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B

Four distinct T-cell antigen-receptor gene loci have now been identified and partly
characterized: o, B, ¥ and 3. All of these loci can rearrange in an immunoglobulin-
like fashion and express polypeptides that contribute to either a:f or y:8 T-cell
receptor-CD3 complexes. Surprisingly, the T-cell receptor (TcR) & coding regions are
located entirely, or almost entirely, within the TcrR o locus and share at least some
of the V region gene segments, thus at least partly linking the two different types of
receptor heterodimers. Analysis of potential T-cell receptor diversity, particularly
that of the 8 chain, indicates a striking concentration of somatic polymorphism in the
V-] junctional region of the two heterodimers, four to six orders of magnitude higher
than similar calculations for immunoglobulin light- and heavy-chain combinations.
In contrast, the number of possible V region combinations in T-cell receptors is one
hundredth to one thousandth that of immunoglobulins. Tcr a: B heterodimers are
known to recognize many possible fragments of antigens embedded in the peptide-
binding clefts of a relatively small number of major histocompatibility complex (MHC)
molecules. Thus it is attractive to speculate that the V—J junctional portions of both
types of T-cell receptor contact peptide antigens, whereas the remaining diversity
regions contact the muc. This contention is supported by molecular modelling studies
and has interesting implications for the evolution of antigen-receptor genes.
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INTRODUCTION

For some time it has been known that T-cell recognition of antigen occurs in a major
histocompatibility complex- (MHC-)restricted fashion (Katz ef al. 1973 ; Rosenthal & Shevach
1973; Zinkernagel & Doherty 1974). Much recent evidence suggests that the antigens ‘seen’
by T-cell receptors (Tcrs) are fragments of proteins bound to MHG molecules at a single site
(Benacerraf 1978; Shimonkevitz e/ al. 1983 ; Babbitt etal. 1985; Buus et al. 1986; Townsend
et al. 1986; Guillet et al. 1986; Bjorkman et al. 1987a). By contrast, the immunoglobulin (Ig)
B-cell receptor binds to native antigen alone. Structurally and genetically, however, both
immunoglobulins and T-cell receptors seem very similar. Both are derived from the relatively
random juxtaposition of different coding segments (V, D and J) of DNA to product proteins
that differ in their N-terminal domains (V domains), but are the same elsewhere (C domains)
(Tonegawa 1983 ; Kronenberg et al. 1986 ; Davis & Bjorkman 1988). Ig V region domains from
the heavy and light chain polypeptides (Vy and V) pair to form the ligand-binding region
(Eisen 1980). By analogy, it seems likely that the binding site for antigen and muc is formed
by pairs of TcR V domains (either V,:By or V,:V;). In the Ig variable regions, sequence
diversity is concentrated in three distinct ‘hypervariable regions’ (Wu & Kabat 1970; Kabat
t Present address: DNAX Research Institute, Palo Alto, California 94304, U.S.A.
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et al. 1987). These amino acids form the principal points of contact with antigens and are thus
referred to as complementarity determining regions (cprs) (Amzel & Poljak 1979; Davies &
Metzger 1983).

INFERRED SIMILARITY BETWEEN TCR AND Ig STRUCTURES

Sequence data suggest that TCR variable regions fold into a B-sheet tertiary structure similar
to Ig variable regions (Patten e/ al. 1984 ; Barth e/ al. 1985 ; Arden el al. 1985; Becker et al. 1985;
Hedrick et al. 1984; Novotny et al. 1986). In antibodies, the variable regions from the heavy
and light chains (Vi and V) are paired such that the three complementarity regions (cprl1,
2 and 3) from each domain form the antigen-binding site (Amzel & Poljak 1979; Davies &
Metzger 1983; Chothia & Lesk 1987). The overall geometry of V,—Vy pairing is conserved
in the Fabs whose structures are known (Novotny & Haber 1985 ; Chothia et al. 1985) resulting
in a similar arrangement of cpRs in these binding sites. Most of the amino acids involved in the
interface between Ig V and V| are identically placed in Tcr V region sequences (Barth et al.
1985; Arden el al. 1985; Becker ¢l al. 1985; Novotny et al. 1986), suggesting that the overall
geometry of the Tcr V,:V;and V,:V; combining sites will be similar to that of V: V.

The three-dimensional structures of a number of proteolytic fragments (Fabs) of antibodies
complexed to antigens have been described (Amit e al. 1986 ; Colman et al. 1987 ; Sheriff ¢ al.
1987; Segal et al. 1974). In contrast, the mode of association between TcrRs and their more
complex ligand (antigen/MHc) is not well understood. Nor is it clear why two completely
independent recognition systems are necessary in an organism. Here we compare the patterns
of diversity of Igs and Tcrs and present a model for TCR interaction with a complex of MmHC plus
antigen. The model assumes structural similarity between the Ig and Tcr combining sites to
align the TcR V domains over the known structure of an MHC molecule (Bjorkman et al.
19874, b).

POTENTIAL DIVERSITY OF TCRS COMPARED WITH Igs

Compared with Igs, the generation of diversity in TcrR heterodimers indicates a striking
concentration of sequence polymorphism in the cpr3-equivalent region (Davis & Bjorkman
1988). As indicated in table 1, there are significantly fewer TcR V gene segments than [gV gene
segments, and much less combinatorial diversity (Vg XV, against V, x V, for example). By
contrast, the diversity at the V-] junction of Tcrs (cpr3) greatly exceeds that of Igs.
Particularly striking is the case of the adult Tcr 8 chain that seems to express only a few V;
sequences but has been estimated to have up to 10'® possible amino acid sequences in its V-]
region (Elliott ¢/ al. 1988). The unique features of TcR genes that contribute to diversity in this
region are listed in table 1 and include N-region addition in all four Tcr chains (as opposed to
only Vy of immunoglobulins), the large number-of J, and J; gene segments and the use of two
different D regions simultaneously in Tcr & (Davis & Bjorkman 1988 ; Elliott e/ al. 1988 ; Chien
et al. 1987).

CONCLUSIONS

What this skewing of diversity towards the cpR3 equivalent region of TcrRs might mean is
suggested by the fact that in an antibody-combining site, the cpr3 residues are located in the
middle, in between the cpr1 and cpr2 contributed residues of each V region (Chothia & Lesk
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TaBLE 1. SEQUENCE DIVERSITY IN T-CELL RECEPTOR AND IMMUNOGLOBULIN GENES

(Calculated potential amino acid sequence diversity in T-cell receptor and immunoglobulin genes without
allowance for somatic mutation. The approximate number of V gene segments are listed for Tcr a, B, ¥ and &
contrasted with Vi and V,. The first two hypervariable regions of immunoglobulins (cbr1 and cpr2) and
their equivalents in TCRrs are encoded within the V gene segments. The pairing of random V regions (V, x V|,
V,xVgor V, x V;) generates the combinatorial diversity listed as ‘ variable region combinations.” The magnitude of
combinational diversity in TcRs is lower than in immunoglobulins because of the decreased number of Tcr V gene
segments. Estimates for the number of amino acid sequences that might result from diversity within the junctional
region are contrasted for TGRs and immunoglobulins. The third immunoglobulin hypervariable rcgion (cpr3) and
its TCR equivalent are encoded almost entirely within the D and/or J region gene segments. The last few amino acids
encoded by a TcR V-gene segment can contribute to the Tcr-cpr3-equivalent region, but the effects of these residues
on junctional diversity are not included in these calculations. The mechanisms for diversity generation within the
Jjunctional region used for this calculation include usage of different D and J gene segments, N-region addition up
to six nucleotides at each junction, variability in the 3" joining position in V and J gene segments, and translation
of D regions in different reading frames. Numbers are corrected for out-of-frame joining codon redundancy and »-
region mimicry of germline sequences as detailed in Elliott ¢/ al. (1988).)

Ig TCR | TcR 11
H K o b Y )
variable segments 250-1000 250 100 25 7 10
diversity segments 10 0 0 2 0 2
Ds read in all frames rarely — — often — often
N-region addition V-D,D-J none V-] V-D,D-] V-] V-D,, D,-D,,
-
joining segments 4 4 50 12 2 o2
variable region combinations 62 500-250000 2500 70
junctional combinations ca. 10M ca. 10*® ca. 108

1987). In the HLA-A2 molecule, the putative peptide binding region is located in between two
nearly parallel a-helices on the surface of the structure. The distance between these two o-
helices (ca. 18 AT) is almost identical to the distance between the cpr1 and cpr2 of one IgV
domain ( in a heterodimer or homodimer) and its partner domain. Thus, an Ig molecule (or
TCR) can be ‘fit’ over an MHGC structure such that the cpr3-equivalent residues are spanning a
significant portion of the apparent antigen-binding site (Davis & Bjorkman 1988). This may
explain the peculiar patterns of diversity that we see in Tcrs as opposed to Igs and has
interesting evolutionary predictions as well (see Davis & Bjorkman 1988).

M.M.D.is ascholar of the PEW Foundation, P.J.B. is a Postdoctoral Fellow of the American
Cancer Society and J.F.E. is a Centennial Fellow of the Medical Research Council of Canada.
We thank the NIH and Howard Hughes Medical Institute for grant support. ’
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