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ABSTRACT The T-cell antigen receptor a-chain genes of
an alloreactive, H-2Db-specific cytotoxic T-cell clone (3F9) are
described. This study and our work on the 3F9 13-chain genes
reveal that the variable region gene segments for the a and .8
chains expressed in 3F9 are identical to the ones used by a
chicken erythrocyte-specific, I-Ab-restricted helper T-cell clone
(LB2). These two clones differ, however, in the diversity and
joining portions of the a and 1 chains of their T-cell receptor
molecules. The analysis of 3F9 and LB2 with monoclonal
antibodies specific for the 3F9 T-cell receptor shows that these
two T-cell clones share the same idiotype; however, 3F9 and
LB2 do not exhibit any antigen and/or major histocompati-
bility complex cross-reactivity. This suggests that the diversity
and joining regions of the T-cell receptor may play a key role
in antigen and/or major histocompatibility complex recogni-
tion.

For several years, one of the key questions in immunology
has been: what is/are the structure(s) of the T-cell antigen
receptor that enables T cells to recognize cell-bound foreign
antigenic determinants together with self-transplantation an-
tigens coded by the major histocompatibility gene complex
(MHC) (restricted T cells) or to recognize foreign transplan-
tation antigens (alloreactive T cells). The T-cell receptor, or
part of it, has now been identified as a heterodimeric
glycosylated protein consisting of disulfide-linked a and p
chains each with a relative molecular mass of 40-50 kDa
(1-4). These chains are organized similarly to immunoglob-
ulin molecules, i.e., they consist of an amino-terminal vari-
able and a carboxyl-terminal constant region and are encoded
by noncontiguous gene segments that are rearranged during
B- or T-cell differentiation to form a functional transcription
unit (5-13). A third class of genes, called y, has also been
identified at the mRNA level. The y genes possess many
properties in common with the a- and P-chain genes, which
indicates that they are a third class of T-cell receptor chain
genes (14-18). However, the role of the y-chain in T-cell
antigen recognition is still unknown.
We have reported (19, 20) that the P-chain variable region

(VO) gene used by an alloreactive cytotoxic T cell (3F9) is the
same as that of an antigen-specific, class II-restricted helper
T cell (LB2-1). Here we report on the isolation and sequence
determination of the a-chain gene of the alloreactive cyto-
toxic T-cell clone 3F9. Surprisingly, the a-chain variable
region (Va) gene expressed in 3F9 is also identical to the V,
gene expressed in the helper T-cell clone LB2-1 (21). Al-
though 3F9 and LB2-1 share an idiotype on their T-cell
receptor, they do not exhibit any immunological cross-
reactivity.

MATERIALS AND METHODS

T-Cell Clones. 3F9 is an alloreactive cytotoxic T-cell clone
from BALB/c (H-2d) mice and is specific for the Db allele of
the murine MHC region (22). 3A2 is a subclone of 3F9. LB2-1
is an I-Ab-restricted, chicken erythrocyte-specific helper
T-cell clone from C57BL/6 (H-2b) mice (23, 24). The other
control T-cell lines used in the fluorescence-activated cell
sorter analyses are also described (23, 24).
cDNA Library Construction and Screening. The construc-

tion of the Xgtll-3F9 library was described (19). The screen-
ing of this library for cross-hybridizing clones was performed
with a 32P-labeled human a-chain cDNA clone (a gift of Tak
W. Mak) by standard procedures (25). Thirty a-positive
clones out of 2 x 105 recombinant phages were isolated, and
the DNA sequence of the longest insert was determined using
the Maxam and Gilbert procedure (26).

Proliferation Assays. 3A2 cells (1 x 104 cells) were stimu-
lated with 1 x 106 y-irradiated (2000 rad; 1 rad = 1.000 x 10-2
J/kg) spleen cells of-the indicated H-2 (K, I, D) haplotype in
0.2 ml of fetal serum supplemented Iscove's modified Dul-
becco's medium (IMDM) containing 10% (vol/vol) rat Con A
supernatant (22). LB2-1 cells (2 x 104 cells) were stimulated
with 1 x 106 y-irradiated (2000 rad) spleen cells in flat-
bottomed wells of microtiter plates with 0.2 ml of complete
IMDM without rat Con A supernatant in the presence or
absence of 0.04% chicken erythrocytes (23, 24). After 48 hr
of incubation in an atmosphere of 95% air/5% CO2 at 37°C,
0.025 ml of complete medium containing 2 uCi of [3H]thy-
midine (1 Ci = 37 GBq) was added per well. Uptake of
radioactivity was measured after 16 hr of incubation. Mea-
sured values are means of triplicate determinations, standard
deviations were smaller than 10%.

RESULTS
Nucleotide Sequence of 3F9 a Chain Gene. A cDNA library

of 3F9 in Xgtll was used to screen for a-chain sequence
bearing clones. Thirty such clones were isolated and ana-
lyzed by restriction mapping and shown to represent an
unusual type of transcript. The nucleotide sequence corre-
sponding to the Va region of the longest a-chain cDNA clone
(3F9-a7) is shown in Fig. 1. The V, sequence of 3F9 is with
one exception identical to the corresponding Va part ofLB2-1
(21). This single-nucleotide substitution does not change the
corresponding amino acid sequence and could be due to a
somatic mutation, to a strain difference between BALB/c

Abbreviations: D, diversity; J, joining; V, variable; Da, J, and Vca
are D, J, and V regions of the a chain of the T-cell antigen receptor,
respectively; D,8, Jq, and V,3 are D, J, and V regions of the ,B chain
of the T-cell antigen receptor, respectively; MHC, major histocom-
patibility complex; Ag/MHC, a neoantigen formed by antigen and
MHC molecules.
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FIG. 1. Va gene sequences: the Va,-Jc nucleotide sequence of 3F9-a7 is compared with the Va-Ja sequence of LB2-1 and the genomic V1', 5H
and Ja 19 sequences. The beginning of the Va gene segment with its leader sequence and the Ja and Ca regions are indicated by vertical lines.
Identical nucleotides are shown by dashes and the conserved heptamers at the end of the germ-line Va 5H and at the beginning of the Ja 19 are
indicated in small letters.

(3F9) and C57BL/6 (LB2-1), or to a cloning artifact. 3F9 and
LB2-1 a-cDNA clones differ, however, in the a-chainjoining
region (Ja) and at the point of Va-Ja joining. The 3F9 a chain
bears the genomic sequence corresponding to Ja 19; LB2-1
carries a different Ja segment that has not yet been identified
at the genomic level (12).
The 3F9 and LB2-1 a-cDNA clones bear three nucleotides

between the corresponding Va and Ja gene segments that
cannot be accounted for by germ-line sequences. The triplet
GAG encoding glutamic acid in 3F9 corresponds to GAT
encoding aspartic acid in LB2-1 (21). These triplets could be
part of a not-yet identified a-chain diversity region (Da) gene
segment or the result of a terminal deoxynucleotidyl-trans-
ferase activity during Va-Ja rearrangement, a mechanism that
has been postulated to be important for the generation of
antibody diversity during B-cell development (27).

Additional comparisons with published sequences for a-

chain genes revealed that the D -specific alloreactive cyto-
toxic T-cell hybridoma P71 (28) bears a Va gene segment that
is closely homologous to the one expressed in 3F9 (and
LB2-1) but rearranged to a different Ja gene segment (21)
(Fig. 1). Therefore, it would be of interest to compare the 3F9
and P71 (8 chains to determine similarities that might be
involved in Db recognition.
Amino Acid Comparison of the a and Chains of 3F9 and

LB2. The comparison of the amino acid sequences of the a

and 13 chains of 3F9 and LB2-1 is shown in Fig. 2. The 8
chains of these two T-cell clones differ mainly in a continuous
stretch of seven amino acids consisting of four "deletions"
and three nonconservative substitutions spanning the diver-
sity region of the 3-chain (Dp) and the beginning ofthe joining
region ofthe , chain (Jp). Comparison ofthe Ja, region reveals
as many nonconservative amino acid changes as in the JP
region, however, they are scattered throughout the Ja se-
quence. It is also noteworthy that the a and 13 chains from
LB2-1 bear longer D-J regions of two and four amino acids,

respectively, than do the corresponding regions in 3F9. The
3F9 and LB2-1 Va, and Vp regions differ only by three point
mutations: two in the case of the Vp gene (Ala/Thr and
Leu/Ile) and a silent one in the V, chain gene. Although an
influence of these changes on antigen and/or MHC recogni-
tion is possible, we consider this as rather unlikely because
one substitution is conservative (Leu/Ile) and the other one
does not lead to any change in charge or size (Ala/Thr).

Idiotype Analysis of 3F9 and LB2-1. The monoclonal
antibodies 44-22-1 and 46-6B5 (22), specific for the 3F9 T-cell
receptor, were tested on LB2-1, 3A2 (a subclone of 3F9), and
two chicken erythrocyte-specific T-cell clones that share fine
specificity (GK15-1) or MHC restriction (LB19-1) with
LB2-1. The data in Table 1 indicate that 3A2 and LB2-1 share
the same idiotype, which, therefore, might be located in the
variable domains and not in the D-J regions of the T-cell
receptor molecule. The idiotype was not detected on the two
T-cell clones that differed from LB2-1 either in fine speci-
ficity or MHC restriction.

VaII Ja Ca
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LB2 ----T------- I RLASAE1 LY ---- L

FIG. 2. Amino acid sequence and comparison of 3F9 and LB2-1
a and /8 chains. The amino acid sequences encoded by the 3' end of
the Vgene segments and the D-J regions are shown in the single letter
amino acid code. Nonconservative amino acid changes and "dele-
tions" are indicated in boxes.
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Table 1. Binding of anti-idiotype antibodies to T-cell lines
Antibody binding,

Specifi- Restric- arbitrary units
T-cell line city tion 44-22-1 46-6B5 J-2A J-5C
3A2 H2Db 144 42 15 24
LB2-1 CRBC-1 H2Ib 123 30 7 6
LB19-1 CRBC-2 H2Ib 9 10 9 10
GK15-1 CRBC-1 H21k 4 4 4 4

The binding of anti-idiotype [44-22-1 (IgG) and 46-6B5 (IgM)] and
control antibodies [J-2A (IgG) and J-5C (IgM)] to T-cell lines was
tested by flow cytometry, using fluorescein-labeled goat anti-mouse
immunoglobulin as a second-stage antibody. Results are expressed
as the median of the fluorescence intensity, in arbitrary units. The
specificities CRBC-1 and CRBC-2 refer to the ability to respond to
all chicken erythrocytes (CRBC) in the test panel (CRBC-2) or all
CRBCs except those of the B13/B13 MHC genotype (CRBC-1) (23).
MHC restriction specificities have been determined (24).

It is interesting that an additional cytotoxic T-cell hybrid-
oma P71 specific for Db (28) also binds to the same antiidi-
otypic antibodies as 3F9 and LB2-1 (Z. Eshhar, personal
communication). However, since the ,-chain gene ofP71 has
not yet been cloned, it is difficult to correlate the presence of
the 3F9 idiotype with a particular Va-Vs3 combination or with
a single Va or Vp3 gene segment.

Antigen and/or MHC Specificity of 3F9 and LB2-1. To
further analyze the antigen specificity and/or MHC restric-
tion of the T-cell clones 3F9 and LB2-1, these clones were
compared with respect to their proliferative responses. Fig.
3 summarizes proliferation assays of 3A2 (a subclone of 3F9)
and LB2-1 T-cell clones with different combinations of
stimulator cells in the presence or absence of chicken
erythrocytes. 3A2 proliferated only with stimulators bearing
H-2Db molecules and did not proliferate with stimulators
expressing the H-2KbIbDd haplotype, independent of wheth-
er the stimulators were pulsed or not with chicken erythro-
cytes. LB2-1 proliferated when cultured with stimulators of
the H-2KbIbDd haplotype only if chicken erythrocytes were
present. These results indicate that the immunological spec-
ificities of 3A2 (i.e., 3F9) and of LB2-1 are different.

DISCUSSION
In this study we show that the two T-cell clones 3F9 and
LB2-1, which have completely different antigen and MHC
specificities as well as different effector functions, use
identical Va and Vq gene segments but different D-J segments
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for their respective antigen receptors. If we assume that both
antigen and MHC recognition occurs via a single T-cell
receptor molecule, it follows that, at least in this particular
case, the D-J regions of the T-cell receptor are able to confer
antigen and MHC specificity.
The open and crucial question concerns the contribution to

antigen and MHC specificity of the variable portion of the
3F9 and LB2-1 T-cell receptor molecules. Studies on the a-
and p-chain genes of cytochrome c-specific, MHC-restricted
helper T-cell (29) and hapten-specific, MHC-restricted cyto-
toxic (A. Iwamoto, P. S. Ohashi, C. L. Walker, H. Pircher,
F.R., H.H. & T.W. Mak, unpublished results) T-cell clones
seem to indicate that the binding sites responsible for antigen
or MHC recognition are not located on only one of the two
chains of the T-cell receptor heterodimer. Structural analyses
have led to the hypothesis that the three-dimensional struc-
ture of the T-cell receptor heterodimer could be similar to the
Fab portions of the immunoglobulin light and heavy chains,
where only one antigen binding site could be identified (30).
In the absence of firm evidence for a second additional
specific receptor on T cells, these considerations favor the
hypothesis that there is a single recognition site for the
neoantigen, formed by the antigen and MHC molecules
(hereafter referred to as Ag/MHC), within a single receptor
structure. In this context, two possible explanations of the
roles of the variable portions of the T-cell receptor in
mediating Ag/MHC specificity could be proposed.

First, the D-J-segments could influence the three-dimen-
sional conformation of the variable domains. In this case the
single recognition site of 3F9 and LB2-1 T-cell receptors
could be located in the variable domains, which assumes
different conformations depending upon the associated D-J
regions.
The second model proposes that the variable domains have

conformations that do not depend on the D-J regions used. In
this case the variable regions would contribute to the forma-
tion of Ag/MHC binding sites that are unable to provide the
necessary affinity that is high enough to activate effector T
cells. Sufficiently high specific Ag/MHC affinity would then
be contributed by the relatively small D-J regions. If this
model is correct, the variable region segments could select
the Ag/MHC by forming pockets for selected but differing
Ag/MHC complexes. The D-J regions would be located in
these binding sites in such a way that they would be
responsible for a particular fine specificity.
The fact that two monoclonal antibodies specific for the

T-cell receptor of 3F9 also react with the T-cell receptor of
LB2-1 indicates that these receptor molecules share antigenic
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FIG. 3. Cross-reactivity analysis of the alloreactive cytotoxic T-cell clone 3A2 (a subclone of 3F9) (A) and the helper T-cell clone LB2-1 (B)
by in vitro restimulation. Clones were stimulated with spleen cells of the indicated H-2 (K, I, D) haplotype in the presence (solid bars) or absence
(open bars) of chicken erythrocytes, and [3H]thymidine incorporation in activated cells was measured.
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determinants in the variable region domains. Therefore, it
seems possible that the T-cell receptor variable regions of
3F9 and LB2-1 could have similar three-dimensional struc-
tures. In this context it is interesting that KJ16-like mono-
clonal antibodies (31) exist that are capable of detecting a
particular Vp sequence, independently of the associated Va
region or of the joined D-J regions. These data support the
second model.

Independently of the mechanism of interaction between
Ag/MHC complexes and T-cell receptor molecules, we
suggest that the role of the variable segments of the T-cell
receptor could be of lower importance than the D-J regions
for Ag/MHC recognition. The limited contribution of the
T-cell receptor variable domains to antigen recognition could
represent a major difference between T and B cells. This
could explain some differences between T-cell receptor and
immunoglobulin gene segment organization and the respec-
tive mechanisms to increase antigen receptor diversity.
Evident differences between T-cell receptor and immuno-
globulin genes include the different sizes of the repertoires of
V vs D and J gene segments. It seems that the D and J gene
segment repertoires of the T-cell receptor are larger than that
of the V gene segments, whereas for the immunoglobulin
genes the opposite is true. Moreover, theD gene segments of
the f3 chain of the T-cell receptor are facultatively rearranged
and possess three open reading frames, and the recombina-
tion site between D and J genes is less defined as compared
to immunoglobulin heavy chain genes. These mechanisms
that increase the diversity at the V-D-Jjunctions of the T-cell
receptors have not been observed in immunoglobulins.

Furthermore, somatic mutation in the variable regions,
which is a very important mechanism to generate antibody
diversity, has not been reported in T-cell receptor genes. A
possible reason for this might be the requirement that T cells
create receptor diversity that avoids autoreactivity.

All these observations and considerations would imply
different roles for variable vs diversity and joining regions in
antigen recognition by T and B cells.

We thank Dr. Tak W. Mak for providing the human a-cDNA clone,
Dr. R. L. Coffman for assistance with the fluorescence-activated cell
sorter analysis, and Dr. M. Billeter for helpful discussions and
comments. This work was supported by Grants 3.765-0.80 and
3.329-0.82 of the Schweizerischen Nationalfond and a grant from the
Roche Research Foundation.

1. Allison, J. P., McIntyre, B. W. & Bloch, D. (1982) J. Immu-
nol. 129, 2293-2300.

2. Acuto, O., Hussey, R. E., Fitzgerald, K. A., Protentis, J. P.,
Meuer, S. C., Schlossman, S. F. & Reinherz, E. L. (1983) Cell
34, 717-727.

3. Haskins, K., Kubo, R., White, J., Pigeon, M., Kappler, J. &
Marrack, P. (1983) J. Exp. Med. 157, 1149-1169.

4. Meuer, S. C., Fitzgerald, K. A., Hussey, R. E., Hodgdon,
J. C., Schlossman, S. F. & Reinherz, E. L. (1983) J. Exp.
Med. 157, 705-719.

5. Yanagi, Y., Yoshikai, Y., Leggett, K., Clark, S. P., Alexsan-

der, I. & Mak, T. W. (1984) Nature (London) 308, 145-149.
6. Hedrick, S. M., Cohen, D. I., Nielsen, E. A. & Davis, M. M.

(1984) Nature (London) 308, 149-158.
7. Chien, Y., Gascoigne, N. R. J., Kavaler, J., Lee, N. E. &

Davis, M. M. (1984) Nature (London) 309, 322-326.
8. Siu, G., Clark, S. P., Yoshikai, Y., Malissen, M., Yanagi, Y.,

Strauss, E., Mak, T. W. & Hood, L. (1984) Cell 37, 393-401.
9. Gascoigne, N. R. J., Chien, Y., Becker, D. M., Kavaler, J. &

Davis, M. M. (1984) Nature (London) 310, 387-391.
10. Siu, G., Kronenberg, M., Strauss, E., Haars, R., Mak, T. W.

& Hood, L. (1984) Nature (London) 311, 344-350.
11. Hayday, A. C., Diamond, D. J., Tanigawa, G., Heilig, J. S.,

Folsom, V., Saito, H. & Tonegawa, S. (1985) Nature (London)
316, 828-832.

12. Winoto, A., Mjolsness, S. & Hood, L. (1985) Nature (London)
316, 832-836.

13. Yoshikai, Y., Clark, S. P., Uik Sohn, S., Wilson, B. I., Minde,
M. D. & Mak, T. W. (1985) Nature (London) 316, 837-839.

14. Saito, H., Kranz, D. M., Takagaki, Y., Hayday, A. C., Eisen,
H. N. & Tonegawa, S. (1984) Nature (London) 309, 757-762.

15. Kranz, D. M., Saito, H., Heller, M., Takagaki, Y., Haas, N.,
Eisen, H. N. & Tonegawa, S. (1985) Nature (London) 313,
752-755.

16. Hayday, A. C., Saito, H., Gillies, S. D., Kranz, D. M., Tan-
igawa, G., Eisen, H. N. & Tonegawa, S. (1985) Cell 40,
259-269.

17. Heilig, J. S., Glimcher, L. H., Kranz, D. M., Clayton, L. K.,
Greenstein, J. L., Saito, H., Maxam, A. M., Burakoff, S. J.,
Eisen, H. N. & Tonegawa, S. (1985) Nature (London) 317,
68-70.

18. Iwamoto, A., Rupp, F., Ohashi, P. S., Walker, C. L., Pircher,
H. P., Joho, R., Hengartner, H. & Mak, T. W. (1986) J. Exp.
Med. 163, 1203-1212.

19. Rupp, F., Acha-Orbea, H., Hengartner, H., Zinkernagel,
R. M. & Joho, R. (1985) Nature (London) 315, 425-427.

20. Patten, P., Yokoto, T., Rothbard, J., Chien, Y., Drai, K. &
Davis, M. M. (1984) Nature (London) 312, 40-46.

21. Becker, D. M., Patten, P., Chien, Y., Yokota, T., Eshhar, Z.,
Giedlin, M., Gascoigne, N. R. J., Goodnow, C., Wolf, R.,
Arai, K. & Davis, M. M. (1985) Nature (London) 317, 430-
434.

22. Acha-Orbea, H., Zinkernagel, R. M. & Hengartner, H. (1985)
Eur. J. Immunol. 15, 31-36.

23. Giedlin, M. A., Longenecker, B. M. & Mosmann, T. R. (1986)
Cell Immunol. 97, 357-370.

24. Mosmann, T. R., Cherwinski, H., Bond, M. W., Giedlin,
M. A. & Coffman, R. L. (1986) J. Immunol. 136, 2348-2357.

25. Maniatis, T., Fritsch, E. F. & Sambrook, J. (1982) Molecular
Cloning: A Laboratory Manual (Cold Spring Harbor Labora-
tory, Cold Spring Harbor, NY).

26. Maxam, A. & Gilbert, W. (1980) Methods Enzymol. 65,
499-560.

27. Alt, F. W. & Baltimore, D. (1982) Proc. Natl. Acad. Sci. USA
79, 4118-4122.

28. Kaufman, Y., Berke, G. & Eshhar, Z. (1981) Proc. Natl. Acad.
Sci. USA 78, 2502-2507.

29. Fink, P. J., Matis, L. A., McElligott, D. L., Bookman, M. &
Hedrick, S. M. (1986) Nature (London) 321, 219-226.

30. Novotny, J., Tonegawa, S., Saito, H., Kranz, D. M. & Eisen,
H. N. (1986) Proc. Natl. Acad. Sci. USA 83, 742-746.

31. Haskins, R., Hannun, C., White, J., Roehm, N., Kubo, R.,
Kappler, J. & Marrack, P. (1984) J. Exp. Med. 160, 425-432.

222 Immunology: Rupp et al.


