Concanavalin A Reaction with Human Normal Immunoglobulin G

and Myeloma Immunoglobulin G

Abstract. Concanavalin A precipitated less than 5 percent of immunoglobulin G
from human serum. It reacted with all of 42 myeloma serums of the immuno-
globulin G type tested, but no more than approximately 50 percent of the total
myeloma protein was ever precipitated. The fact that not all of the protein was
precipitated and that the amounts precipitated varied from serum to serum may
be interpreted as demonstrating heterogeneity of the carbohydrate in these mye-
loma proteins. Other glycoproteins precipitated by concanavalin A were iden-
tified, and subsequently separated from concanavalin A by chromatography.

Concanavalin A, the globulin from
jack-bean meal, reacts with serum gly-
coproteins (I, 2), presumably because
of its specificity for their nonreducing
mannosyl- and N-acetylglucosaminyl
end groups (3). Harris and Robson
demonstrated that crude jack-bean meal
extracts precipitated ap-macroglobulin,
yi-macroglobulin (IgM), g-lipoprotein,
and ceruloplasmin; as judged by elec-
trophoresis haptoglobins were also pre-
cipitated (2). Since no reaction with
7S y-globulin (IgG) was noted, I at-
tempted to use concanavalin A to sep-
arate IgM from IgG. I now present
data demonstrating that, depending on
the serum, variable amounts of IgG
from normal and myeloma serums
precipitated with concanavalin A.

Concanavalin A was prepared by a
modification of Agrawal and Gold-
stein’s procedure (4). The crude saline
extract of commercial, defatted jack-
bean meal was clarified by centrifuga-
tion at 25,000g (0°C) for 1 hour. After
removal of the lipid layer, the super-
natant was applied directly to a Sepha-
dex G-75 column. Subsequent proce-
dures were as described (4). The puri-
fied product was dialyzed against 0.1M
phosphate buffer, pH 6.2, and kept in
small vials at —70°C to prevent the
precipitation noted on storage at 4°C.

To precipitate serum glycoproteins,
7 to 8 mg of concanavalin A were
added to 1 ml of serum, and the mix-
ture was incubated at 37°C for 1 hour.
The flocculent precipitate was centri-
fuged at 4°C and then washed three
times with cold saline. Overnight in-
cubation at 4°C prior to centrifugation
gave only slightly increased yields of
glycoproteins. The washed concanaval-
in-glycoprotein complexes were disso-
ciated at 37°C with 1 ml of saline con-
taining 0.5M methyl a-D-glucoside.

Immunoelectrophoretic and immuno-
diffusion tests on the dissociated ma-
terial were performed in agarose gels
which contained 0.25M methyl «-D-glu-
coside to prevent recombination of con-
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canavalin A with glycoproteins. Com-
ponents in the dissociated precipitate,
confirmed by immunodiffusion tests
with specific antiserums or by specific
biological activities, were IgM, IgA, a;-
antitrypsin, as.-macroglobulin, transfer-
rin, B,-lipoprotein, B.-glycoprotein, hap-
toglobin, ceruloplasmin, group-specific
components, the serum inhibitor of C’l
esterase (5) and all the components of
complement.

Although, by immunoelectrophoresis,
no IgG was observed in the dissociated
precipitate, both immunodiffusion and
Gm typing (6) showed that a small
amount (<5 percent) of IgG had pre-
cipitated with the concanavalin A.
These data may be attributed to (i) the
known heterogeneity of immunoglob-
ulin carbohydrate (7) or (ii) differ-
ences in availability of IgG carbohy-
drate for reaction with concanavalian A
as a result of conformational differences
in IgG molecules with different amino
acid sequences. Since homogeneous IgG
of both reactive and nonreactive types
would facilitate testing of these hypo-
theses, 42 IgG myeloma serums were
examined for reactivity with concana-
valin A (8). Precipitation, washing,
and dissociation were performed as al-

Fig. 1. Immunoelectrophoresis of precipi-
table (top) and nonprecipitable (bottom)
fractions obtained from reaction of con-
canavalin A with serum of a patient with
IgG myeloma of heavy-chain subtype +s.
Both fractions are diluted 1 to 3 with re-
spect to original serum. The antiserum is
horse antiserum to human IgG.

ready described, except that 10, 30, or
60 mg of concanavalin A were added
per milliliter of each serum.

Precipitable and nonprecipitable
fractions were analyzed electrophoret-
ically. Depending on the IgG myeloma
serum, the quantity of IgG precip-
itated by concanavalin A varied from
approximately 50 percent to mere traces
of the total present. Immunoelectro-
phoretic patterns of the most reactive,
an IgG myeloma serum of heavy-chain
subtype y3, are shown in Fig. 1. Our
limited data do not yet permit correla-
tion of heavy-chain subtype with reac-
tivity towards concanavalin A. In all
reactive serums, the dissociated mye-
loma protein showed the same elec-
trophoretic mobility as the myeloma
protein of the original serum. In-
creasing the ratio of concanavalin to
serum above 30 mg/ml did not signifi-
cantly increase the amount of myeloma
protein precipitated. If one accepts the
theory that monoclonal myeloma pro-
tein in an individual serum is homo-
geneous with respect to amino acid
sequence, then all molecules of mye-
loma protein have the same range of
conformational possibilities in equilib-
rium. Carbohydrate chains attached
to these molecules should show similar
reactivity with concanavalin A provided
that the carbohydrate chains are identi-
cal and are attached at the same posi-
tion in the peptide chain. The partial
precipitation of IgG myeloma proteins
by concanavalin A, demonstrates exist-
ence of some type of heterogeneity of
each IgG myeloma carbohydrate. The
data further suggest that a given se-
quence of amino acids either does not
uniquely determine the structure, or
does not uniquely determine the loca-
tion, of the carbohydrate attached to
the peptide chain. These findings ex-
tend, by entirely different techniques,
those reported of carbohydrate hetero-
geneity in an IgA myeloma globulin
).

Despite the observation that small
amounts of IgG are precipitated by con-
canavalin A, the preparation of IgM is
greatly facilitated by a preliminary
precipitation of the serum with concan-
avalin A. The chromatographic behav-
ior of concanavalin A makes it readily
separable from IgM and from most
other serum glycoproteins. When the
dissociated mixture of concanavalian A
and glycoproteins is applied to diethyl-
aminoethyl Sephadex at ionic strength
above 0.02, in tris buffer at pH 8.0, the
concanavalian A is not bound. A com-
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petitive inhibitor of concanavalin A
such as 0.2M methyl ¢-bD-glucoside must
be added to block recombination of
concanavalin A with serum glycopro-
teins in the column.
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Hormone-Dependent Differentiation
of Immature Mouse
Mammary Gland in vitro

Abstract. Explants from the mam-
mary glands of 3-week-old mice can
be induced to synthesize casein in vitro
in the absence of lobuloalveolar devel-
opment. Maximum biochemical differ-
entiation requires the presence of in-
sulin, hydrocortisone, and prolactin in
the culture medium. In contrast to ex-
plants from adult mice, the mammary
epithelium of immature animals under-
goes DNA synthesis and mitosis in
vitro in the absence of exogenous insu-
lin; however, such proliferation does not
lead to the formation of differentiated
daughter cells. Insulin acts in at least
two ways during the proliferative
phases of the cell cycle of differentiat-
ing mammary epithelial cells.

Mammary gland epithelial cells in
explants derived from pregnant or non-
pregnant mature mice proliferate, as-
sume a secretory appearance, and be-
gin to synthesize certain milk proteins
when cultured in the presence of in-
sulin, hydrocortisone, and prolactin
(1—4). This functional differentiation of
the epithelial cells has been found to
be necessarily coupled to their prolifera-
tion (5-7). Synthesis of DNA and sub-
sequent cell division require only in-
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sulin; however, proliferation does not
lead to differentiation unless hydrocorti-
sone and prolactin are present in the
culture medium. The sequence of ac-
tion of the hormones in relation to the
cell cycle in explants of mammary gland
from pregnant mice has been described
().

Although the relationships between
hormone-dependent proliferation and
differentiation have been characterized
in the mature gland, the biochemical
behavior of the immature gland in
vitro has been less clear. We examined
the capacity of the immature tissue to
differentiate in vitro and compared the
requirements for and responses to the
hormones with those of the mature
tissue.

Although the onset of “maturity” is
variable, 21-day-old female weanling
mice of the C3H/HeN strain are
termed immature in our report. The
glands of the 21-day-old mouse con-
sist principally of branching ducts sev-
eral cell layers thick with terminal
buds. No alveoli are seen in serial sec-
tions, nor have any been seen in whole
mounts in other laboratories (9).

Mammary epithelial cells in imma-
ture animals proliferate into the mam-
mary fat; yet, as the animal matures,
proliferation virtually ceases and does
not resume until pregnancy. We con-
firmed this by injecting thymidine-H3
(1 pc per gram of body weight) in-
traperitoneally and preparing autora-
diographs of the mammary gland 24
hours later. Only about 1.5 percent of
the epithelial cells from 3-month-old
mice were labeled, whereas 18 per-
cent of the epithelial cells from 3-
week-old animals were labeled. It is
unlikely that the results reflect a
difference in pool size, because almost
all the labeled nuclei had approxi-
mately 35 to 40 grains.

Synthesis of DNA in vitro by mam-
mary epithelial cells from mature mice
is completely dependent on the pres-
ence of insulin in the culture medium
(5-7). In contrast, our studies indicate
that DNA synthesis in vitro by mam-
mary gland explants derived from im-
mature mice [as reflected by the
amount of thymidine-H3 incorporated
during 4-hour periods as previously de-
scribed (5)] is quantitatively independ-
ent of the addition of insulin. Since
these explants contain large numbers of
fibroblasts whose DNA synthesis is in-
sulin-independent, data on total incor-
poration of thymidine-H3 must be in-
terpreted with caution. To determine

whether such incorporation of thymi-
dine-H3 into DNA reflected epithelial
cell activity, we made autoradiographs
of explants exposed to thymidine-H3
(1 pc/ml) for 72 hours. Similar ex-
plants were cultured in the presence of
colchicine (0.05 ug/ml) for 72 hours
and were examined for mitotic activ-
ity.

The duct epithelium, especially the
epithelium of smaller terminal branches,
was heavily labeled, and mitotic figures
were numerous in either the presence
or absence of insulin in the cultures.
In explants cultured without the addi-
tion of hormones, 12 percent of the
cells were in metaphase (5000 epithelial
cells counted); in those cultured in the
presence of insulin, 9 percent were in
metaphase (5000  epithelial  cells
counted); and in those cultured in the
presence of hydrocortisone and prolac-
tin, 11.5 percent were in metaphase
(1000 epithelial cells counted). In con-
trast to tissue from mature mice (5-7)
then, proliferation of mammary epithe-
lial cells from immature animals oc-
curs in vitro in the absence of exog-
enous insulin. However, proliferation
in the absence of exogenous insulin
does not lead to functional differentia-
tion.

Figure 1 shows that explants of mam-
mary glands of immature mice can be
induced to synthesize the major casein
components when cultured in the pres-
ence of insulin, hydrocortisone, and
prolactin. During the first 24 hours,
the synthesis of casein bands 2, 3,
and 4 is virtually undetectable, but by
the 4th or 5th day these proteins are
synthesized at greatly accelerated rates
in ratios similar to those observed in
tissue from mature animals (10). Casein
band 1, a more heavily phosphorylated
component (/7), is present from the
start and is least affected by culture.
This component persists longest in ma-
ture tissue cultured in incomplete hor-
mone systems (10).

Figure 2 shows patterns of casein
production during the 5th day of cul-
ture in several media. The full differ-
entiative response is elicited only when
the three hormones are present. Of
the incomplete systems, only those con-
taining insulin are even partially ef-
fective, and insulin alone is as effective
as it is in combination with hydrocorti-
sone or prolactin. In the absence of
insulin, not even band 1 is sythe-
sized.

The hydrocortisone-prolactin system
(Fig. 2), in which proliferation occurs
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