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B-Cell Antigen Receptor – Induced Apoptosis Requires Both Iga and Igb

By Jeannie Tseng, Bartholomew J. Eisfelder, and Marcus R. Clark

The response of a B cell to antigen is dependent on the and then aggregate dimers, representative of partial recep-
surface expression of a clonotypic B-cell receptor complex tor complexes, which contained either Iga alone, Igb alone,
(BCR) consisting of membrane-bound Ig and disulfide-linked or the two chains together and then examine their ability
heterodimers of Iga/b. Studies of Iga or Igb have shown that to induce apoptosis in the immature B-cell line, WEHI-231.
the immunoreceptor tyrosine-based activation motif (ITAM) Here we present evidence that heterodimers of Iga and Igb
found in each cytoplasmic tail is capable of inducing most efficiently induced apoptosis while homodimers of either
receptor signaling events. However, Iga, Igb, and most of chain did not. Apoptosis was associated with the inductive
the other receptor chains that contain ITAMs, including tyrosine phosphorylation of a very restricted set of proteins
CD3e, CD3g, TCRz, and FceRIg, are found as components of including the tyrosine kinase Syk. These findings may pro-
multimeric and heterogenous complexes. In such a complex vide insight into the mechanisms by which the BCR, and
it is possible that cooperativity between individual chains other such multimeric receptor complexes, initiate both apo-
imparts functional capacities to the intact receptor that are ptotic and proliferative responses to antigen.
not predicted from the properties of its constituents. There-

q 1997 by The American Society of Hematology.
fore, we developed a novel system in which we could form

B tion may be to enhance that chains’ phosphorylation. The
Iga/b heterodimer can induce the phosphorylation of a wider

-CELL DEVELOPMENT is a sequential and orderly
process that ensures the production of a functional anti-

gen receptor (BCR) which is not reactive with self.1 The range of substrates at a lower threshold of stimulation than
homodimers of either molecule.initiation of Ig rearrangement, with the formation of Dm,

appears to be an intrinsic property of those cells within the Herein we report that Iga and Igb can synergize, not
only in initiating signal transduction events but in mediatingbone marrow (BM) or fetal liver which have committed to

the B-cell lineage. However, subsequent events, including biological responses. When we expressed chimeric receptors
in which the extracellular and transmembrane domains ofpre-B cell transition,2-5 allelic exclusion,1 and the deletion of

autoreactive clones,6,7 are dependent on the expression of platelet-derived growth factor receptor (PDGFR)a or b were
fused to the cytoplasmic domains of either Iga or Igb in thean antigen receptor complex containing the heavy chain of

membrane-bound Ig (mIg) and disulfide-linked heterodimers immature B-cell line WEHI-231,32,33 we found that hetero-
dimers of Iga and Igb could induce apoptosis while homodi-of Iga and Igb. This latter structure translates receptor en-

gagement into the biochemical signals that drive cellular mers of either chain could not. The induction of apoptosis
was associated with the strong and selective induction ofresponses.8-15

Within each of the cytoplasmic tails of Iga and Igb is Syk tyrosine phosphorylation.
embedded a consensus sequence, the immunoreceptor tyro-

MATERIALS AND METHODSsine-based activation motif (ITAM),16-19 which is common
to other multichain immune recognition receptor (MIRR)18

Construction of PDGFR chimeras. cDNAs encoding PDGFRa
and b chains were provided by A. Kazlauskas (National Jewishsubunits, including CD3e, TCRz, FcgRIIIg, and FceRIg.
Center, Denver, CO). A BamHI restriction site was introduced at bpThe motif contains two tyrosines, both of which are critical
1867 of the hPDGFRa by knit polymerase chain reaction (PCR)for initiating tyrosine kinase activation.20,21 It has been postu-
using the oligonucleotides GCTCAAAATGAAGATGCTGTG-lated that phosphorylation of these tyrosines serves to form
AAGAGC, AAACAGAAACCGAGGATCCAAATTCTAGAGGGT-a scaffold on which tyrosine kinases can assemble, thereby
CATTGAATCAAT, GACCCTCCAGCGAATTCGGATCCTCGG-facilitating their activation and the subsequent recruitment
TTTCAGTTT, GACCCGACCAAGCACT AGTCC, and at bp 2044

of secondary effector molecules.22-26

The presence of multiple ITAMs within each MIRR has
led some to suggest that such heterologous signaling chains
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of the hPDGFRb chain using site directed mutagenesis (Promega, the cytoplasmic tails of Iga and Igb can cooperate synergisti-
Madison, WI) with the oligonucleotide AAGCCACGTTACGGG- cally to initiate signal transduction pathways.31 We next
ATCCGATGGAAG. The resulting Not I/BamHI fragment encoding asked whether this cooperativity in signaling translated into
the extracellular and transmembrane domains of the hPDGFRa or qualitative differences in mediating biologically relevant re-
hPDGFRb chain was assembled in pSK/ with a cDNA encoding sponses. To this end, we used cDNAs encoding chimeras in
the cytoplasmic tail of either Iga or Igb22 and an EcoRI/Xho I linker

which the cytoplasmic tails of Iga or Igb were fused with thecontaining stop codons in all frames. The assembled Not I/Xho I
extracellular and transmembrane domains of either humanchimeric construct was ligated into the expression vector pCB6//
PDGFR a or b (Fig 1A). In WEHI-231 cells, an immaturemuTk (H. Singh, University of Chicago, Chicago, IL) which contains
B-lymphoma line which undergoes apoptosis upon cross-a neo resistance gene and an IgM/thymidine kinase enhancer/pro-

moter. The cDNAs encoding the chimeric constructs hPDGFRb/Ig- linking the BCR, the PDGFR chimeras were expressed sin-
a and hPDGFRb/Ig-b were transfected separately, and both gly or in combination to establish lines expressing the fol-
hPDGFRa/Ig-a, hPDGFRb/Ig-b together into WEHI-231 by elec- lowing: PDGFRb/Iga (b/a), PDGFRb/Igb (b/b), or
troporation. Clones were derived by selection in complete Iscove’s PDGFRa/Iga and PDGFRb/Igb (a/a//b/b) (Fig 1B). As can
Modified Dulbecco’s Medium (IMDM; Sigma, St Louis, MO) sup- be seen in Fig 1B, the level of expression of the PDGFRb
plemented with G-418 (1.2 mg/mL). Clones were stained with chain chimeras on b/a and b/b was equal to or greater to that seen
specific anti-PDGFRa and anti-PDGFRb antibodies (Genzyme,

on the doubly transfected cell line a/a//b/b. In particular,Cambridge, MA), fluoroscein isothiocyanate (FITC)-conjugated
although chimera expression levels on b/a were comparableanti-IgG1 (Zymed, San Francisco, CA), and analyzed by flow cytom-
with those on a/a//b/b, the expression levels on b/b wereetry (Becton Dickinson, Bedford, MA).
5- to 10-fold higher. Previously we have shown that theAssays of cell death. 1 1 105 cells/mL of WEHI-231 wild-type

(wt), single, or dual-expressing clones were stimulated for 24 hours fluorescence intensity obtained using either anti-PDGFRa or
at 377C. Cells were stimulated through the endogenous receptors b antibodies was approximately equal for a given amount of
using a polyclonal anti-IgM (Jackson Immunoresearch, West Grove, expressed protein.31 Therefore, approximately half as much
PA) at 20 mg/mL or an anti-Fas antibody (5 mg/mL; Pharmingen, PDGFRa/Iga is expressed on the surface of a/a//b/b as
San Diego, CA). To stimulate through the chimera, cells were incu- PDGFRb/Iga.
bated with 100 ng/mL PDGF-BB ligand (Sigma, St Louis, MO) for Interestingly, when both chimeric chains were coex-
5 minutes, followed by 5 mg/mL anti-PDGFRb antibody for 3 min-

pressed, the surface expression of IgM was diminished byutes and then 5 mg/mL anti-IgG1 antibody (Jackson Immunore-
up to 100-fold. This effect was quite reproducible in thatsearch). After 24 hours, cells were pelleted, resuspended in 3% bo-
nine different clones derived from two separate transfectionsvine serum albumin/phosphate-buffered saline (BSA/PBS) with 5
had a similar phenotype. Although the mechanism of de-mg/mL of propidium iodide (PI), and analyzed by flow cytometry

using LYSIS II (Becton Dickinson). creased IgM surface expression is unclear, it is apparently
Photomicroscopy of nuclei. Nucleoids were prepared by lysing not due to a decrease in the synthesis of BCR components

2 1 106 cells in buffer containing 0.15% NP40 and 1 mmol phenyl- in that immunoblotting of lysates from wild-type, singly, or
methylsulfonyl fluoride (PMSF) for 30 minutes at 47C. Nuclei were doubly transfected cell lines showed no differences in either
pelleted, then resuspended in 0.2 mol/L HCl, 0.4 mmol CaCl2 , and Iga or Igb expression (data not shown).
rotated for 18 hours at 47C. Nucleoids were pelleted, then resus- As both PDGFRs bind their naturally occurring ligand,
pended in 50 mL 100 mmol TRIS, 5 mmol NaCl, 0.5 mmol CaCl2 ,

PDGF-BB, with equal affinity,25 homodimers or predomi-pH 8.3. The suspension was mixed 1:1 with 10 mg/mL acridine
nately heterodimers can be formed in singly or doubly trans-orange in PBS and analyzed by scanning confocal microscopy
fected cells, respectively. The addition of PDGF-BB serves(488/ex/515/em) (Zeiss, Oberkochen, Germany).
to form dimers that are representative of the resting partialPhosphotyrosine and Syk immunoblotting. Aliquots (107 cells/

sample) were either left unstimulated (unstim), stimulated with 20 receptor complex. This dimerization of chimeric receptors
mg/mL of anti-IgM antibody for 5 minutes (Ig), or stimulated through does not result in signal transduction as addition of PDGF-
the chimeric receptors (Ch) as above except that cells were lysed BB alone does not induce tyrosine kinase activation31 (and
after 2 minutes of stimulation with anti-IgG1. Cells were lysed in data not shown). To ‘‘activate’’ these homodimeric or
buffer containing 1% NP40, and lysates were immunoprecipitated heterodimeric complexes, they are first aggregated with anti-
with the antiphosphotyrosine monoclonal antibody (MoAb) FB2

PDGFRb antibodies (IgG1; Genzyme) followed by goat(American Type Culture Collection [ATCC], Rockville, MD). Pre-
anti-mouse IgG1.cipitates were resolved by 10% sodium dodecyl sulfate-polyacryl-

Apoptosis occurs only upon stimulation of heterochimericamide gel electrophoresis (SDS-PAGE) transferred to a nylon mem-
complexes that contain both Iga and Igb. Using the systembrane, and probed with the antiphosphotyrosine MoAb Ab-2

(Oncogene Science, Uniondale, NY). The immunoblot was visual- described above we assayed the ability of the cytoplasmic
ized with enhanced chemiluminescence (ECL) using a horseradish tails of Iga, Igb, or the two together to induce cell death.
peroxidase (HRP)-conjugated polyclonal antibody against murine Ig Cells were stimulated through the chimeras for 24 hours and
(Amersham, Arlington Heights, IL). The immunoblot from Fig 4 then assayed for cell death by PI exclusion and change in
was stripped and reprobed with a polyclonal antibody against Syk forward scatter (FSC) (Fig 2). Results were compared with
(gift of E. Clark, University of Washington, Seattle). The Syk immu-

cell death induced by the BCR on transfectant and wild-typenoblot was also visualized with ECL using an HRP-conjugated poly-
cells. As seen in Fig 2A, stimulation of the BCR on bothclonal antibody against rabbit Ig (Amersham).
wild-type and singly transfected cells readily induced cell

RESULTS death. In contrast, BCR-induced cell death in cells express-
ing a/a//b/b was diminished. The decreased response wasConstruction, expression, and stimulation of PDGFR chi-

meras in WEHI-231 cells. Recently, we have shown that probably due, at least in part, to the reduced BCR surface
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expression. Analysis of cell death induced by the chimeras
gave a different result. In both b/a and b/b cell lines, stimu-
lation of the chimeras was unable to induce cell death
whereas stimulation of chimeric complexes on a/a//b/b cells
did (n Å 3). This induction of cell death was not due to
higher expression levels of the chimeric receptors in our
double transfectants as the chimeras in the b/b line were
expressed at much higher levels.

It was possible that the phenotype of the a/a//b/b cell
lines was not due to the coligation of the cytoplasmic do-
mains of Iga and Igb but due to the coligation of the extracel-
lular and transmembrane domains of PDGFRa with those
of PDGFRb. Therefore, we coexpressed PDGFRb/Iga and
PDGFRb/Igb to generate b/a//b/b. Expression of each chi-
mera was confirmed by immunoblotting with Iga and Igb
specific antibodies31 (data not shown). These cells expressed
the same phenotype as a/a//b/b lines with decreased surface
expression of IgM and impaired but detectable and equal
killing induced through the BCR and the chimeras (data not
shown). These data show that the induction of apoptosis and
the downregulation of mIgM is dependent on the coexpres-
sion of Iga and Igb.

The downmodulation of mIgM in a/a//b/b certainly con-
tributed to its resistance to antigen receptor–mediated
apoptosis. However, the observation that the induction of
apoptosis through both the BCR and the chimeras was sub-
optimal suggests that either each receptor complex, or the
cytoplasmic effector molecules each uses, were limiting. To
examine these possibilities further, we stimulated both recep-
tor complexes simultaneously and assayed for the induction
of cell death. As expected, death induced by the coengage-
ment of each receptor complex was additive and equaled the
death induced by the BCR on wild-type and singly trans-
fected clones (Fig 2B). These results are consistent with
either possibility. However, another observation indicates
that competition for secondary effector molecules is oc-
curring. Over time, one of the a/a//b/b clones lost detectable
expression of surface IgM. This was accompanied by an
enhancement of killing inducible by the chimeras on these
cells (data not shown).

To confirm that the WEHI-231 cells were dying by
apoptosis and not necrosis, cell nuclei isolated from unstimu-
lated and stimulated cells were stained with acridine orange
and visualized by confocal microscopy (Fig 3). As shown,
the induction of cell death in both wild-type and a/a//b/
b transfected cells was accompanied by the characteristic
chromatin condensation and nuclear fragmentation of
apoptosis.4,34 From these results it is clear that receptor com-
plexes which contain the cytoplasmic tails of both Iga and

Fig 1. Construction of chimeric cDNAs and expression in WEHI- Igb can induce apoptosis and that this function is enhanced
231. (A) Diagram of chimeric cDNAs. Extracellular and transmem- by coengagement of the BCR.
brane (TM) domains encoding cDNA fragments derived from the

Fas-mediated apoptosis is comparable between wild-typehPDGFRs were ligated to cDNA fragments encoding the cytoplasmic
and transfected cells. We next asked if the coexpressiondomains of murine Iga/b. (B) Surface expression of chimeric proteins

and IgM on transfectants. To further characterize, the above cDNAs of PDGFRb/Igb and PDGFRa/Iga inhibited other pathways
were also expressed in the B-cell lymphoma A20. Proteins corre- mediating apoptosis. Therefore, we examined the surface
sponding to the predicted size of the chimeric molecules were immu- receptor Fas which, on both immature and peripherally acti-
noprecipitated by monoclonal antibodies to the PDGFR (Genzyme)

vated B lymphocytes, can induce apoptosis independentlyand immunoblotted with specific antibodies against Iga or Igb.31

of tyrosine kinase activation.35-37 Surface staining of Fas on
wild-type and transfected WEHI-231 cells showed compara-

AID Blood 0055 / 5H2F$$1082 01-30-97 15:37:24 blda WBS: Blood

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/89/5/1513/1409741/1513.pdf by guest on 24 M

ay 2024



TSENG, EISFELDER, AND CLARK1516

Fig 2. Both cytoplasmic domains of Iga and Igb are necessary to
induce cell death. (A) Flow cytometric analysis of cell death induced
in wild-type WEHI-231 (WT) and an a/a//b/b transfected clone.
Shown are dot plots of forward scatter (FSC) versus propidium iodide
(PI) staining for a typical experiment. (B) Analysis of cell death in all
transfectants. The mean and standard deviation derived from three
experiments is shown. For each experiment, the percent change in
cells stained with PI upon stimulation was determined by subtracting
the percentage of PIhigh (as gated in A) cells in unstimulated popula-
tions cells from that in the corresponding stimulated populations.
This number was then expressed as a percentage of the cell death
obtained from stimulating the wt BCR (% maximum). ‘‘Ig’’ refers to
BCR and ‘‘Ch’’ refers to the chmeras. *Indicates values that were
significantly different (P Ú .01, two-sided t-test) from those obtained
from wild-type cells.

ble expression levels between all cell lines (data not shown). a typical experiment (n Å 3). Stimulation of the chimeras
on b/b and b/a cells induced little or no phosphorylation ofIncubation of wild-type WEHI-231 cells with anti-Fas anti-

body for 24 hours induced cell death as measured by PI cellular substrates, respectively. In contrast, stimulation of
a/a//b/b cells induced the strong phosphorylation of a smallexclusion (Fig 4). When either b/a or a/a//b/b chimera–

expressing cells were stimulated through Fas, comparable, subset of proteins, including a band of 65 to 70 kD, which
were also induced by the endogenous BCR on wild-type andif not enhanced, cell death was observed (Fig 4). These data

suggest that while the expression of the Iga/b-containing singly transfected cells (top panel). Stripping and reprobing
the membrane showed that the 65 to 70-kD band containedchimeras inhibited the induction of apoptosis by the BCR

they did not induce a generally unresponsive or resistant the tyrosine kinase Syk (bottom panel). Although weak phos-
phorylation of Syk is induced by the highly expressed b/bphenotype.

The selective activation of Syk is induced by stimulating chimera, this degree of activation, by itself, is not sufficient
to induce apoptosis. Because BCR-induced apoptosis is de-heterodimers containing Iga and Igb. To begin to under-

stand the signaling events underlying heterochimeric-in- pendent on tyrosine kinase activation,9,38,39 our results indi-
cate that Iga and Igb cooperate to facilitate the tyrosineduced apoptosis, we examined the ability of each complex

to induce tyrosine phosphorylation of cellular proteins after phosphorylation of a subset of substrates essential for the
induction of apoptosis. Recently, in parallel experiments per-aggregation. Immunoprecipitated tyrosine-phosphorylated

proteins from stimulated wild-type and transfected cells were formed in the B-cell lymphoma A20, we have observed that
the coexpression of chimeras containing Iga and Igb alsoresolved by SDS-PAGE and immunoblotted with antiphos-

photyrosine antibodies. Shown in Fig 5 are the results from lowers the threshold for tyrosine kinase activation.31
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APOPTOSIS REQUIRES BOTH Iga AND Igb 1517

Fig 3. Iga and Igb induce
death by apoptosis. Stimulation
of a/a//b/b or the BCR on wt
cells induces nuclear changes
characteristic of apoptosis. The
nuclei from nonapoptotic cells
stain diffusely with acridine or-
ange, whereas nuclei from apo-
ptotic cells stain intensely for
condensed chromatin bodies
(denoted by arrows).

DISCUSSION

All of the receptors that recognize antigen have a structure
in which multiple heterologous chains, separate from the
antigen-binding substructure, form one or more signal trans-
duction complexes. All of these signal transduction mole-
cules contain a conserved motif, the ITAM whose amino
acids are necessary for kinase activation and recruit-
ment.9,18,23,26 Numerous studies have shown that individual
chains containing a single ITAM are sufficient to initiate
tyrosine kinase activation.40-42 Therefore, if one chain can
mediate signaling, why does each receptor contain two or
more? Herein we provide evidence that Iga and Igb, two
heterologous chains of the BCR which contain ITAMs, can
function synergistically to induce the phosphorylation of spe-
cific substrates and to induce apoptosis. These data, and data
we have presented elsewhere,31 show that each chain may
have specialized, complementary, and nonredundant func-
tions within the context of the receptor complex.

Our results apparently contradict the observations of Yao
et al30 and of Papavasiliou et al,4 in which the cytoplasmic
tails of Iga or Igb alone were sufficient to induce apoptosis
and to mediate negative selection, respectively. However, inFig 4. Fas-mediated apoptosis is comparable between wild-type
both of these experimental models we would argue that whatand chimera-expressing cells. Analysis of cell death induced upon

stimulation through Fas antigen was done as in Fig 2. is being tested is the functional capacity of these single
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Fig 5. Selected phosphory-
lated substrates are required for
apoptosis in WEHI-231. Induc-
tion of tyrosine phosphorylation
in WEHI-231 expressing Iga-,
Igb-, or Iga and Igb-containing
chimeric receptors (top). Wt and
transfected cells were stimu-
lated through chimeric proteins
(Ch), endogenous IgM (Ig), or
both (Ch/Ig). Phosphorylation of
Syk (arrow) is preferentially in-
duced in cells undergoing
apoptosis (bottom).

domains under optimal circumstances in which large num- and this binding enhances the activity of the tyrosine ki-
nase.25 Although the downstream effectors of Syk are notbers of Iga or Igb chimeras are being engaged. Our own

data, presented here31 and elsewhere, support the contention known, the phosphorylation and activation of phospholipase
C-g (PLC) has been shown to depend on Syk.46,49 This is inthat either Iga or Igb can, under some circumstances, acti-

vate tyrosine kinases. What is not addressed in these studies agreement with the recently demonstrated importance of
PLC in inducing apoptosis.38 However, it is doubtful thatis the efficiency with which these processes are mediated.

Our data in aggregate argue that the functional capacities of PLC activation is necessary for the induction of apoptosis
in WEHI-231 in that ligation of the BCR in our cells failedIga and Igb combine synergistically to lower the threshold

of kinase activation and that at lower expression levels, or to induce changes in intracellular calcium (data not shown).
One of the unexpected findings of our studies was thatat lower rates of receptor engagement, this synergy translates

into absolute differences in the ability of the heterodimer to coexpression of the cytoplasmic domains of Iga and Igb
suppressed surface expression of the endogenous BCR inmediate biological processes. The importance of this synergy

has been recently illustrated by the work of Torres et al.5 WEHI-231. This phenotype was not observed when similar
heterochimeras were expressed in the more mature B-cellThey generated, using homologous recombination, mice in

which Iga was lacking its cytoplasmic domain. In these line A20 IIA1.6. Therefore, we do not know if the inhibition
of BCR surface expression is a property of immature cells ordeficient mice, B-cell development was very inefficient at

all stages despite the presence of an intact Igb chain within just of WEHI-231 in particular. However, such a phenotype,
whether a general or specific phenomenon, could be causedthe receptor complex. Apparently this was insufficient, at the

avidity at which the pre-B cell antigen receptor is engaged in by several mechanisms including decreased synthesis, de-
creased transport, or increased clearance from the cell sur-the bone marrow, to signal progression to more mature

stages. It is not known at this time whether the cytoplasmic face. It is unlikely that the decrease seen was caused by
decreased synthesis in that the Iga and Igb proteins weretail of Iga is needed for negative selection.

Interestingly, although few substrates were inducibly tyro- present in normal amounts. It seems probable that the hetero-
chimeras are effectively competing with the BCR for trans-sine phosphorylated by the heterodimerized chimeras, Syk

was strongly phosphorylated after stimulation. This suggests port molecules or mechanisms that are found in limiting
amounts within these cells. Studies are currently in progressthat Syk would be the preferred substrate of the Iga/b hetero-

dimer, which is consistent with the proven importance of to discern between these possibilities.
Our data also suggest that coexpression of PDGFRa/IgaSyk in BCR-mediated signal transduction.9,43-46 Loss of Syk

in B-cell lines sensitive to BCR-mediated apoptosis renders and PDGFRb/Igb, not only suppresses BCR expression, but
permits the formation of a receptor complex which effec-them resistant.38 Furthermore, B-cell development in Syk-

deficient mice is arrested at the pre-B stage.47,48 Upon tyro- tively competes with the BCR for secondary signal transduc-
tion molecules. This competition contributes to the decreasedsine phosphorylation of Iga, Syk binds via its SH2 domains49
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12. Hombach J, Leclercq L, Radbruch A, Rajewsky K, Reth M:cell death observed upon stimulation through the endogenous
A novel 34-kd protein co-isolated with the IgM molecule in surfaceBCR in our double transfectants. It is possible that the cyto-
IgM-expressing cells. EMBO J 7:3451, 1988plasmic tails of Iga and Igb combine to make a unique

13. Chen J, Stall AM, Herzenberg LA, Herzenberg LA: Differ-binding site for a necessary and limiting secondary effector.
ences in glycoprotein complexes associated with IgM and IgD onAlternatively, the cytoplasmic tails of each chain could bind
normal murine B cells potentially enable transduction of different

distinct effectors,22 each of which is redundant but which
signals. EMBO J 9:2117, 1990

together are necessary for effective signal initiation. This 14. Campbell KS, Hager EJ, Friedrich RJ, Cambier JC: IgM anti-
seems more likely since, in previous studies using GST Iga gen receptor complex contains phosphoprotein products of B29 and
and Igb fusion proteins, we have shown that no new mole- mb-1 genes. Proc Natl Acad Sci USA 88:3982, 1991
cules bind to combinations of the fusion proteins that do not 15. Hombach J, Tsubata T, Leclercq L, Stappert H, Reth M:
bind to one or the other individually.29 Molecular components of the B-cell antigen receptor complex of the

IgM class. Nature 343:760, 1990Previous studies of independently expressed Iga and Igb
16. Cambier JC: New nomenclature for the Reth motif (or ARH1/have shown that each chain, despite containing a common

TAM/ARAM/YXXL). Immunol Today 16:110, 1995motif, has distinct biochemical and signal transducing capac-
17. Reth M: Antigen receptor tail clue. Nature 338:383, 1989ities.21,22,29,42 The results presented here indicate that these
18. Keegan AD, Paul WE: Multichain immune recognition recep-capacities combine synergistically to efficiently mediate nec-

tors: Similarities in structure and signaling pathways. Immunol To-
essary developmental functions such as the central deletion

day 13:63, 1992
of autoreactive B-cell clones.50
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