
(2)-ll-Octadecenoate was also abun- Packed GLC columns were 3 percent OV-101 tubes. Compounds were recovered by washing 
(methyl silicone) on 100- to 120-mesh Gas- through each tube with scintillation fluid (0.5 

dant in the sex pheromone gland of T. ni, Chrom Q,  2-m glass column (inside diameter, 4 percent PPO in toluene) into a scintillation vial. 
and chain-shortened products of this can mm) and 10 percent XF-1150 (50 percent cyano- Overall incorporation of I4C into sex pheromone 

ethyl, methyl silicone) on 100- to 120-mesh components and fatty acyl moieties was 2.2 
account for an additional 10 percent of Chromosorb W-AW-DMCS, 2-m glass column percent. 

(inside diameter, 2 mm). 11. Methyl [16-3H](Z)-l 1-hexadecenoate was pre- the sex pheromone components known 7. R .  S. Berger, Atzn. Entomol. Soc. Atn. 59, 767 pared by adding a dimethyl sulfoxide solution of 
for the Noctuidae (1). In a preliminary (1966); L. B. Bjostad, J .  Chem. Ecol. 6,  727 NaB3H4 (Amersham) to methyl [I6-tosyl](Z)-l l- 

(1980); C. E. Linn, Environ. Entotnol. 10, 379 hexadecenoate, and base hydrolysis produced experiment with Xestia dolosa, in which (1981); ;bid,, p. 751, [16-3H](~)-~l-he~adecenoic acid. A 5-bl solu- 
(Z)-7-tetradecenyl acetate is the princi- 8. Precoated TLC plates (Whatman K5, 0.25 mm, tion of 1 kCi of the acid in dimethyl sulfoxide 

20 by 20 cm) were used to sepamte gland was applied to the pheromone glands of 19 
pal sex pheromone component, we have extracts. Plates were developed for 2 cm with a female T ,  ni (1 to 2 days old). Overall incorpo- 
observed that large quantities of the ex- mixture of chloroform, methanol, and water ration of 3H into sex pheromone components 

[62:34:4 (by volume)] to separate ethanolamine and fatty acyl moieties [other than the starting 
pected precursors (Z)- 1 1-octadecenoate phosphatides and choline phosphatides (neutral material (Z)-l 1-hexadecenoate] was 2.0 percent. 

and (2)-9-hexadecenoate are present lipids moved with'the solvent front), then devel- 12. Unsaturated compounds were dissolved in Skel- 
oped for 7.5 cm with a mixture of Skelly B, ly B and added to a solution of ozone in Skelly B 

[but (2)-1 1-hexadecen~ate is absent]. In diethyl ether, and acetic acid (80:20:2) to sepa- in a dry ice-acetone bath. This (0.5 ml) was 
rate diacylglycerols, triacylglycerols, and ace- flushed with N1 IO dispel excess ozone and 

.4rg~~rotaenia velutinana (Tortricidae), in tates, These lipid classes were scraped from the added to a solution of benzylhydroxylam~ne 
which the principal sex pheromone corn- plate, methanolyzed, and acetylated for GLC hydrochloride (0.5 mg) in pyridine (0.5 ml) in a 

analysis. 4-ml vial with a Teflon-lined lid. The tightly 
Ponents are (2)- and (El-1 1-tetradecenyl 9, I ,  F. Jones and R.  S. Berger, Environ. Entomol. capped vial was heated at 100°C for 16 hours. 

7,  668 (1978). The products were separated on OV-101 (61, acetates, we found that 10. A 5 - 4  solution of 1 kc, of sodium [I-I4Clacetate programmed from 100" to 225°C at 6" per minute 
anoate is chain-shortened to tetradeca- (Amersham) in a 1: 1 mixture of water and with a I-minute delay. 
noate and that this is desaturated to dimethyl sulfoxide was applied to the phero- 13. J .  Percy, Carl. J .  Zool. 57, 220 (1979). 

mone glands offive female T. ni(1 to 2 days old). 14. P. B. Lazarow and C. de Duve, Proc. Narl. 
produce (2)- and (E)-1 1-tetradecenoates The glands were held everted by clamping the Acad. Sci. U.S.A. 73, 2043 (1976); P. B. La- 

abdomens with smooth-jawed microalligator zarow, J .  Biol. Chem. 253, 1522 (1978); Arch. (I6). The (2)- and (E)-9-d0decen~l moi- clips. The droplets completely absorbed into the Biochem. Biophys. 206, 342 (1981). 
eties are also common as  sex pheromone gland in about I hour, and the clips were re- 15. P. B. Lazarow, Science 197, 580 (1977); H. 

moved. After 24 hours, the glands were extract- Osmundsen, In!. J .  Biochem. 12, 625 (1980). 
components in many other species in the ed, and the extract was methanolyzed and treat- 16. L. B. Bjostad and W. L. Roelofs, J .  Biol. Chem. 
~ ~ ~ t ~ i ~ i d ~ ~  (I), and these may arise as ed with acetyl chloride (5). The reaction prod- 256, 7936 (1981). 

ucts were separated on XF-1150 at 140°C (6). 
chain-shortened products of (Z)- and (El- Fractions were collected in 30-cm glass capillary 2 December 1982; revised 5 April 1983 

11-tetradecenoates. The small propor- 
tion of (2)-13-octadecenoate found in the 
gland of T. ni may represent a chain- 
elongated product of (2)-11-hexadece- 
noate. Combinations of (2)-1 l-hexadec- 
enyl and (2)-13-octadecenyl moieties 
are common in sex pheromone blends of 
many species in the Pyralidae (1). 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-1 1 desaturases that react with 
IS-, 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. B J O ~ T A D  
W.  L. ROELOFS 

Department of en tor no log^^, 
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 Ail protein, which is incorporated into 
secretory and surface-bound imm~~noglobulin, and a truncated, nonfunctional hi 
protein found only in the cytoplasm. Idiotype-specific suppressor T lymphocytes 
selectively inhibit the expression oj  both hil- and AI-specific messenger R N A  by 
MOPC-315 cells. This3nding demonstrates that phenot~ipically excluded light chain 
genes can be subject to immunoregulatory control and suggests that the expression 
of divergent h lsotypes may be coordinately regulated in immunoglobulin-secreting 
cells. 

Immunoglobulin light chain proteins of 
the mouse occur in four isotypic varie- 
ties, designated K, hl ,  h l l ,  and hill, each 
characterized by a specific amino acid 
sequence of the constant (C)-region do- 
main (1). 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 a t  a time, in a 
process of genetic trial and error, until a 
successful rearrangement gives rise t o  a 
functional light chain protein. Further 
rearrangements then cease, and the cell 
and its progeny are  committed t o  the 
overt expression of this particular light 
chain gene. The remaining C genes, 
whether deleted, aberrantly rearranged, 
o r  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 BALBlc mouse 

plasmacytoma MOPC-315. This clonal 
cell line secretes a n  i~munoglobul in  
(M315) composed only of a heavy chains 
and All light chains but has also been 
found t o  contain substantial quantities of 
hl-specific messenger R N A  (mRNA) en- 
coding a truncated, nonfunctional XI 
light chain (7). Because the XI gene prod- 
uct has n o  apparent immunologic func- 
tion in MOPC-315 cells, we sought t o  
determine whether the expression of XI 
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 All light chain 
and its corresponding mRNA, simulta- 

Table I .  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 
BALBlc 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 lo6 plasmacy- 
toma cells were enclosed in a SpectrdPor 6 dialysis bag (molecular weight cutoff 50,000) and 
immersed in the T cell suspension in a 75-cm2 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-3 15 Secretory 
Culture conditions T cell source T cells to cell via- activity 

MOPC-3 15 bility (%)* (% PFC)t 

MOPC-3 15 alone None 0 93 38 
Coculture Nonimmune 40: 1 89 35 

M3 15-immune 40: 1 86 I 
Membrane-segregated Nonimmune 100: 1 78 36 

M3 15-immune 100: 1 76 6 

*Assayed by dye exclusion. tPlaque-forming cells as percentage of viable MOPC-315 cells, assayed as 
described (10). 

neously inhibit the expression of R N A  
derived from the excluded Al gene. 

Immunization of syngeneic BALBlc 
mice with M315 protein results in the 
generation of Lyt-1-2+ 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 All proteins by MOPC-315 
cells. This suppressive action does not 
affect rates of MOPC-315 cell prolifera- 
tion o r  of nonimmunoglobulin protein 

Fig. I .  Idiotype-specific suppression inhibits 1 2 3 4  s 8 7 8  ~ 1 0  

synthesis, does not require participation 
of accessory cells (for example, macro- 
phages), and does not affect the secre- 

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 

C 

lysed by suspension in a solution containing 
5M guanidinium thiocyanate, 0.5 percent N- 1 L R D  - r .r 
lauroylsarcosinate, 50 mM tris, pH 7.5, and 75 1 0 kb ) 

mM 2-mercaptoethanol. RNA was isolated by Swpress,r: + 

tory activity of closely related plasmacy- 
toma lines lacking the M315 idiotype. 
The physical and biochemical properties 
of the suppressive factors are unknown. 

BALBIc mice were immunized with 
purified M315 protein (9). Spleen cells 
were harvested aseptically, suspended 

I 
I..- - - - I  4 

- + - +  - +  

briefly in hypotonic ammonium chloride 

sedimentation through 6M CsCl (17). and en- 
A 1  a 

riched for poly(A) sequences by two succes- 
sive passes over an oligo-deoxythymidilate affinity column. Samples containing 3 pg 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 (19). The A, and All probes were isolated by combined Pvu 11-Xho 1 or Pst I-Ava I 
digestion, respectively, of cloned chimeric plasmids (7). Each fragment was 250 to 300 base 
pars in length and comprised only constant region coding sequences. As noted by others (7, 
12), the A, and A,, 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 a or A mRNA, it is unlikely that the T cell 
population contributed significant quantities 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 MOW-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 
(11). 

1390 

t o  lyse contaminating erythrocytes, and 
applied t o  a column of nylon wool; the 
nonadherent (T cell) population was col- 
lected and used a s  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 t o  cytolysis 
with antiserum t o  0 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 o r  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 (10). 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 a s  plaque-forming cells in this 
assay. A similar proportion of secretory 
cells (35 percent) was detected in 
MOPC-3 15 populations exposed to con- 
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trol T lymphocytes. In contrast, only 1 concentration of a heavy chain mRNA in the coding regions themselves (7, 16). 
Coordinate regulation of AI and All gene 
expression in MOPC-315 may reflect the 
presence of conserved regulatory se- 
quences common to both genes. 
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these cells was not significantly de- 
creased by suppressor T cell action 
(lanes 9 and lo),  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 CY 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- 

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 
M3 15-immune mice inhibited M3 15 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-3 15 cells exposed to M3 15-im- 
mune or control T cell preparations un- 
der a given set of culture conditions. 

tally different mechanisms. The regula- 
tion of heavy chain synthesis during idio- 
type-specific suppression has been 
examined (1 1). 

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, 

Our studies indicate that suppressor T - .  
cell action can selectively inhibit the 
expression of light chain mRNA in 
immunoglobulin-secreting cells. T o  pro- 
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