Fig. 3. Lymphoblasts (4) and prolympho-
cytes (B) in peripheral blood of a leu-
kemic owl monkey. Wrights stain; X 500.

keys by H. saimiri and demonstrates,
for the first time, development of lym-
phocytic leukemia in this species in
association with malignant lymphoma.
Further, malignant lymphoma was in-
duced by virus given subcutaneously
and intravenously, as two animals
(Nos. 621-69 and 632-69) died prior
to reinoculation. The intradermal route
was also probably effective; animal No.
636-69 died with malignant lymphoma
1 week after the intramuscular rein-
oculation, and it seemed unlikely that
the disease developed in 1 week. It
appeared unlikely, also, that immunity
developed in the six animals surviving
the first inoculation, as four died of
malignant lymphoma after reinocula-
tion. Two (Nos. 622-69 and 636-69)
no doubt had the disease prior to re-
inoculation, because one was then leu-
kemic, and both died 1 week after
reinoculation. The other two did not
die of malignant lymphoma until 6
weeks (No. 638-69) and 13 weeks
(No. 639-69) after reinoculation.
The incidence of malignant lym-
phoma in this study was 50 percent as
compared with 100 percent of all owl
monkeys inoculated with H. saimiri
in earlier studies (2—4). The course of
the disease extended to 36 weeks in the
present study, whereas in previous
studies no animal survived longer than
4 weeks, even when the viral inoculum
was 100 times more dilute. It is diffi-
cult (if not impossible) to explain the
lower incidence and longer course de-
spite the use of an undiluted viral in-
oculum. Variation in virus virulence
must be considered, but there has been
no in vitro evidence of it thus far. A
more likely explanation is variation in
the host, since, with few exceptions,
New World monkeys available for re-
search are poorly defined. Genetic
variability, age, indigenous viruses,
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parasitic diseases, and other factors
might influence the pathogenicity of
H. saimiri.

Six animals, four dying prior to re-
inoculation and two killed 13 weeks
after the second injection of H. saimiri,
did not have lesions indicative of ma-
lignant lymphoma. Lymphocytic hyper-
plasia of lymph nodes and increase in
lymphocytes in hepatic sinusoids were
observed in three animals (Nos. 630-
69, 633-69, and 629-69), but a possi-
ble relation of these changes to virus
inoculation can only be speculative.
The cause of death of the four animals
was not ascertained. If related to H.
saimiri, the result would suggest that
the virus can induce a disease other
than malignant lymphoma. However,
lack of evidence of disease suggests
that infection was not established. De-
velopment of leukemia in owl monkeys
inoculated with H. saimiri and exten-
sion of the course of disease to 70 days
are of particular significance and im-
portance as an indication of possible
usefulness of the lymphoma as a model

for studying chemotherapeutic proce-
dures. Further, this leukemia induced
by a herpesvirus in nonhuman primates
may provide a convenient virus-host
system for study of similar conditions
of man,
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Immunoglobulin M and Secretory Immunoglobulin A: Presence of
a Common Polypeptide Chain Different from Light Chains

Abstract. Unique polypeptide chains have been isolated from S-sulfonated
light-chain fractions of human serum immunoglobulin M and colostral immuno-
globulin A. Their electrophoretic mobilities, molecular weights, peptide maps,
amino acid compositions, and antigenic determinants are very similar or perhaps
identical but differ from those of light chains and secretory piece.

External secretions of man contain
immunoglobulin A (IgA) which, in
contrast to serum IgA, has a higher
molecular weight and is associated with
another polypeptide chain. The poly-
peptide, termed the secretory piece (SP),

has also been found free in secretions.
These considerations have been re-
viewed by Tomasi and Bienenstock (7).

After disruption of disulfide bonds,
the secretory IgA (S-IgA) molecule
dissociates into heavy (H) and light (L)

Fig. 1. Disc-electrophoretic (A) and immunoelectrophoretic (B) patterns of S-IgA and
IgM subunits. (1) L-chain fraction of S-IgA; (2) L-chain fraction of IgM; (3) L-chain
fraction of IgM with J chain removed; (4) J chain from S-IgA; (5) J chain from
IgM; (6) L-chain fraction of IgG; (7) L-chain fraction of serum IgA (7S); (8) whole
colostrum diluted 1 :2; (9) SP-enriched fraction of colostrum; (10) L-chain fraction
of S-Iga with J.chain removed. Antiserums: (a) to L chain; (b) to J chain; (c) to SP.
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Fig. 2. Peptide maps of S-IgA and IgM subunits. (1) J chain from IgM. The peptide
map of J chain from S-IgA was identical. Shaded: Histidine- and tyrosine-containing
peptides detected by use of Pauly’s reagent; (2) L-chain fraction of IgM without J
chain (x type, Waldenstrom’s macroglobulinemia); (3) L-chain fraction of S-IgA
without J chain, The main peptides of the L-chain fraction of IgG were identical. G, V,
Y: colors gray, violet, and yellow, after ninhydrin staining.

chains, as well as a fast-moving protein
detectable in the L-chain fraction by
alkaline electrophoresis in urea. The
fast-moving protein has been found in
human (2) and rabbit (3) colostrum
IgA; it was assumed that this material
was SP (3). Evidence has been pre-
sented recently that rabbit colostrum IgA
contains a unique polypeptide chain,
called J, in addition to SP (4).

While examining immunoglobulin M
(IgM) that had been isolated from
serums of patients with Waldenstrom’s
macroglobulinemia, we observed in the
L-chain fraction a protein identical in
electrophoretic mobility with the fast-
moving protein from S-IgA (Fig. 1A).
We studied the occurrence, composi-
tion, and immunochemistry of this fast-
moving protein. We refer to it as J

chain on the basis of its analogy with
the fast-moving polypeptide from rab-
bit S-IgA (4).

Human S-IgA, serum IgG, IgA (75),
and Waldenstrom’s IgM were purified
(5) and subjected to oxidative sulfi-
tolysis (6), with subsequent separation
of H and L chains on Sephadex G-200
in 5M guanidine hydrochloride. When
L-chain fractions were examined by
polyacrylamide disc electrophoresis in
10M urea, pH 9.4 (7), J chains were
observed in those from S-IgA and IgM
but not in fractions of the other two
serum immunoglobulins.

To isolate J, the L-chain fractions of
S-IgA and IgM were chromatographed
on diethylaminoethyl (DEAE)-Sephadex
with 8M urea (8). Two peaks were
observed; the first, larger fraction con-

Table 1. Amino acid compositions of J chains, L chains, and secretory piece. Analyses were
performed on a Beckman 120 C amino acid analyzer. All values represent the average of two
or more analyses. The calculations do not include tryptophan. Values are expressed as residues
per thousand to allow comparison of the relative compositions of chains which vary in molecu-

lar weight.
J chains L chains Secretory piece*
Amino acid

IgA IeM IgA IgM IgA
Aspartic 150.8 160.5 84.0 81.0 63.0
Threonine 7.7 87.6 83.3 89.6F 75.5
Serine 47.5 52.5 111.7 122.6% 100.8
Glutamic 113.9 109.2 111.6 118.7 61.3
Proline 73.0 71.7 73.5 56.7 64.8
Glycine 22.0 21.0 67.4 66.3 254.0
Alanine 48.9 47.7 70.3 71.2 76.5
Cysteinet 51.2 50.6 26.9 253 22.2
Valine 76.4 79.6 76.7 70.1 66.4
Methionine 9.7 72 6.0 5.2 10.2
Isoleucine 68.0 65.2 36.6 ’ 334 17.7
Leucine 68.6 64.2 79.2 79.6 70.0
Tyrosine 46.5 44.8 4.2 372 23.4
Phenylalanine 11.9 9.8 30.2 38.1 30.5
Lysine 48.6 41.3 56.7 46.3 29.8
Histidine 10.3 8.3 14.9 11.0 9.7
Arginine 74.9 78.7 28.7 41.5 24.4

* Recalculated from the data of Tomasi and Bienenstock (7).
¥ Calculated as cysteic acid after performic acid oxidation (14).

to acid hydrolysis.
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T Values corrected for losses due

tained immunochemically and electro-
phoretically pure L chains; the second,
smaller fraction contained the J chain.
Disc electrophoresis (7) of highly con-
centrated J chains demonstrated no de-
tectable contamination by L chains. The
yield was 8 and 4 mg from 100 mg of
L chains of S-IgA and IgM, respec-
tively.

The approximate molecular weight
of the J chain was suggested by its
elution with the L-chain fraction from
gel filtration through Sephadex G-200.
From polyacrylamide electrophoresis in
sodium dodecylsulfate (9), the molecu-
lar weight of J chain was estimated to
be 26,000.

Amino acid analysis indicated that the
compositions of J chains from S-IgA
and IgM were either very similar or
perhaps identical but were strikingly
different from those of the L chains of
S-IgA or IgM (Table 1). Of particular
interest was the occurrence of approxi-
mately twice as many cysteine residues
per thousand residues as were found in
L chains. The high content of aspartic
acid is consistent with the anionic be-
havior of J chains on electrophoresis.

Peptide maps stained with ninhydrin
or Pauly’s reagent (/0) (Fig. 2) re-
vealed complete identity of J chains
from S-IgA and serum IgM. Yet, the
peptide maps of J chains were quite
different from peptide maps of H
chains, L chains from IgG, and L
chains from S-IgA and IgM after re-
moval of J chain by DEAE chroma-
tography.

By immunoelectrophoresis (/7) (Fig.
1B), J chains from S-IgA and IgM were
not distinguishable; one antiserum, pro-
duced against S-IgA—derived J chain,
precipitated with both antigens, and
both had the same electrophoretic
mobility. L chains, SP, and J chains, be-
sides differing in electrophoretic mobil-
ity, precipitated exclusively with their
homologous antisera; they did not share
any common antigenic determinants.

Thus, the human J chain may be
defined as a polypeptide chain of a
molecular weight of about 26,000. It
displays a fast electrophoretic mobility
that is probably due to a relatively high
proportion of acidic amino acids. A
distinguishing feature is the high con-
tent of cysteine. The J chain is attached
to IgM in the particular preparations
we examined and to S-IgA but not to
78 1gG or IgA molecules. It occurs in
a most probable ratio of one chain per
immunoglobulin molecule and is re-
leased only after disruption of disulfide
bonds (72).
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An analogy with the rabbit T chain
(3) and J chain (4) is suggested by
the criteria of electrophoretic mobility,
molecular weight, and occurrence in
S-IgA; but other characteristics were
not determined.

The properties of J chain do not
match those of human SP. The latter
has a molecular weight of at least
76,000 either free in colostrum or iso-
lated from S-IgA (I3) and displays
amino acid composition (Table 1), elec-
trophoretic mobility, and antigenic de-
terminants which differ distinctly from
those of the J chain (Fig. 1B). If SP
were composed of two or more J
chains, the relative proportions of
amino acids should agree. Also, in-
creasingly severe conditions for splitting
and dissociation should increase the
yield of J chains at the expense of SP.
This we did not observe (12); SP was
not present in IgM.

Since J and L chains resemble each
other in ranges of molecular weights
only, there are no grounds for assum-
ing that they are related.

The apparent identity of J chains
from S-IgA and IgM is interesting in
view of their presence in two classes
of immunoglobulins, in two body fluids,
and in two states of health. The attri-
bute unifying the two immunoglobulins
is their polymeric configuration. It may
be permissible to speculate that the J
chain with its unusually high cysteine
content may aid in maintaining the
tertiary structure of the polymeric im-
munoglobulin molecule.
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Stimulation in vitro with Protein Carrier of

Antibodies against a Hapten

Abstract. Rabbits were immunized both with lysozyme and with dinitrophenyl-
ated bovine serum albumin. No antibodies against the dinitrophenyl hapten were
produced when cell suspensions of their spleens were exposed in vitro to dinitro-
phenyl-ovalbumin, whereas a positive response was obtained with dinitrophenyl-
lysozyme. Moreover, when spleen cells from rabbits previously immunized with
dinitrophenyl-bovine serum albumin were exposed in vitro to bovine serum
albumin alone, they produced antibodies against the dinitrophenyl hapten.

In studies of haptenated proteins no
secondary response can be obtained
with a conjugate of the hapten to an
unrelated protein (I, 2). A secondary
response to the hapten may be obtained
when mixtures of cells derived from

animals immunized with the initial hap-
tenated protein and other animals im-
munized with a second protein alone
were used (I, 3). Moreover, preliminary
immunization with the hapten conju-
gate of one protein, followed by a sec-

Table 1. The effect of different protein carriers on the anamnestic immune response toward
the dinitrophenyl (DNP) group. The immune response was tested by [*Clthymidine incorpora-
tion and by inactivation of dinitrophenylated bacteriophage T4. Spleen cell suspensions from
individual rabbits were cultured on day 0 in the absence (control) or presence of antigen
whose concentration varied from 1 to 100 ug per culture tube. After 24 hours the cells were
exhaustively washed and then resuspended in M 199 medium supplemented with 20 percent
normal rabbit serum. On days 2, 4, 6, and 8 the medium of cell cultures was changed.

Spleen cells exposed in vitro

Rabbits Experi- H .
Group immunized ments to DNP conjugated with
with (No.) BSA Ovalbumin Lysozyme BSA
1 ., DNP-BSA ) 5 4% — — +
2 Lysozyme DNP-BSA 2 + — + +
3 DNP-BSA lysozyme 5 + — + +

* Positive (4) and negative (—) symbols represent the presence and the absence of a significant
(at least tenfold) difference between antigen-stimulated culture and nonstimulated cultures, in terms
of both the rate of DNA synthesis (as measured on day 2) and titer of antibodies against the
dinitrophenyl hapten (as measured on days 6 and 8).
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