also resulted in a large
inhibition (78 percent) of the antiserum
to T4.

The effect was specific (Table 1);
antiserum directed against an allotypic
specificity lacking in the antiserum to
T4 gave no comparable inhibition. The
neutralizing values in such cases were
within the experimental error of that
found when antiserum to T4 was mixed
with normal rabbit serum, although
some small effect could not be ruled
out by these experiments. Also (Table
1) the addition of a normal serum with
the A1l allotypic specificity to the mix-
ture of antiserum to Al and Al-nega-
tive antiserum to T4 was without effect.
This control was included to test for
possible indirect effects of the reaction
of antiserum to allotypic specificity
and IgG (that could not react with T4)
such that 19§ antibody would be in-
hibited. However, no such indirect ac-
tion was observed. No explanation is
attempted for the variability of the
degree of the inhibition by antiserum
directed against allotypic specificity on
the 195 neutralizing antibodies. How-
ever, the final three values in Table 1
were obtained with rabbits immunized
with a fresh purified lysate of phage
T4, and this same lysate was used to
assay these three antiserums for activity
against T4.

To show that the phage neutralizing
antibody of these early antiserums was
actually 198 antibody (IgM), use was
made of several properties of IgM. Thus
the early antiserums were assayed with
and without mercaptoethanol treatment
(12). By this assay all antiserums to
T4 were 80 to 90 percent, or more,
sensitive to the reducing agent, as ex-
pected of IgM antibody. Sucrose
gradient sedimentation separations were
carried out on serums A002 and A003
as a direct measurement of the 19§
antibody of each serum. Again the
phage-neutralizing activity of both
serums was only in the 19§ peak—
slightly faster in sedimentation velocity
than that of [-galactosidase and far
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Table 1. Effect of antiserum directed against
allotypic specificity on phage-neutralizing ac-
tivity of antiserums obtained from rabbits 8
days after a single injection of bacteriophage
T4. Five microliters of antiserum to T4 were
added to 1 ml of either normal rabbit serum
or antiserum to the indicated allotypic speci-
ficity. This mixture was incubated %2 or 1
hour at 37°C and then at 4°C overnight
before activity against T4 was assayed.

Allo- Anti- K, Iohibi-
Serum £ Otl)" ,ﬁl‘f la serum (mirllil) :{,21;
A002 A a2b4 None* 1.3
A002 A a2b4 A2 0.33 75
A002 A a2b4 Al 1.1 15
A002 A a2b4 A4 0.26 80
A003 A albd None* 1.6
A003 A albd Al 0.96 40
A003 Aalb4d A3 1.8 —-12
A006 A a3b4d None* 1.6
A006 A a3b4 A3 0.66 59
A006 A a3b4 Al 1.8 —12
A006 Aalbs Aly 1.6 0
A010 A albd5 None* 1.3%
A010 A a3b4.5 Al 0.1 92
A010 A alb4.5 A2 1.1 15
A012 A a2b4 None* 0.94%
A012 A a2b4 A2 0.1 89
A012 A a2b4 Al 0.85 10
A013 A alb4 None* 0.79%
A013 A albd Al 0.1 87
A013 A alb4 A2 0.74 6

* Normal rabbit serum used instead of antiserum.
7 Normal Al+ serum (5 mu) was also added to
antiserum to Al to test for indirect effects.
1 These values are corrected for some T4-neutral-
izing activity present in the normal serum used
for these assays. This correction was about 0.2
K units (0.2 min-1) and was subtracted from
each of the final K values of the three serums to
yield the values given here.

removed from the 7S5 position as
marked by the phage-neutralizing ac-
tivity of a high-titer antiserum to T4.

Another characteristic of IgG and
IgM is the difference in antigenicity of
the two immunoglobulins. Antiserum
directed against the papain digest frag-
ments I and I’ (or Fab) of IgG will
react with both IgM and IgG, whereas
antiserum directed against the papain
fragment III (Fc) of IgG will react only
with IgG (7). Furthermore, either anti-
serum to fragment I or antiserum to
fragment III added in excess to high-
titer (IgG) phage-neutralizing antiserum
will inhibit the neutralizing activity
(15). The addition of antiserum to
fragment I to the first three 8-day anti-
serums to T4 followed by incubation at
37° and at 4°C resulted in the loss
of 56 to 90 percent of the T4-neutral-
izing activity; antiserum to fragment III
inhibited these antiserums to T4 less
than 10 percent in two cases and 20
percent in the third case, and these
inhibitions with antiserum to fragment
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III could easily be explained by non-
specific effects in view of the large
amount of precipitation.

Thus antiserum directed against the
a-group specificity of early antiserums
against bacteriophage inhibits phage-
neutralizing activity. This inhibition is
apparently due to a direct action on
IgM—at least that particular IgM rep-
resented by 195 antibodies to T4. Also,
the phage-neutralizing activity of such
8-day antiserum was mainly IgM by all
criteria tested; the amount of 7S anti-
body (IgG) which could be present
would not be enough to modify the
conclusions that the foregoing effects
were due to action on IgM.

The chemical nature of the a-group
allotypic specificities is not known at
present; the specificities could be due
either to variations in the protein pri-
mary structure or to variations in non-
protein moieties—perhaps carbohydrate
—added to the polypeptide chains of
either IgG or IgM protein. But if the
a-group specificities are due to varia-
tions in the primary structure of the
polypeptide chains, the suggestion by
Todd (/) and again by Cohen and
Porter (6) that the primary heavy
chain actually is at least two polypep-
tide chains, with at least one portion
common between IgG and IgM, must
be very seriously considered. It should
be pointed out that the two polypep-
tide chains might fuse to a single chain
after their independent synthesis. Again,
a mechanism such as suggested by
Smithies et al. (I16) would allow as
another possibility the formation of a
single polypeptide chain with its pri-
mary structure controlled by non-
adjacent genetic elements. It should be
possible before too long to choose from
these or other suggestions to form a
clearer concept of the biosynthesis of
the immunoglobulins.

G. W. STEMKE
R. J. FISCHER
Department of Biology, Division
of the Natural Sciences, and
Department of Microbiology, School
of Medicine, University of Pittsburgh,
Pittsburgh, Pennsylvania
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Rotational Symmetry in
Foot-and-Mouth Disease
Virus and Models

Abstract. With small, animal viruses
for which electron-microscope images
show little penetration by negative
stain, the rotation technique for struc-
ture determination is useful. Foot-and-
mouth disease virus resembles a 32-
unit model when rotational images of
virus and models simulating virus in
negative stain are compared.

The smaller animal viruses do not
show the same resolution of morpho-
logical subunits in negatively stained
preparations for electron microscopy
as some other viruses of the same gen-
eral size do. For example, foot-and-
mouth disease virus (FMDYV) and poli-
omyelitis virus (/) are not as easily
penetrated by phosphotungstic acid as
turnip yellow mosaic virus (2) and
X174 virus (3) are. To determine
the probable arrangement of morpho-
logical subunits in FMDYV, the rotation
technique of Markham (4) was applied
to. images of highly purified virus as
well as to models constructed to simu-
late the condition of virus in negative
stain.

Foot-and-mouth disease virus, strain
A119, was produced in tissue cultures
of bovine kidney and purified (5).
Virus was deposited by loop-drop on
formvar films lightly coated with car-
bon. The grids were stained with 1 per-
cent potassium phosphotungstate (6)
and examined in an electron micro-
scope (RCA-EMU-3G) with a double
condenser. Selected micrographs of in-
dividual virus particles (Fig. 1) indi-
cate that morphological units are visi-
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