Structural Differences between Two Types of “Heavy Chain”

Disease Proteins and Myeloma Globulins of Corresponding Types

Abstract. Structural differences between two antigenic types (designated C and
Z) of vy-globulins, both of low molecular weight, produced in “Heavy chain”
disease are revealed by their relative susceptibilities to enzymatic degradation by
papain and the nature of the cleavage products. Corresponding structural differ-
ences exist between the respective type C and type Z myeloma +:-globulins.
These structural differences are tentatively assigned to the H-chains, and more
specifically to the portion of the H-chain contained in the fast-moving (F) frag-

ment of papain-treated +y:-globulins.

In the past year, five cases of a
previously unrecognized form of plasma
cell dyscrasia, tentatively designated as
“Heavy (Hy:) chain” disease (/) have
been described (2-5). The predomi-
nant clinical features of this disease
are generalized lymphadenopathy, sple-
nomegaly, hepatomegaly, anemia, and
a marked susceptibility to bacterial in-
fections. Histologic studies have shown
a proliferation of reticulum cells, plas-
macytic, and lymphocytic forms. The
distinguishing biochemical abnormality
in this syndrome is the excessive pro-
duction of proteins of low molecular
weight (of the order of 53,000), which
are related to the heavy (H) polypep-
tide chains of 7S y:.-globulin and more
specifically to the fast-migrating (F)
fragment of papain-treated 7§ y--glob-
ulin. These proteins are unrelated to
the light (L) polypeptide chains and the
slow (S) fragment resulting from
papain digestion of 7S y--globulin, and
to the Bence Jones proteins.

The first of these cases, case 1(C) (6),
was reported by Franklin and associ-
ates (2), and the subsequent four cases,
IT to V, by us (3,5). In the initial
comparative immunochemical studies
of these five proteins, we used anti-
serums prepared against the protein
from case I(C) and against 75 -~
globulin. These studies indicated that
the proteins from cases I, II, III, and
IV were antigenically identical, where-
as the protein from case V (Z), al-
though closely related to these four
proteins, was, in comparison, anti-
genically deficient when examined with
the antiserum to the case I (C) pro-
tein (5).

Subsequent immunochemical studies
by Ballieux et al. (7), which have been
confirmed in this laboratory, demon-
strated that the protein from case V
(Z) contained antigenic determinant(s)
which were lacking in the case I (C)
protein. After the Z-specific antigenic
determinant(s) and the antigenic spec-
ificity of C had been demonstrated, it
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was found (7) that myeloma y--globu-
lins could be antigenically typed as
either C (the more common) or Z. The
Ouchterlony analyses shown in Fig. 1
illustrate this point. The pattern on the
left, developed with an antiserum to the
case II (type C) protein demonstrates
a reaction of complete identity between
the case II protein and the type C
myeloma y=-globulin in well 4. A re-
action of partial identity (spur forma-
tion) is seen between the case II pro-
tein and type Z myeloma v--globulin
in well 1. Conversely, the pattern on
the right, developed with an antiserum
to the case V (Z) protein, shows a
reaction of complete identity between
the case V (Z) protein and the type
Z myeloma y=globulin in well 9, and
a reaction of partial identity (spur
formation) with the type C myeloma
y=-globulin in well 6. Analyses of 20
myeloma vy:-globulins showed that 18
(90 percent) were of type C, and only
2 (10 percent) were type Z (8). Fig-
ure 1 also demonstrates that pooled
normal human 7S y--globulin (Cohn
fraction II) contains both types C and
Z molecules, with a predominance of
the C. These findings are in confirma-
tion of the observations of Ballieux
et al. (7).

As reported previously (5), further
evidence of a structural difference be-
tween the case I to IV (type C) pro-
teins and the case V (Z) protein was
obtained by the demonstration of dif-
ferences in their behavior after enzy-
matic digestion with papain (9). These
differences are illustrated in the im-
munoelectrophoretic patterns in Fig. 2
which were developed with the anti-
serum to the case II (type C) protein.
The case II protein (type C), after
treatment with papain for 4 hours,
shows a major precipitin arc (F°) with
a bimodal distribution and a minor arc
(F’) which gives a reaction of partial
identity with the major arc. After diges-
tion for 18 hours, a marked attenuation
of the major arc (F°) is evident, where-
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Fig. 1. Immunodiffusion analyses of case
II (type C) and case V (Z) proteins, nor-
mal 7§ «.-globulin (F II), and type C and
type Z myeloma +.-globulins. Antiserums
to the case II type C and case V (Z) pro-
teins were used.
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Fig. 2. Immunoelectrophoretic analyses
demonstrating the differences in behavior
between the case II (type C) protein and
the case V (Z) protein after papain-diges-
tion for 4 and 18 hours. The patterns of
normal 7§ v.-globulin (fraction II) prior
to and following 18-hour papain-digestion
are shown at the top. The slow (S) frag-
ment of papain-treated normal v.-globulin
is demonstrated by the antiserum to nor-
mal 7§ ~v-globulin (anti-y.) but not with
the antiserum to the case II protein.
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Fig. 3. Immunoelectrophoretic analyses of
type C and type Z myeloma v.-globulins
before and after digestion with papain for
4 and 18 hours.

as the F” arc is unchanged in intensity
as compared with the pattern of the
4-hour digest. In contrast to this be-
havior, the case V (Z) protein, after
4 hours of papain digestion, shows a
marked diminution in intensity and a
cathodal displacement of the major pre-
cipitin arc (F*) without the develop-
ment of an F’ arc. Treatment of the
case V (Z) protein for 18 hours de-
stroyed all material precipitable by the
antiserum to the case II protein.

We then studied the comparative ef-
fects of papain treatment on six type
C and the two type Z myeloma -
globulins. Representative results of
these studies are shown in Fig. 3. These
patterns were made with the antiserum
to the case II protein, which develops
only the F and F’ arcs, and an anti-
serum to normal 7§ vy:-globulin (anti-
y2) which also demonstrates the S
(slow) fragment. The type C myeloma
y=-globulin, after 4 hours of papain di-
gestion, shows strong F and F” arcs in
addition to an S arc. After 18 hours of
digestion, these three arcs are still visi-
ble, although attenuated, and it is evi-
dent that the F arc has been diminished
to a greater degree than the F” and S
arcs. In contrast to this behavior, the
type Z myeloma v:-globulin, after 4
hours of papain treatment, shows a
prominent S arc, only a very faint trace
of an F arc, and no F” arc. After di-
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gestion for 18 hours, only the S arc
remains. The faint inner arc visible in
the pattern of the undigested type Z
myeloma v:-globulin developed with
the antiserum to the case II protein
probably represents a small amount of
normal 7S +e-globulin, and the very
faint F arc seen after 4 hours of diges-
tion may have been derived from that
source.

These observations establish the ex-
istence of major structural differences
between type C and type Z myeloma
y=-globulins which are comparable to
the demonstrated differences in the
type C and Z proteins in “Heavy
(Hy:) chain” disease. These structural
differences are reflected in greater sus-
ceptibility to papain digestion of type Z
than of type C proteins, and the devel-
opment of an F’ component after
papain treatment of type C but not of
type Z proteins. Because of the greater
susceptibility of type Z molecules to
papain degradation, it would be antici-
pated that the isolated F fragment of
papain-treated pooled normal 7S y.-
globulin would contain exclusively type
C molecules, and this has been dem-
onstrated.

Within the obvious and generally
recognized limitations of the nomen-
clature systems now used, the struc-
tural differences demonstrated in these
studies are tentatively assigned to the
H-chains, and more specifically to the
portion . of the H-chain contained in
the F fragment of papain-treated 7S
ve-globulin.
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Resistance to the Chemical Sterilant,
Apholate, in Aedes aegypti

Abstract. Increased resistance to the
sterilizing effects of apholate was ob-
served in two colonies of Aedes aegypti
(L.) exposed in the larval stage of each
generation to concentrations of apho-
late that induced about 90 to 40 per-
cent sterility in the eggs laid by the
ensuing adults.

Since the inception of research on
the potential of chemosterilants as in-
sect control agents, many persons have
asked whether insects could develop
resistance to the sterilizing effects of
these compounds. On the other hand,
because the action of certain chemo-
sterilants influences the induction of
dominant lethal mutations, it has been
theorized that continued exposure to
substerilizing dosages or to dosages
causing only partial sterility might re-
sult in accumulation of genetic defects
and ultimate death of a colony.

In 1962 efforts were initiated to
determine whether the yellow fever
mosquito, Aedes aegypti (L.), could
develop resistance to apholate (7).
Weidhaas et al. (2) had reported that
sterility could be induced in A. aegypti
by feeding adult mosquitoes on honey
solution containing 0.1 percent of
apholate. Weidhaas (3) had also dem-
onstrated that exposure of larvae of
A. aegypti, from the third instar to
pupation, in water containing 10 parts
of apholate per million produced about
90 percent sterility in the ensuing males
and about 50 percent sterility in fe-
males. When both sexes were treated,
sterility was about 98 percent. In later
experiments at this laboratory sterility
induced by this larval treatment some-
times reached 100 percent. For our
experiments in development of resist-
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