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Summary
Reeent studies have demonstrated that the CD3-~ subunlt of the T eell antigen reeeptor (TCR) eomplex Is
involved In signal transduetlon. However, the funetlon
of the remalnlng Invariant subunits, CD3-y, -ö, and e,
Is still poorly understood. To examine thelr role In TCR
funetlon, we have eonstrueted TCR/CD3 eomplexes
devold of tunetlonal ~ subunlt and showed that they
are still able to trigger the produellon of Interleukln-2
in response to antigen or superantigen. These data,
together with previous results, Indleate that the TCR/
CD3 eomplex Is eomposed of at least two parallel Iransduelng unlts, made 01 the YÖE and ~ ehalns, respeetlvely, Furthermore, the analysis 01 partially truneated
~ ehains has led us to Indlvlduallze a lunetlonal domaln
that may have eonstltuted the buildlng block of most
of the transduelng subunlts assoelated wlth antigen
reeeptors and some Fe receptors.
Introduetion
The T cell antigen receptor (TCR) is a multisubunit complex composed of the products of at least six distinct
genes. The TCR a and TCR ß subunits exist as disulfidelinked heterodimers, possess short cytoplasmic tails, and
contain clonally variable regions that determine the antigenic specificity of the complex. The remaining subunits,
termed CD3-y, -ö, -E, -~, and -1], are invariant, noncovalently associated with the TCR aß dimer, and possess
large intracytoplasmic domains thought to be responsible
for coupling antigen recognition to various signal transductlon pathways. The evolutionarily related y, Ö, and e subunits are expressed as noncovalently associated ye and
OE pairs (Koning et al., 1990; Blumberg et al. , 1990; De la
Herra et al. , 1991), and display immunoglobulin-like extracellular domains (Gold et al., 1987). In contrast, the ~ and 1]
subunlts contaln an extracellular domain of only 9 residues
and constitute the prototype of a new protein family that
includes the y chain of the high affinity IgE receptor (FceRI)
(Weissmanetal., 1988;Jinetal., 1990; Küsteretal., 1990).
When coexpressed in a single T cell, the ~, 1], and FceRly
polypeptides can combine to form multiple disulfide-linked
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homodimers and heterodimers (e.g., ~~, ~1], ~y ...), capable of associating with a co re made of the aß, YE, and ÖE
pairs (Orloff et al. , 1990). Therefore, severalTCR isoforms,
made of distinct subunit combinations (e.g., aßöEYe~~ or
aßoEYE~1]), may coexist within a given T cell and be responsible for coupling antigen recognition to distinct signaling
pathways (Bauer et al., 1991).
Stimulation of the TCR by antigen, superantigen, or
anti-receptor antibodies activates at least two signal transduction pathways (for review see Klausner and Samelson,
1991). The first one, wh ich probably involves the phospho·
lipase C-y1 (PCL-y1), results in the activation of a protein
kinase C and in a rise in intracellular calcium levels. Protein kin ase C activation leads to the serine phosphorylation
of multiple cellular substrates (e.g., CD3-y; Cantrell et al.,
1985) and causes the rapid activation of secondary signal
transducers such as p21 ras (Downward et al., 1990) and
the c·raf kinase (Siegel et al. , 1990). The second pathway
operates through protein tyrosine kinases (PTKs) and
causes the phosphorylation of several substrates includIng CD3-~ (Samelson et al., 1986b) and PLC'y1 (Park et
al., 1991; Weiss et al., 1991). Studies of T cell mutants,
kinetic analyses, and the use of specific PTK inhibitors
suggest that the TCR·driven PTK activation event pre·
cedes and is aprerequisite for PLC-y1 activation (Mereep
et al. , 1988; June et al. , 1990; Mustelin et al., 1990). Since
none of the CD3 subunits possesses intrinsic PTK activity,
it is thought that their intracellular domains associate with
one or more cytoplasmic PTKs. Although there are no
definitive data on the identity of the TCR/CD3-associated
PTK, fyn, a member of the src family of PTK, has been
found to coprecipitate with the TCR/CD3 complex and may
represent the kinase responsible for the initiation of the
PTK pathway (Klausner and Samelson, 1991).
Several systems have been developed to address the
role of individual CD3 components in T cell activation. For
instance, reconstitution of a ~-deficient T hybridoma with
~ polypeptides harboring various alterations of the cytoplasmic tail greatly impairs antigen- and superantigen.
induced interleukin-2 (IL-2) production (Frank et al. , 1990).
Further support for the critical role of ~ in T cell activation
has been obtained by the analysis of chi merle transmembrane proteins made of the intracellular domaln of the ~
chain and the extracellular domains of the CD4 or CD8
molecules (Romeo and Seed, 1991; Irving and Weiss,
1991). When expressed independently of the whole TCRI
CD3 complex, antibody-mediated cross-linking of these
ehimeras has been found to be suffieient to stimulate the
PTK pathway and the ensuing biochemical events normally seen upon TCR engagement. These data, together
with those indicating that the ~ dimer may physiologically
function outside of the TCR/CD3 context (e.g., in association with the FcyRll1 receptor found on natural killer cells;
Lanier et al., 1989; Anderson et al. , 1989), suggestthat one
role of ~ is to eouple reeeptor engagement to intracellular
signaling pathways. Furthermore, when consldered in
view of the results of Frank et al. (1990) (see above), they
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Figure 1. Northern Biol and PCR Analyses 01
RNA Extracted Irom Ihe BW and BW- Recipienl
Cell Lines and Their Corresponding C03-Il,
C03-~, and C08/~ Transfectanls
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have lad to the hypothesis that y, Ö, and E might not constitute coupling subunits but instead modulate TCR function
and/or serve as docking structures for molecules such as
CD4, CD8, Thy-1, Ly-6, CD45, or CD2 (Irving and Weiss,
1991). To approach the exact role of y, Ö, and E in the
absence of functional ~ dimers, we have developed a gene
transfer system based on the mouse BW5147 thymoma.
This system otters the unique possibility to assess in the
very same cellular recipient the transducing properties of
mutated CD3 subunits expressed either individually or in
the context of a whole TCR. We thus show that, in response to activation by antigen or superantigen , TCR/CD3
complexes devoid of functional ~ subunits can trigger IL-2
production to levels comparable with those obtainad with
intact complexes. These data, together with those obtained with the CD8/~ chimeras, establish that the TCAI
CD3 complex consists of two autonomous transcluction
units made of the YÖE and ~ subunits, respectively. Furthermore, the functional analysis of a CD8I~ chimera involving
a partially truncated ~ chain has allowed us to individualize
a structural motif that is repeated three times in the ~ cytoplasmic tail, and demonstrate that the expression of a single copy of this motif is sufficient to transduce signals
leading to substantiallL-2 production. Consistent with the
latter observation, similar, and probably evolutionarily relatad motifs are present, as single copies, in most of the
polypeptides associated with antigen receptors or some
Fc receptors (FcRs).
Results
Reconstltutlon of a Functlonal TCR Complex
In BW5147
The BW5147 thymoma (hereafter referred to as BW) expresses transcripts hybridizing to TCR a-, TCR /3-, CD3
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(A-C) Total RNA Irom Ihe indicated cell lines
was size fraclionaled (10 Ilg/Iane), translerred
10 nitrocellulose, and hybridized 10 probes specific for eilher C03-ll and -E (A and B) or CO~
(C) . The relative sizes (in kb) 01 the bands are
indicaled in Ihe righl margin. Note that the
~066-114 construct lacks a segment of the 3'
untranslated region (see Experimental Procedures) and consequently directs the synthesis
01 a transcript with a molecular weight (1.2 kb)
smaller than the one observed for the ~066-157
construcl (1.4 kb) .
(0 and E) RNA Irom the indicated ceillines was
reverse transcribed with primer ~d (see Experimental Procedures). Subsequent peR amplilication was lor 30 cycles using primers C08l~c
and ~d (see Experimental Procedures). The
amplified products were run on a 1.7% agarose
gel, transferred 10 nitrocellulose, and hybridized with a C03-l;-specific probe. The size (in
kb) 01 the amplified bands is indicated in the
margin.
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y-, and CD3-E-Specific probes but lacks those corresponding to the CD3-6 and CD~ genes (Figures 1A, 1C, and
10; Letourneur and Malissen, 1989). These results agree
with previous biosynthetic analyses (Bonifacino et al.,
1988), and explain the absence of detectable TCR at the
surface of BW (Figure 2). Because the structually related
C03-Tl and FceRI-y subunits can in some instances substitute for C03-/; (see Introduction), we have analyzed BW
for the products of these genes and found that neither
could be detected by polymerase chain reaction (PCR;
data not shown).
To reconstitute the expression of TCR complexes at the
surface of BW, plasmids containing wild-type Ö and ~
genes were sequentiaJly transfectad into BW. As shown in
Figures 1A and 1C, Northern blot analysis of a representative doubly transfectad clone, denoted BWö~, revealed
the presenee of abundant transcripts corresponding to the
introduced Ö and ~ genes. Furthermore, coexpression of
Ö and ~ in BW readily restores the surface expression of
TCR complexes (Figure 2), which display a proper subunit composition when analyzed by two-dimensional (20)
SOS-PAGE (Figure 3A, compare panels BW and BWöQ.
To determine whether the reexpressed TCR can transduce signals leading to IL-2 production, the BWö~ cells
were first stimulated with the anti-C03-E monoclonal antibody (MAb) 2C11 bound to the surface of the FcR-positive
Beeil lymphoma LK. In contrast to the situation observed
for the parental BW cells, stimulation with the cross-Iinked
2C11 MAb induced BWö~ to produce IL-2 in a dosedependent man ner (Figure 4A). However, since recent evidence suggests that there are some distinctions between
the coupling mechanisms observed upon stimulation with
physiologie ligands or anti-C03 MAb (Frank et al., 1990),
we next assessed the ability of the BWö~ cells to respond
to superantigenie and antigenie challenges. The TCR ß
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Figure 2. Expression 01 the TCR/CD3 Complex al the Surface 01 the BW Cells Following
Sequential Transler 01 the CD3-ö Gene and 01
Wild-Type(~)or Mutated (~D66-114, ~D66-157)
CD3~Gene5

BW

BWö

The parental and translected cell lines were
analyzed by Ilow cytometry after staining with
the anti-CD3-& antibody 2C11, the anti-Thy-1
antibody G7, or Ihe anti-LY6 antibody D7. Each
Iluorescence histogram is compared with a
negative control histogram obtained after staining with a rat anti-mouse IgG3 antibody.
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chain reexpressed at the surface of the BWeS~ cells involves the V131 gene segment product (Letourneur and
Malissen, 1989), and should endow them with the eapaeity
to respond to the staphyloeoecal enterotoxin A (SEA, a
superantigen that stimulates T eells in a VI3-specifie and
major histocompatibility eomplex elass II-restrieted man-

Figure 3. Immunoprecipitation and Immunoblotting Analyses 01 the CD3-~ and CD8/~ Polypeptides Expressed by Ihe BW or BWTranslectants
(A) 2D (nonreducing/reducing) electrophoresis
01 TCR/CD3 chains precipitated by the 2C11
(anti-CD3-&) antibody Irom Iysates 01 surfaceradioiodinated BW, BWIi~, or BWIi~D66-157
cells. The positions 01 the various TcR/CD3
chains are indicated.
(B) Identilication 01 the (0, and (~D66-114), homodimers. Lysates Irom the indicaled ceillines
were immunoprecipitated with the 2C11 antibody. Immunoprecipitates were analyzed on
nonreducing SDS-polyacrylamide gels and
immunoblotted with an anti-~ serum raised
against a peptide corresponding to amino
acids 132-144.
(C) Analysis 01 the CD8 molecule and CD8~
chimeras expressed at the surface 01 the BWIransleclants. Surface-radioiodinated cells
were Iysed in 0.5% Triton X-100, immunoprecipitated with the 19/178 (anli-CDB-a) antibody,
and analyzed under reducing and nonreducing
SDS-polyacrylamide gel electrophoresis. The
relative positions 01 the molecular weight standards are indicated (kd). The "'45 kd band
lound in each 01 Ihe 19/178 immunoprecipitales run under reducing conditions (Ieft panel)
appears nonspecilic, as it is seen after immunoprecipitation with an irrelevant antibody'
(data not shown).

ner; Herman et al.. 1990). As shown in Figure 4B, the
BWeS~ cells reaet vigorously to SEA presented by HLADR1-positive eells. It should be noted at this point that
even the minute amount of ~-defieient TCR complexes
expressed at the surface of the BW eS single transfeetant
(see Figure 2) is able to trigger a weak but significant IL-2
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BW, BWa, and BWa, cells stained brightly and with similar
fluorescence intensities with MAb directed against Thy-1
(G7) or Ly-6 (07) molecules (see Figure 2). Moreover, as
shown in Figure 4C, the BW and BWa cells failed to produce IL-2 at any concentration of G7 or 07 tested. In contrast, culture of BWa, with G7 yielded IL-2 in an antibody
dose-dependent fashion. Although less effective than
2C11 and G7, stimulation of BW5' with 07 also results in
IL-2 production (Figure 40). Therefore, based on the above
observations, once transfected with the 5 gene the BW
thymoma should constitute an appropriate recipient to
measure the transducing properties of TCRlC03 complexes devoid of functional ~ subunit.

production in response to either 2C11 or SEA (Figures 4A
and 4B). To circumvent the lack of information concerning
the genuine antigenic specificity of the endogeneous BW
TCR and gauge antigen responsiveness, we have supertransfected the BWa, cells with the TCR a and ß chain
genes originating from the 2B4 hybridoma (Samelson et
al., 1983) and borne by the same plasmid. As summarized
in Table 1, the 2B4 TCR molecules detected at the surface
of the Bwag2B4TCR tripie transfectant can be activated
to trigger IL-2 production as the result of the specific recognition of the pigeon cytochrome c fragment 81-104 (PCC
81-104) bound to H-2 Ek molecules.
In addition to the TCRlC03 complex, T cell activation
can also be initiated through a number of alternative receptors including Thy-1 and LY-6 in the mouse and C02 in
the human. The operation of these alternative activation
pathways depends on the presence of functional TCRI
C03 complexes on the surface of the T cell (Sussman et
al., 1988). Indirect immunofluorescence indicates that the

The Cytoplasmle Tall of the , Polypeptide Is
Dispensable for Antigenie and Superantlgenie
Responslveness
The mature ~ protein consists of a 9 amino acid extracellular segment, a 21 amino acid transmembrane segment

Table I. IL-2 Secretion of Cells Transfected wlth the 284 TCR Genes, In Response 10 Stimulation with Antlgen-Presenting Cells in the
Presence and Absence of PCC
Relative Fluorescence Inlensitles after
Siaining with Anlibodies Speclflc for:
Transfected Responder Cells
Name

Parental Cells

Transfected Genes

BW/)~

BWIiQ284 TCR

BW
6W
BW
BW8l;

BW8~066-114/2B4 TOR
BWII~D86-157/2B4 TOR

BWII~D66-157

COU, C03~
C031i, CO~066-114
COU, CO~D66-157
284 TCR
264 TCR
2B4 TOR

BWIi~066-114
BW8~066-157

BWII~066-114

IL-2 Secreted (U/ml) In
Response 10 C3H Splenocytes

H139

CO&

284 TCR a

V~3

Minus
PCC 81-104

Plus
PCC 81-104

120
134
128
181
165
201

558
533

123
130
119
418
476
410

118
126
120
368
412
301

<1
<1
<1
<1
<1
<1

<1
<1
<1
34
17
52

494
508
573
445

Transfected cells (lOS) were cultured wlth 03H (Ek-posltlve spenocytes, 10") In Ihe absence or presence 01 a PCC peptide corresponding 10 amino
acids 88-104 (PCC 81-104, 15 ~M). Cultures were tor 24 hr, at which time supernatants were coIlected and lested tor IL-2. All transfected cells
showed slmilar brlghl stainlng wilh the antl-CO& MAb 2011. The expression of Ihe 284 TCR al the surface 01 Ihe varlous Iransfec\anls was monltored
by flow cytometry uslng a MAb speclfic for the 284 a (A2B4-2) and 264 ~ (KJ-25) TOR chalns. Background fluorescence levels are glven after
stalnlng wlth an anti-mouse IgG3 MAb (HI39).
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Figure 5. Predicted Structures 01 the Truncated CD3-i; POlypeptides and 01 the CD8I~ Chimeras
(A) The sequence 01 the wild-type CD3-i; (~) cytoplasmic tai! is shown in the single-Ietter amino acid code. The tyrosine residues (asterisks), the
position 01 the introns (i2 to i7) in the corresponding gene segment, and Ihe localizalion 01 three repeated sequence motils (a, b, and c; see Figure
9 and Discussion) are highlighted. The sequences 01 the two CD3-i; Iruncated molecules, ~D66-114 and ~D66·157, are indicated under the wild-type
~ sequence. In the ~D66-157 moleeule, residues 66-157 have been deleted and replaced by the sequence QACKL (see Experimental Procedures).
The CD3-i; residues are numbered according to Weissman et al. (1988).
(8) Construction 01 the CD8/~, C08/~066-114, and C08/~066-157 chimeras. Chimeras were assembled by linking Ihe same cDNA segment encoding
the extracellular (EX) region 01 CD8-a to the sequences corresponding 10 the transmembrane (TM) and cytoplasmic (CY1) regions 01 the CD3-i;,
CD3-i;066-114, or CD3-~D66-157 polypeptides. The common amino acid sequence at the CD8/CD3·~ junction is shown above the CD6/~ chimera.
The number above each residue relers 10 its position in the wild-type sequence (numbering according to Zamoyska el al. (1985) and Weissman
et al. (1988)). The cysteine (C) residue involved in the dimerization 01 the ~ chain and Ihe aspartic acid (0-) residues lound in the CD3-~ TM segment
are indicated. Also shown are a putative nucleotide-binding sile (open diamonds), Ihe tyrosine (Y) residues, and Ihe posilions 01 three repeated
sequence motils (a, b, and c; see above). The halched segment shown in the CD8/~D66-157 chimera corresponds to the QACKL sequence.

harboring a negatively charged aspartic acid residue, and
a 112 amino acid cytoplasmic tail (Weissman et al., 1988).
Two mutated ~ cD NA constructs were developed with the
aim of inactivating the whole or part of the transducing
properties of ~ (see Experimental Procedures). The first
one, denoted ~D66-114, corresponds to an internal deletion, in which residues 66-114 have been removed. As
shown in Figure 5, this alteration removes 3 out of 6 tyrosine residues found in the wild-type chain. In the second
one, denoted ~D66-157, most of the cytoplasmic domain
has been removed (Figure 5). Based on the work of Irving
and Weiss (1991), the latter construct, which lacks the six
tyrosine residues as weil as a putative nucleotide-binding
site (Figure 5), should direct the synthesis of a transduction-defective ~ peptide.
The two constructs were separately introduced into the

BW I) primary transfectant to create the cell lines BW&~
D66-114 and BWI)~D66-157. Northern blot and PCR analyses show that both constructs direct the synthesis of
mRNA of the predicted size (see Figures 1C and 1D).
Moreover, owing to the size differences existing between
the wild-type and truncated ~ mRNAs, these analyses formally establish that transfeetion has not derepressed the
endogeneous ~ chain genes that are still present in BW.
As shown in Figure 2, both truncated ~ subunits were able
to reconstitute TCR surface expression. Examination of a
number of independent clones showed that the surface
expression of TCR harboring truncated ~ subunits was
reduced on the average to half the levels observed with
wild-type TCR, and further permitted the isolation of clones
expressing comparable levels of TCR containing either
wild-type or truncated ~ moleeules (see Figure 2).
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To eharaeterize the strueture of the mutated ~ ehains,
the various ~ transfeetants were Iysed in 0.5% Triton X-1 00
and subjected to immunoprecipitation with the anti-C03 I>
MAb 2C11.lmmunoprecipitates were separated on nonreducing SOS gels and immunoblotted with an anti-~ serum
raised against a peptide corresponding to amino acids
132-144 (Orloff et al., 1989). As expeeted, the wild-type
BW&~ transfeetant produced a 32 kd dimer, whereas the
~066-114 dimers migrate at a position slightly above 16 kd
(see Figure 3B). In addition, the immunoblotting verified
the absence of 11 and the expeeted lack of immunoreactive
material in the BWI5~066-157 eells. To establish the subunit composition of the TCR expressed on the surfaee of
BW&~066-157, the corresponding cells were iodinated,
Iysed in the presence of 0.5% Triton X-1QO, and immunoprecipitated with the 2C11 MAb. Immunoprecipitates were
then analyzed in a 20 nonreducing/reducing gel. As
shown in Figure 3A, the TCR a/3 heterodimer, as weil as
the C03-y, -&, and -I> subunits are properly expressed in
the TCR present on the BW&~066-157 cells.ln contrastto
the 16 kd ~ product found in BW&~ cells (see Figure 3A,
middle panel), the ~066-157 polypeptide lacks tyrosine
residue (Figure 5A) and was therefore not detected in
this analysis. However, 20 analysis of the same TCR
complexes metabolically labeled wlth [35Slcystelne plus
[35SJmethionine revealed the presenee of a unique
disulfide-linked dimer of rv8 kd (P. Moingeon, F. L.,
B. M., and E. Reinherz, unpublished data), eonsistent with
it being the TCR-assoeiated ~066-157 polypeptide. Therefore, we eonclude that the deletion of most of the ~ cytoplasmie segment does not affect measurably the proper
assembly and surface expression of the TCR/C03
eomplex.
To determine the funetional effects of the two deletions,
the BW&~, BW&~066-114, and BW~066-157 eells were
analyzed in parallel for their ability to respond to the antiC03-1> MAb 2C11 and to SEA presented by HLA-OR1positive eells. As shown in Figures 4A and 4B, the
BW&~066-114 and BW&~066-157 displayed IL-2 responses identical to the ones observed wlth BW&~. Moreover, once supertransfeeted with the 2B4-TCR, both
the BW&~066-144 and BW&~066-157 eells were found
eapable of mounting substantial antigenie responses. In
marked contrast, and despite tM presenee of levels of
Thy-1 and Ly-6 molecules identieal to BW&~ (see Figure 2),
the transfeetants harboring mutated ~ ehains were found
either partially (BW&~066-114) or totally (BW&~066-157)
impaired in their ability to respond to anti-ThY-1 (G7) or
anti-LY-6 (07) MAb (see Figures 4C and 40). Finally, it
should be noted that antibody-mediated eross-linking of
the TCR/C03 complexes expressed at the surface of the
BW&~, BW&~066-114, and BW8~066-157 also results in
cell eyele arrest as measured by a dramatie reduction in
thymidine ineorporation (data not shown).
The TCR '8 Composed of Two AutonomOU8
Transductlon Unlt8
The fact that the BW8~066-157 eells respond effeetively
to TCR engagement suggests either of the following alternatives. First, the y, 8, and B subunits may be suffielent to

transduee a signal 10r IL-2 produetion. Seeond, the ~066157 polypeptide may not be totally defeetive and may still
be able to signal through its transmembrane segment andl
or the few amino acid residues left in its eytoplasmie tail
(Figure 5A). To sort out these possibilities, and as pioneered by two recent reports (Irving and Weiss, 1991;
Romeo and Seed, 1991), a set of C08/~ ehimeras was
eonstructed and assessed for their relative transducing
abilities independently of y, &, and B. As summarized in
Figure 58, the ~, ~066-114, and ~066-157 eONAs were
separately fused a few residues upstream of their
membrane-spanning domain with the mouse C08-a extracellular domain (Figure 5B), giving the ehimerie produets
C08/~, C08/~066-114, and C08/~066-157. To obviate adventitious interactions of the ehimerie polypeptides with
other TCR/C03 components, the ehimeras were expressed in the BW5147a-/3- thymoma (hereafter referred
to as BW-). BW- is a derivative of BW that fails to express
the TCR a, ß (Whiteet al. , 1989; Letourneur and Malissen,
1989), C03-y, -&, -gl1, and Fel>RI-y genes (see Figures
18 and 1E; data not shown). In eontrast, BW- expresses
substantiallevels of C03-B transeripts (see Figure 1B). A
transfeetant expressing the C08 Wild-type moleeule,
BW-C08, was developed in parallel and used to evaluate
the possible eontribution of the C08 segment present in
the C08/~ ehimeras. PCR analysis of the mRNAs expressed by the BW-C08/~, BW-CD8/~66-114, and
BW-C08/~66-157 stable transfeetants revealed the presenee of eorrectly sized amplifieation produets (see Figure
1E). When analyzed by eytofluorometry, the ehimeric proteins were deteeted at eomparable levels at the eell surface and found unable to assoeiate with and reseue the
surfaee expression of endogeneous B ehains (Figure 6).
However, sinee the 2C11 MAb used to deteet the I> chains
binds an epitope that may require interaction of the s ehain
with either y or & (Bonifaeino et al., 1989), we have eonfirmed, using a different approach, that the various chimerie proteins were expressed independently of the endogeneous E ehains found in BW-. Aeeordingly, the various
transfeetants were surface iodinated, Iysed in 0.5% Triton
X-100 to preserve potential noneovalent protein interaetions (see Figure 3A), and Subjeeted to immunopreeipitation with an anti-C08 MAb. As shown in Figure 3C, this
analysis falls to deteet evidenee for an assoeiation between the various ehimeras and the remaining s chains (a
rationale for this lack of assoeiation may be found in that
both ~ and I> display a positively charged aspartie acid
residue in their transmembrane domain; Cosson et al.,
1991). Two additional points should be made. First, under
redueing eonditions, the three ehimerie proteins were
found to migrate as single bands with moleeular weights
eonsistent with their predieted sequenees, and the presenee of glyeosylation sites within the C08 extraeellular
domain. Seeond, and as previously observed tor the human C08/~ chimera (Irving and Weiss, 1991), analysis under nonredueing eonditions indieates that eaeh ehimera is
expressed as disulfide-bonded dimers and/or trimers.
Having eharacterized the individual ehimerie proteins,
we next assessed their ability to trigger IL·2 produetlon in
response to the anti-C08 MAb 19/178 preeoated on the
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Note that all the transfectants were capable of IL-2 production in response to the addition of phorbol 12-myristate
13-acetate and ionomycin (data not shown). The lack of
function of the tailless CD8/~D66-157 chimera is consiste nt with previous work (Irving and Weiss. 1991; Romeo
and Seed, 1991), and formally establishes that the transducing properties of the CD8/~ and CD8/~D66-114 molecules could not be attributed to the presence of the transmembrane segment or the few residues left in the
~D66-157 peptide. Finally, the culture of the various
transfectants on microtiter plates coated with the anti-CD3
s MAb 2C11 failed to induce anydetectable IL-2 production
and indicated that none of the transfectants produces constitutive levels of IL-2 (Figure 76). These data suggest
by inference that ~D66-157 is totally defective in terms of
coupling to IL-2 production. but is still able to rescue the
surface expression of aßyeöe complexes capable of triggering levels of IL-2 production comparable with those
obtained with intact (IßYEÖS~~ complexes.

2C11
(anti-C03)

19/178
(anti-CD8)

Discussion
The work presented here demonstrates that TCR/CD3
complexes harboring transduction-defective ~ dimers are
still able to trigger the production of IL-2 in response to
anti-CD3 MAb, antigen, or superantigen. These data. together with those obtained with CD8/~ chimeras (Irving
and Weiss, 1991; Romeo and Seed, 1991; this paper).
suggest that the TCR/CD3 complex is composed of two
dissociable functional units referred to as transduction
modules and made of the YÖt and ~ subunits, respectively
(Figure 8). Once isolated, each of these modules behaves
in an autonomous way and has the property to trigger a
late activation event such as IL-2 production. However. the
two modules are not fully permutable and each appears
endowed with unique characteristics. For instance, and as
suggested by the analysis of the 6Wö~D66-157 cells, the
yös module is unable to substitute for ~ in order to sustain
activation initiated via the Thy-1, Ly-6. and CD2 molecules
(this paper; P. Moingeon, F. L., 6. M., and E. Reinherz,
unpublished data). Three additional points should be
made. First, the ability of each module to function indepen-

Fluorestence intensity
Figure 6. Expression 01 Ihe CD8 Epitope at the Surfaee 01 BW- Cells
Following Translection 01 Ihe CD8 (BW-C08), CD8I~ (BW-C08/t;),
CD8/~D66-114 (BW-CD8I~D66-114), or CD8/~D66-157 (CD8/~D66157) Gene Constructs
The parental and translected eeillines were analyzed by flow tylometry after staining with the anti-CD8-« antibody 19/178 or the anti-CD3
antibody 2C11. Each panel is compared with a negative control histogram oblained after staining with a rat anti-mouse IgG3 antibody.

wells of microtiter plates. As shown in Figure 7A, both
CD8/~ and CD8/~D66-114 are capable of delivering a
transmembrane signal. If one compares the concentrations of 19/178 MAb required to achieve the production of
10 U of IL-2, CD8/~D66-114 appears about 100-fold less
sensitive than CD8/~. In contrast, the wild-type CD8 molecule. and more interestingly, the CD8/~D66-157 chimera
were unable to induce any detectable IL-2 production.
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Figure 7. IL-2 Production 01 BW- Cells Translected with CD8 or Various CD8/~ Chimeras in Response 10 Stimulation with Antibodies Directed to
the C08-« (19/178) or C03-6 (2C11) Molecules
Approximately 10' BW- (open diamonds). BW-CD8 (open circles), BW-CD8I~ (closed eircles). BW-CD8/~D66-114 (closed squares). or BW- CD81
(closed triangles) were cultured in microti!er wells coated with the indieated concentrations 01 purified (A) 19/178 or (B) 2C11 anlibodies.
After 24 hr, supernatants were assayed tor IL-2 conten\. A eoneentratlon 01 1 U/ml 01 11-2 was the minimum detectable in our assay.
~D66-157
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Figure 8. Minimal Model of the TGRlCD3
Complex Highlighting the Presence 01 at Least
Two Dissoeiable Transduetion Modules Com·
posed of the yÖ& and ~ Subunits, Respeetively

Module
yd)E

•

IL -2 gene activation

•

Module ~2

IL -2 gene activation

dently of the other does not preclude the oecurrence of
cooperative interaetions once coexpressed in the context
of a wild-type TCR/CD3 complex. Second, owing to the
utilization of IL-2 production as the only funetional read
out, it is presently impossible to decide if the two modules
operate through distinct or redundant intracellular signaling pathways. Note that irrespeetive of that, our interpretation predicts that uncoupling antigen reeognition from signal transduetion will require the inaetivation of both
modules. Third, in our experiments, a number of independent BW~~D66-157 and BW~~D66-157/2B4 TCR transfectants were found to be capable of responding to superantigen (SEA) and antigen (PCC + Ek), respeetively. In a
previous report, the reconstitution of a ~-defieient variant
of the 2B4 T eell hybridoma with a ~ construet harboring
a truncation of up to 400Al of its cytoplasmie tail (~T108)
resulted in the surfaee expression of TCRlCD3 complexes
defeetive in their ability to respond to both superantigen
(SEB) and antigen (PCC + Ek) (Frank et al., 1990). In the
absence of data coneerning the levels of TCR/CD3 complexes expressed at the level of the 284 ~ T108 transfeetants, we have no simple explanation for their impaired
antigen responsiveness. However, the lack of stimulation
notieed by Frank et al. in response to SEB may be readily
accou nted for by the reeent observation that SEB does not
properly stimulate Vj33+ T cells such as the 284 T cell
hybridoma (Gaseoigne and Ames, 1991).
The modular strueture of the TCRlCD3 eomplex depicted in Figure 8 also suggests a possible interpretation
of the fact that the signals generated through the TCR
expressed on immature thymoeytes appear partiaUy

Eaeh module is eapable of transdueing parallel
signals that result in 11-2 gene aetivation. Based
on the analysis of the BWö,D66-157 mutant
eells, the Thy-l, LY-6, and CD2 alternative aetivation pathways have been depieted to braneh
exelusively on the ~ module (eonneeting
arrows). The arbitrary representation adopted
for the ey10plasmie tail of the various CD3 subunits aims at highlighting the presenee 01 repeats of a tunetional motif (see Diseussion and
Figures 5 and 9). It should be noted that the
exaet number of modules existing per TCR is
unknown. The present estimate is based on
the assumption that the TCR/GD3 complex is
made 01 lour dimers: all, y&, oe, and "(Koning
et al., 1990; but see Manolios et al. , 1991;
Green, 1991; and Finkel et al., 1991 tor other
poss/ble subunil eombinations). Further work
mayaiso break the yöe "unif into two lunetional
modules made of y& and öe. However, ne/ther
the above eonsiderations on the exaet stoiehiometry of the TCR sUbunits nor the probable
oceurrenee of TCR isoforms consisting 01 either (lßYEye~~ or aßöEö6~~ subunit combinations (Alarcon et al. , 1991) affeets the overall
interpretation of our data. The branching 01 the
CD2 and 01 the phosphatidylinositol-linked
Thy-l and Ly-6 moleeules may be indirect and
require additional components.

blunted when compared with mature T cells (reviewed in
Finkel et al., 1991). Considering that ~ is constitutively
phosphorylated in thymocytes (Nakayama et al., 1989; Vivier et al. , 1991b), and provided that this modification is a
negative regulatory signal (Samelson et al., 1986a), our
model suggests that the TCR/CD3 complexes present on
immature T eells express deactivated (phosphorylated) ~
module. As a consequenee, they operate only through
the remaining 'Y~s module and display only part of their
signaling ability. In contrast, the TCR/CD3 complexes
present on mature T cells use both modules and trigger
more sustained signals and/or eonneet antigen recognition to a larger range of signaling pathways. Moreover,
in view of our finding that the Thy-1 and LY-6 pathways
eonverge exelusively on the ~ module, it should be noted
that the phosphorylation of ~ mayaiso affect the operation of these aetivation pathways du ring intrathymic
development.
Our data also bear on the evolutionary relationships existing between the various subunits involved in the constitution of the TCR, the Beeil antigen reeeptor, and some
FeRs. The data reported here for CD8/~D66-114 and our
preliminary experiments with a ehimera displaying a truncation of the ~ tail at position 91 indicate that both mutants
are still eapable of triggering IL-2 produetion. This led us
to suspeet the existenee of at least two funetional domains
within the ~ cytoplasmie tall, and prompted us to analyze
the eorresponding sequenee for the presenee of internal
repeats. As shown in Figures 5A and 9, three segments of
the ~ polypeptide, denoted ~a, ~b, and ~c, and encompassing residues 60--86, 99-126, and 131-156 may be
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aligned by means of six, mostly conserved amino acids.
These conserved residues are separated by more variable
amino acids and correspond to the framework bf a consensus sequence previously found expressed as a single copy
in the cytoplasmic tails of various antigen receptor and
FcR subunits (see Figure 9 and Reth, 1989). Therefore,
the ~ polypeptide appears to be unique among this set of
proteins in the sense that it is the only one to display more
than one copy of this motif. Furthermore, preservation of
the integrity of only 1 out of the 3 copies, such as in the
CD8/~D66-114 or CD8/~T91 mutants, appears sufficient
to couple to IL-2 production. However, note that when compared with the CD8/~ molecule, both the CD8/~D66-114
and CD8/~T91 mutants show a two-Iog shift in their ability
to respond to anti-CD8 MAb. Regardless of this decreased
competence, probably due to the existence of additive or
cooperative effects when the three motifs are expressed
together, these data suggest that each of the motifs found
in the ~ cytoplasmic tai! may indeed correspond to a discrete functional domain. By inference, the functional capacity of the yöe module (this paper) and FceRI receptor
(Romeo and Seed, 1991; Benhamou et al., 1990) may
probably be accounted for by the single-copy motifs expressed within their respective intracellular portions.
Finally, the analysis of the exon-intron organization of
the ~ gene (Baniyash et al., 1989) reveals that each individualized motif straddles the boundary of two exons (exons
3 and 4 for ~a, 5 and 6 for ~b, 7 and 8 for ~c; Figures 5A
and 9), and suggests that these three repeated motifs are
probably the result of a triplication of an ancestral pair of
exons. Two points support this view. First, the ~a, ~b, and
~c coding sequences are interrupted at the very same posi-

o GQYS QL

Figure 9. The Cytoplasmic Tail 01 the CD3·~
Polypeptide Chain Contains Three Repeats 01
the Consensus Sequence D/EX7 D/Ex,.YX,U
IX7 YX,UI Previously Found in the Cytoplasmic
Tail 01 Mosl 01 the Polypeptides Associated
with Antigen Receptors and FcRs
These three repeats, denoted ~a, ~b, and ~c,
are lound at residues 60-86, 99-126, and 139156, respectively. ~c corresponds to the motil
orginally identified by Reth (1989), and is ab·
sent in the CD3-11 polypeptide. They are compared with the corresponding motifs present in
mouse (m) or chicken (c) antigen receptor or
FcR chains. Residues identical to the consensus sequence are boxed. Arrows mark the location 01 the introns in the corresponding genes
(see Discussion). Note that there has been
some drilling in the position 01 the introns bordering the extremities of the tabulated motils
(for instance, compare the position 01 introns
i2, i4, and i6 in the t; sequence, Figure 5A). The
sequence 01 the consensus motif lound in the
chicken T11.15 gene has been indicated since
this gene may correspond to a present-day derivative 01 the common ancestor 01 the CD3·y
and -/3 genes lound in mammals. The exonintron organization 01 the mFceRI-ß and
cT11.15 genes is not known. Gaps are represented as dashes. Sequences are shown in the
single-letter amino acid code and referenced in
the Experimental Procedures.

tion by introns3, 5, and 7, respectively(i3, i5, and i7, Figure
5A}. Second, in marked contrast to intron 1, which flanks
the 3' border of the leader coding sequences, and corresponds to a class I intron, all the introns splitting the sequences corresponding to the ~ cytoplasmic tail (i2 to
i7, Figure 5A) belong to class 0 introns (classification
according to Sharp, 1981). Interestingly, a similar exonintron coding strategy is also found in all the gene segments displaying this consensus motif (Figure 9). Therefore, the molecules harboring these distinctive structural
features are probably all evolutionarily related, a possibility
that extends considerably the evolutionary relationships
previously established between a few ofthem (e.g., CD3-y,
-ö, and -e [Gold et al. , 1987); CD3-~ and FceRI-y [Küster et
al., 1990]}. Moreover, these observations suggest a tentative evolutionary pathway in wh ich most of the transducing
subunits found in antigen receptors and some FcRs stem
from a common primordial building block made of two
exons, the product of which constituted a functional domain endowed with intracellular signaling properties. In
the process of evolution, this primordial domain-encoding
segment has undergone multiple rounds of duplication
and transposition and has been subjected to triplication (~)
or apposed, through exon shuffling, to various Ig-like (B29,
mb-1, CD3-y, -ö, and -e) or non-lg-Iike (FCERI-J3) flanking
domains. The resulting present-day products are found
associated in multisubunit complexes with polypeptides,
most of which displaya ligand-binding extracellular domain belonging to the immunoglobulin superfamily (e.g.,
TCR aJ3, TCR yö, membrane IgD or IgM, FcyRIII-a, FCERIa). This probable evolutionary relationship may find some
functional correspondence in that all the receptors built
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from these subunits have the capacity to activate signaling
pathways operated by PTKs (Samelson et al., 1986b; Benhamou et al. , 1990; O'Shea et al., 1991; Reth et al. , 1991;
Vi vier et al., 1991a).
Experimental Proc::edures
Cells
BW5147 Is an AKR/J·derlved thymoma (Hyman and Stallings, 1974).
BW5147a-ß'- Is a variant of BW51471acking functlonal TCR a and ß
chaln genes (White et al., 1989).
Constructlon of Plaamlds
pH/lAPr·hls
The vector pHßAPr·hls was deslgned to both express the varlous
CD3o{ cD NA constructs under the control of the human ß·actin promoter and seleot stable T cell transfeetants In the presence of histldlnot To construet pHßAPr-hls, an EcoRI-BamHI fragment contalnlng
the human ß-actin promoter was isolated from plasmid pHßAPr-1·neo
(Gunnlng et al. , 1987) and subcloned Into the EcoRI-BamHI open
plasmid pSV2·hls (Hartman and Mulligan, 1988).
{
The wild-type CD3-~ cDNA was exclsed from plasmid pGEM3 (Weissman et al., 1988) as a 1.2 kb EcoRI fragment and cloned after filling
In the staggered ends into the BamHI-Hlndlll blunted sltes of plasmid
pHßAPr-his. From the resultlng clones, plasmid pCA262 (~, Figure 5A)
showed the correct orientatlon and was seleoted for transfeetion.

'066·114
To make the deletion mutant ~D66-114, the wild·type ~ cDNA was
dlgested wlth Pst!. After religation, a plasmld,ln wh ich !WO noncontlgu·
ous Psli fragments (correspondlng to nucleotlde positions 299-446
and 919-1191; Weissman et al., 1988) have Ileen lost, was seleeted.
In the latter plasmld, the resultlng ~ codlng sequence goas In frame
and should dlreot, once cloned into pHßAPr-hls. the synthesis of a
truncated ~ polypeptide (~D66-114) wlth an Internal deletion eneom·
passlng amino acids 66 10 114 (plasmid pCA263. Figure 5A).

'066·157
The construetlon of Ihe deletion mutant ~D6S.157 Involved several
steps. First, to create unlque restrietion sites. a Ndel-Sphl fragment
(nucleotlde positions 572-1191) was exclsed from the wlld·type ~
eDNA and eloned, after IlIIlng In the Ndel staggered end Into the
Hlndlll-blunted Sphl sites of plasmid pGEM3 (Promega BIOI8O). The
resultlng plasmid was denoted pCAC3. Second, the wild-type ~ eDNA
eloned In pGEM3 was digested to completlon with Pstl and religated
on Itsell. In the resulting plasmid, denoled pCAC8, the ~ codlng sequenees 5' to the Psli site located at nucleotide position 299 have been
broughlln contiguity 10 the sequences fIanking the Psli site presenl in
the pGEM3 polylinker. Finally, plasmld pCA264 was construeted by
inserting inlo the Hindlll-blunted BamHI sites of plasmid pHßAPr-his,
an EcoRI-blunted HindIll fragment Isolated from plasmid pCAC8 to·
gether wilh a Hlnd III-BamHI fragment lsolated from plasmld pCAC3.
This process resulted in an insertion of 18 bp, origlnating from either
the pGEM3 polylinker or the blunted Ndel and HIndIll sltes and leavlng
the truncated ~ codlng sequence in frame. Expression of pCA264 results In the synthesis of a mutant ~ polypeptide (~D6S.157) in whieh
amino acids 66-157 have been deleted and replaced by the sequence
QACKL (Figure 5A). The predicted nueleotlde sequence of the truneated cytoplasmic tall has been confirmed by DNA sequencing.
8
Plasmld pCA230 (eS) contalning the entire wild-type CD3-c5 gene was
construeted by Inserting a 17 kb Sall fragment from the A phage genomle clone 13-BM3.3 (Letourneur et al., 1989) Into the unlque Sall slte
of plasmid pSV2-gpl (BamHI) Sall. In thls construct, the eS gene retalned
9.8 and 2.3 kb of 5' and 3' fIanking sequences, respeotlvely.

CO"'. CO"'D66·114, Ind C~D66·f57
Chlm.rlc Constructlons
PCR was used to amplity a segment of a mouse CDBa eDNA clone
(Zamoyska et al., 1985) corresponding to the extracellular domain of
tne CD8n polypeptide and a segment of the ~ cDNA clone (Weissman
et al., 1988) codlng tor the transmembrane and cytoplasmie portion of
the mouse CD~ polypeptide (see Figura 5B). Slmilar ampliflcatlon

reactions were also performed using the ~D66-114 and ~D66·157
cDNAs (see above) as templates. Primers encoding the 3' sequences
of the CDß fragment and the 5' sequenees of the various ~ fragments
were designed to overlap. such that annealing of each pair of produets
yielded a hybrid template. From these templates, the various CD8/~
chimeric constructs were ampillied using external primers containlng
restrietion sites compatible with the ones present In the expression
veetor pHßAPr-1-neo. Eaeh of the chi merle construetions was se·
quenced using the dideoxy chaln termination method and subsequently subeloned in the pHßAPr-l·neo veetor. The native CD8n ehaln
cD NA was expressed after cloning in the veetor pHßAPr-1-neo.
284 TCR

The entire 2B4 p ehaln gene was lsolated as a 8.3 kb BamHI genomie
fragment (Saito et al., 1987) and cloned after filling in the extremities
Into the blunted Clal site 01 plasmid pHßAPr-l·neo/2B4 a (RI) Clal. The
latter plasmid was constructed by inserting Clal linkers at the EcoRI
slte bordering the neo' gene of plasmid pHßAPr-l·neo/2B4 a (Engel
and Hedrick, 1988).
RNA PCR Ampllflcatlon
Total RNA was isolated from T cell transfectants aeeording to Chom·
ezinski and Sacchi (1987). Converslon to cDNA and PCR ampliflcatlon
were done aa described in Bill et al. (1989). The PCR oligonueleolide
primers used in these experiments were: CD8/~e, 5'-AGGGGACCG·
GATIGGACTICGATCCCAAACTCTGCTACTI-3'; ~d, 5'-ATAAGC·
TIGCCAGAAGACCCAAGAGCAGGG-3'.
The amplified products were analyzed on a 1.7% agarose gel.
Transfer to nitrocellulose and hybridizalion proeedures were per·
formed as previously deseribed (Malissen et al., 1988).
Northern Siol Analysis
Northern blot analysis was performed as previously deseribed (Letour·
neur and Malissen, 1989). Hybridlzation probes were lsolated from
cDNA clones corresponding to CD3-c5 (clone pSVE·eSm; Barkhout et
al., 1988), CD3-E (clone pSVL-&m; Berkhout et al., 1988). and CD~
(clone pGEM~; Weissman et al., t988).
Transfeetion by Protoplast Fusion
Transfeetions of hybridomas with protoplasts and seleclion In the pres·
ence of mycophenolle acid or G418-sullate were performed as descrlbed (Letourneur and Malissen, 1989). For selection In the presenee
of histidinol. transfected cells were eultured al 1 x lOS cells per weil
in 96-well tissue culture plates. Salective medium containing 2.5 mM
hislidlnol was applied after 24 hr.
Surta,~e Labellng, Immunopreclpltatlon, and
SDS-Ptllyacrylamlde Gel Electrophoresll AnalYlls
Surfaee iodlnation 01 eells was performed according to Goding (1986).
Labeled cells were Iysed In a lysis buffer eontalning 0.5% Triton X-1 00,
300 mM NaCl, 50 mM Trls-HCI (pH 7.6), and 10 mM iodoacelamide
(Samelson et al., 1985). Immunopreeipitations were performed with the
indieated monoclonal antlbodies adsorbed to protein A-Sepharose,
Antl-CD3 immunopreclpitates were analyzed In 20 diagonal gels (God·
Ing, 1986) uslng 100Al acrylamide gels in the first dimension (nonredueed) and 12.5% acrylamide gels In the second dimension (reduced).

Immunoblottlng
Antl-CD3 immunopreclpitates were resolved on a 10% nonreducing
SDS-polyacrylamide gel as descrlbed above. The separated proteins
were Iransferred eleetrophoretlcally to nitrocellulose and Immunobiotted using a rabbit antio{ serum raised agalnsl a synthetie peptide
correspondlng to amino acids 132-144 (Ortoff et al., 1989).
Cytofluorometrlc Analysla and Antlbodlel
Cytofluorometrie analysis was performed on a FACS SCAN cytomeler
as deserlbed previously (Letourneur and Mallssen, 1989). The follow,
ing MAbs were used: 145-2C11 (2C11), anti-CD3-t (Leo et al., 1987);
G7. anti-Thy·1 (Guntheretal., 1984); 07, anti·Ly-6(Ortegaetal., 1986);
A2B4-2, anti-2B4 TCR a ehain (Samelson et al.. 1983); KJ-25, anti-Vß3
(Pullen et al .• 1988); H139-69.2.1, anti-mouse IgG3 (Labit and Pierres,
1984). Antlbodies were purlfled either on protein A-Sapharose or
DEAE lon-exchange ehromatography.
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Stimulation of T Cell Transfectants wlth Antlbodles,
Antigens, or SEA
In all experiments, 0.25 ml microcultures were prepared containing
10" responding T cells along with various stimuli. For stimulation with
antigen, the various 2B4 TCR transleetants were cultured with 10·
E'-positive C3H splenocytes either alone or in the presence of 15 11M
pigeon cytochrome c peptide 88-104. For stimulation with antibodies
adsorbed to FcR-positive cells (Mereep et al., 1988), the transfeetants
were cultured with 5 )( 10' LK cells (Kappier et al., 1982) as a souree
of FcR-positive cells and varying coneentrations of antibodies. For
stimulation with antibodies eoated on the surfaee of microtiter wells,
wells were precoated with 50 111 of a phosphate-buffe red saline solution
eontaining varying concentrations of purified antibodies. After 2 hr at
room temperature and 1 hr at 4°C, the wells were washed three times
with fetal calf serum-eontaining medium and used. For stimulation
with SEA, transfeeted eells were cultured with either 10" HLA-DR1+ L
cell transfectants (Jacobson et al., 1989) or 10' LK cells along with
varying concentrations of SEA (Toxin Technology). In each instance,
cultures were for 24 hr, at which time the culture supernatants were
harvested and assayed for their level of IL-2 (Gillis et al., 1978).
Amino Acid Sequences
The references of the sequences shown in Figure 9 are as folIows:
m CD3-~ (Weissman et al. , 1988; Baniyash et al., 1989); m CD3-r
(Krissansen et al., 1987; Haser et al., 1987; Clevers et al., 1988a): m
CD3-1\ (Van den Elsen et al., 1986); m CD3-E (Clevers et al., 1988b);
m mb-I (Sakaguchi et al., 1988; Kashiwamura et al., 1990); m B29
(Hermanson et al., 1988); m FCERI-y (Küster et al., 1990); m FCERI-ß
(Ra et al., 1989); and cTll.15 (Bernot and Auffray, 1991).
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