(Z)-11-Octadecenoate was also abun-
dant in the sex pheromone gland of T. ni,
and chain-shortened products of this can
account for an additional 10 percent of
the sex pheromone components known
for the Noctuidae (/). In a preliminary
experiment with Xestia dolosa, in which
(Z2)-7-tetradecenyl acetate is the princi-
pal sex pheromone component, we have
observed that large quantities of the ex-
pected precursors (Z)-11-octadecenoate
and (Z)-9-hexadecenoate are present
[but (Z)-11-hexadecenoate is absent]. In
Argyrotaenia velutinana (Tortricidae), in
which the principal sex pheromone com-
ponents are (Z)- and (E)-11-tetradecenyl
acetates, we found earlier that hexadec-
anoate is chain-shortened to tetradeca-
noate and that this is desaturated to
produce (Z)- and (E)-11-tetradecenoates
(16). The (Z)- and (E)-9-dodecenyl moi-
eties are also common as sex pheromone
components in many other species in the
Tortricidae (/), and these may arise as
chain-shortened products of (Z)- and (E)-
11-tetradecenoates. The small propor-
tion of (Z)-13-octadecenoate found in the
gland of T. ni may represent a chain-
elongated product of (Z)-11-hexadece-
noate. Combinations of (Z)-11-hexadec-
enyl and (Z)-13-octadecenyl moieties
are common in seXx pheromone blends of
many species in the Pyralidae (/). The
sex pheromone compositions of all these
families, together with our present re-
sults, indicate that chain-shortening or
chain-elongation systems, in conjunction
with delta-11 desaturases that react with
18-, 16-, or 14-carbon chain fatty acyl
groups, may be involved in the biosyn-
thesis of many of the known lepidopter-
an sex pheromone components.

L. B. BjostaD
W. L. ROELOFS
Department of Entomology,
New York State Agricultural
Experiment Station, Geneva 14456
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Suppressor T Cell Action Inhibits the Expression of an

Excluded Immunoglobulin Gene

Abstract. Cells of the murine plasmacytoid line MOPC-315 synthesize two distinct
immunoglobulin light chains: a normal N protein, which is incorporated into
secretory and surface-bound immunoglobulin, and a truncated, nonfunctional \;
protein found only in the cytoplasm. Idiotype-specific suppressor T lymphocytes
selectively inhibit the expression of both \y- and \j-specific messenger RNA by
MOPC-315 cells. This finding demonstrates that phenotypically excluded light chain
genes can be subject to immunoregulatory control and suggests that the expression
of divergent \ isotypes may be coordinately regulated in immunoglobulin-secreting

cells.

Immunoglobulin light chain proteins of
the mouse occur in four isotypic varie-
ties, designated k, Aj, Aj1, and Ay, each
characterized by a specific amino acid
sequence of the constant (C)-region do-
main (/). Each of the four C-region iso-
types is encoded by a corresponding C-
region gene, present as a pair of alleles in
the normal diploid genome. Individual
lymphoid cells, however, selectively ex-
press only one of these eight available C
genes as functional protein; the light
chain secreted or displayed as surface-
bound immunoglobulin by a given clone
is of a single isotype and is exclusively
derived from either the maternal or the
paternal C-region allele. The remaining
allelic and isotypic C genes are said to be
excluded.

Molecular analysis of the structure
and ontogeny of immunoglobulin genes
has begun to clarify the mechanisms by
which lymphoid cells select a single C-
region gene for expression (2). The for-

mation of an active light chain gene
requires specific DNA rearrangements
that occur at an early stage in commit-
ment to the B lymphocyte lineage (3).
These rearrangements bring together
separate genetic elements that encode
the variable and C-region domains and
align these elements in a precise manner
for transcription and subsequent transla-
tion. While rearrangements of this type
provide the major source of sequence
diversity among immunoglobulin pro-
teins, they are not without genetic risk.
Aberrant rearrangements are common
(4) and can result either in deletion of the
affected locus or in the formation of a
structurally anomalous gene. Such aber-
rantly rearranged genes may be tran-
scriptionally silent or may be capable of
rudimentary expression, giving rise to
inactive transcripts or to transcripts that
specify a nonfunctional light chain. One
currently held view (5, 6) is that the
differentiating lymphocyte rearranges its
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light chain C genes one at a time, in a
process of genetic trial and error, until a
successful rearrangement gives rise to a
functional light chain protein. Further
rearrangements then cease, and the cell
and its progeny are committed to the
overt expression of this particular light
chain gene. The remaining C genes,
whether deleted, aberrantly rearranged,
or retaining the germ-line configuration,
are phenotypically excluded.

In myeloma cells, immunoglobulin
synthesis can be suppressed by T lym-
phocytes directed against the variable
region (idiotype) of the secreted
immunoglobulin. We have investigated
this phenomenon in the BALB/c mouse

plasmacytoma MOPC-315. This clonal
cell line secretes an immunoglobulin
(M315) composed only of o heavy chains
and A\ light chains but has also been
found to contain substantial quantities of
Ar-specific messenger RNA (mRNA) en-
coding a truncated, nonfunctional \;
light chain (7). Because the \| gene prod-
uct has no apparent immunologic func-
tion in MOPC-315 cells, we sought to
determine whether the expression of \;
mRNA in these cells is affected by im-
munoregulatory stimuli. We report that
idiotype-specific suppressor T lympho-
cytes, which selectively block the
expression of the M315 Ay light chain
and its corresponding mRNA, simulta-

Table 1. Inhibition of immunoglobulin secretion in MOPC-315 plasmacytoma cells by idiotype-
specific suppressor T lymphocytes. T cells were prepared from the spleens of 100 to 150
BALB/c mice per group. Conditions for culture of MOPC-315 alone and in coculture with T
lymphocytes have been described (8). For membrane-segregated culture, 2.5 x 10° plasmacy-
toma cells were enclosed in a Spectra/Por 6 dmlysns bag (molecular weight cutoff 50,000) and
immersed in the T cell suspensnon in a 75-cm? tissue culture flask. Although the suppressor T
cells are not cytostatic in themselves (8), net viable MOPC-315 cell concentration increased by
not more than 50 percent during the incubation period, probably as a result of the high initial cell
density used in these studies. No net proliferation of the T cell populations occurred.

Ratio of MOPC-315 Secretory
Culture conditions T cell source T cells to cell via- activity

MOPC-315 bility (%)* (% PFC)t
MOPC-315 alone None 0 93 38
Coculture Nonimmune 40:1 89 35
M315-immune 40:1 86 1
Membrane-segregated Nonimmune 100:1 78 36
M315-immune 100:1 76 6

*Assayed by dye exclusion.
described (10).

tPlaque-forming cells as percentage of viable MOPC-315 cells, assayed as

Fig. 1. Idiotype-specific suppression inhibits Loiesad
the expression of immunoglobulin light chain

mRNA. MOPC-315 cells incubated for 48

hours in the presence of control or suppressor

T lymphocytes were washed, pelleted, and g

lysed by suspension in a solution containing ; §

SM guanidinium thiocyanate, 0.5 percent N- 12kb = um @B -
lauroylsarcosinate, 50 mM tris, pH 7.5, and 75 1.0 kb == b - -
mM 2-mercaptoethanol. RNA was isolatedby o, ... . _ | _ o _ o |_ 4

sedimentation through 6M CsCl (17), and en- AL 38 a
riched for poly(A) sequences by two succes-

sive passes over an oligo-deoxythymidilate affinity column. Samples containing 3 ug of poly(A)
RNA were denatured by heating to 65°C for 5 minutes in the presence of 50 percent (weight to
volume) formamide and 6 percent formaldehyde, then applied to slab gels containing 6 percent
formaldehyde and 1.2 percent agarose (18). After electrophoresis at 100 V for 10 hours, the
RNA was transferred to nitrocellulose, fixed, and probed with specific labeled DNA restriction
fragments (/9). The \; and Aj; probes were isolated by combined Pvu II-Xho I or Pst I-Ava I
digestion, respectively, of cloned chimeric plasmids (7). Each fragment was 250 to 300 base
pairs in length and comprised only constant region coding sequences. As noted by others (7,
12), the Ay and Ay probes are each specific for the corresponding isotypic RNA and do not cross-
react detectably under the hybridization conditions we used. Cell samples incubated under
coculture conditions were partially enriched for MOPC-315 cells by brief low-speed centrifuga-
tion before RNA isolation. Because the T cell samples contained few contaminating B cells, of
which only a small subpopulation expresses « or A mRNA, it is unlikely that the T cell
population contributed significant quantmes of the RNA species detected here. RNA was
isolated from MOPC-315 cells grown in coculture with control T cells (lanes 1 and 5), in
coculture with suppressor T cells (lanes 2 and 6), in membrane-segregated culture with control
T cells (lanes 3, 7, and 9), and in membrane-segregated culture with suppressor T cells (lanes 4,
8, and 10). Autoradiographic exposure times were 4 hours for A;; and 12 hours for A;, with
probes of equal specific radioactivity. The total RNA content of suppressed MOPC-315 cells
was approximately 20 percent less than that of the controls; this disparity may account for the
slightly higher relative concentration of heavy chain transcripts in RNA from suppressed cells
n.
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neously inhibit the expression of RNA
derived from the excluded \; gene.

Immunization of syngeneic BALB/c
mice with M315 protein results in the
generation of Lyt-172* suppressor T
cells directed against the M315 idiotype
(8-10). These cells bear surface mem-
brane binding sites specific for M315 and
release soluble factors that reversibly
inhibit the biosynthesis and secretion of
both a and \j proteins by MOPC-315
cells. This suppressive action does not
affect rates of MOPC-315 cell prolifera-
tion or of nonimmunoglobulin protein
synthesis, does not require participation
of accessory cells (for example, macro-
phages), and does not affect the secre-
tory activity of closely related plasmacy-
toma lines lacking the M315 idiotype.
The physical and biochemical properties
of the suppressive factors are unknown.

BALB/c mice were immunized with
purified M315 protein (9). Spleen cells
were harvested aseptically, suspended
briefly in hypotonic ammonium chloride
to lyse contaminating erythrocytes, and
applied to a column of nylon wool; the
nonadherent (T cell) population was col-
lected and used as a source of suppressor
cells without further treatment. Control
T cells were isolated by the same method
from the spleens of unimmunized mice.
Such cell preparations typically con-
tained > 90 percent T lymphocytes, as
assayed by susceptibility to cytolysis
with antiserum to 6 and complement.

Plasmacytoma cells from a culture-
adapted line of MOPC-315 were grown
for 48 hours in the presence of T cells
from M315-immune or control mice.
These incubations were carried out un-
der two sets of conditions (Table 1). In
the first, MOPC-315 cells were combined
in direct coculture with a 40-fold numeri-
cal excess of T cells. Alternatively, the
MOPC-315 cell suspension was physical-
ly separated from the T cell population
by a porous membrane that prevented
direct cell-to-cell contact while permit-
ting the exchange of diffusible chemical
mediators having molecular weights of
up to 50,000.

At the end of the 48-hour incubation
period, the extent of suppression of
M315 secretion was determined by an
indirect Jerne hemolytic plaque assay
specific for M315 (/0). When grown in
the absence of T cells, virtually 100
percent of cells in the cloned MOPC-315
line synthesize immunoglobulin protein
(8), but only 38 percent secrete sufficient
quantities of immunoglobulin to be de-
tectable as plaque-forming cells in this
assay. A similar proportion of secretory
cells (35 percent) was detected in
MOPC-315 populations exposed to con-
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trol T lymphocytes. In contrast, only 1
percent of plasmacytes grown in cocul-
ture with M315-immune T cells showed
detectable secretory activity, a 97 per-
cent inhibition of secretion relative to the
control. Similarly, under membrane-seg-
regated culture conditions, T cells from
M315-immune mice inhibited M315 se-
cretory activity by 83 percent relative to
the control. The specificity of this sup-
pressor activity for the M315 idiotype
was demonstrated earlier (8). As in the
earlier studies (8), there were only mini-
mal differences in viability between
MOPC-315 cells exposed to M315-im-
mune or control T cell preparations un-
der a given set of culture conditions.
To determine the levels of immuno-
globulin mRNA underlying these differ-
ences in immunoglobulin secretion,
polyadenylated [poly(A)] RNA was iso-
lated from MOPC-315 cells in each
group, subjected to agarose gel electro-
phoresis under denaturing conditions,
transferred to nitrocellulose membranes,
and probed for RN A sequences comple-
mentary to specific cloned DNA frag-
ments. When poly(A) RNA from MOPC-
315 cells cocultured with control T cells
was hybridized to a labeled probe specif-
ic for the \;; C-region coding sequence,
autoradiography revealed a single \j;
transcript 1.2 kilobases (kb) in length,
representing mature-sized \;y mRNA (7)
(lane 1 in Fig. 1). Exposure to suppressor
T cells drastically reduced the concen-
tration of this Ay transcript (lane 2).
Densitometric analysis of such autora-
diograms indicated that the concentra-
tion of A\ transcripts in suppressed cells
was clearly less than 10 percent of the
control value; however, the image densi-
ty of the A\ band in RNA from sup-
pressed cells was too low for more pre-
cise quantification. Similar results were
observed in membrane-segregated cul-
tures (lanes 3 and 4), although the inhibi-
tion of A;; mRNA expression (like the
inhibition of M315 secretion) was less
complete than in direct coculture.
Analysis of these same RNA prepara-
tions with a hybridization probe specific
for the N\; C region (lanes 5 to 8) also
revealed a single complementary spe-
cies. Because a large portion of the cod-
ing sequence for the variable region is
absent from this anomalous \; transcript
(7), it was easily distinguished from \j;
mRNA by its smaller size (1.0 kb).
Changes in the concentration of the \;
transcript precisely paralleled those ob-
served for A\;y mRNA; exposure to either
suppressor T cells or soluble suppressor
factors resulted in a marked decline in
the concentration of RNA derived from
the excluded A; gene. In contrast, the
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concentration of o heavy chain mRNA in
these cells was not significantly de-
creased by suppressor T cell action
(lanes 9 and 10), implying that the inhibi-
tion of light chain RNA expression is
relatively selective and is not merely a
result of nonspecific RNA degradation.
The persistently high levels of a chain
mRNA are surprising in view of the
absence of heavy chain protein synthesis
in suppressed MOPC-315 cells and sug-
gest that heavy and light chain expres-
sion may be inhibited through fundamen-
tally different mechanisms. The regula-
tion of heavy chain synthesis during idio-
type-specific  suppression has been
examined (/7).

Our studies indicate that suppressor T
cell action can selectively inhibit the
expression of light chain mRNA in
immunoglobulin-secreting cells. To pro-
duce such an effect, the suppressive fac-
tors must either decrease the rate of
synthesis of light chain-specific tran-
scripts or enhance the rate of degrada-
tion of these transcripts in the nucleus or
cytoplasm of the target cell. In addition,
we find that suppressor factors directed
against the idiotype of a secreted
immunoglobulin not only affect the se-
creted light chain, but can simultaneous-
ly block the expression of mRNA repre-
senting a different light chain isotype.
This coordinate regulation occurs de-
spite the finding that the rearranged \;
and \j; genes reside on different chromo-
somes in MOPC-315 (/2) and demon-

" strates that excluded light chain genes

can be subject to immunoregulatory con-
trol.

Our findings can be contrasted with
those of Abbas et al. (I13), who have
studied the effects of suppressor T cell
action on a murine myeloma-myeloma
hybrid line (MOPC-315 x MPC-11) se-
creting both k and A\ light chains. They
report that idiotype-specific suppression
of one light chain isotype has no effect on
secretion of the other. This apparent
discrepancy could be due to anomalous
properties of the hybridoma system. An
alternative interpretation is that, while
the various M isotypes are coordinately
regulated as a group, the control of k
gene expression may be mediated
through an independent mechanism (/4).
In this regard, it may be significant that
the \; and A\ C-region genes show a
considerably higher degree of nucleotide
sequence homology to each other than to
the « locus (/5), reflecting a close evolu-
tionary relationship between the \ genes
(16). The variable region coding ele-
ments of A\; and \j; also exhibit substan-
tial sequence homology; this homology
extends several kilobases upstream from

the coding regions themselves (7, 16).
Coordinate regulation of A; and A\j; gene
expression in MOPC-315 may reflect the
presence of conserved regulatory se-
quences common to both genes:
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