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Some TCR variable regions are preferentially expressed in CD41 or CD81 T cells, reflecting a predilection for interacting with
MHC class II or class I molecules. The molecular basis for MHC class bias has been studied previously, in particular for Va3
family members, pointing to a dominant role for two amino acid positions in complementary-determining regions (CDRs) 1 and
2. We have evaluated the generality of these findings by examining the MHC class bias of Va2 family members, an attractive
system because it shows more variability within the CDR1 and -2, exhibits variation in the framework regions, and includes a
member for which the crystal structure has been determined. We find that preferential recognition of MHC class I or II molecules
does not always depend on residues at the same positions of CDR1 and -2; rules for one family may be reversed in another. Instead,
there are multiple influences exerted by various CDR1/2 positions as well as the CDR3s of both the TCRa- and TCR
b-chains. The Journal of Immunology,1999, 163: 5471–5477.

T lymphocytes recognize Ags in the context of MHC mol-
ecules (1). T cells that bear a CD8 coreceptor express an
Ag-specific receptor able to bind MHC class I molecules,

while CD41 T cells display TCRs that engage MHC class II mol-
ecules. The molecular interactions that underlie this dichotomy are
still poorly understood.

The expression of several mouse TCR variable gene segments is
differential in the CD41 and CD81 subsets. For example, most T
cells expressing Va11.1 are found in the CD41 compartment; con-
versely, Va3.21 cells are more frequent in the CD81 population
(reviewed in Ref. 2). The differences suggest that germline-en-
coded V regions have an intrinsic bias for interaction with MHC
class I or II molecules. This preference can vary for the different
alleles of a given V region, but is mostly independent of MHC
haplotype (3). These properties are quite consistent with recently
described crystal structures of TCR/peptide/MHC class I com-
plexes, which have suggested that all TCRs dock on MHC mole-
cules in a common manner, regardless of the particular MHC mol-
ecule or the receptor composition or specificity (4–7).

Two hypotheses might explain the MHC class bias of TCR V
regions: 1) the conformation of the V region or of particular V
residues on its surface favors the interaction with either MHC class
I or II complexes; and 2) a differential interaction with CD4 or
CD8 indirectly promotes engagement with MHC class I or II mol-
ecules. Evidence for the former idea has been presented recently;
Sim et al. showed that the opposite MHC class preferences of two

members of the Va3 family result from only two amino acid dif-
ferences in complementarity-determining regions 1 (CDR1)3 and 2
(8); extrapolation from the crystal structures mentioned above in-
dicates that these residues most likely contact peptide/MHC, not
the coreceptors. This study presented the first evidence for a de-
cisive role for specific residues located within CDR1 or CDR2 in
distinguishing MHC class.

These results raised the question of whether particular Va po-
sitions play a general role in MHC class discrimination. How im-
portant are these residues for recognition of MHC class by other
Va families? What is the influence of residues outside of the Va
CDR1/2 regions? In other words, are there conserved modes of
interaction, and thus conserved contacts, that underlie recognition
of MHC class I vs II molecules?

To address these questions, we sought a Va family with more
variability within CDR1/2 than in the Va3 family and also with
variation in the framework regions (FRs). The Va2 family consists
of seven expressed members, according to an analysis of the
B10.A mouse (9). The amino acid sequences in the Va2-coding
region are well conserved, but exhibit more variability than in the
Va3 family, with both conservative and nonconservative amino
acid replacements in CDR1/2 as well as the FRs. Furthermore, the
three-dimensional structure of a TCR using Va2.3 has been re-
ported, providing a sound structural backdrop for data interpreta-
tion (10). Studies with the B20.1 mAb, directed against Va2 fam-
ily members, showed that the family as a whole is preferentially
displayed on CD41 T cells (11), but preliminary indications from
transgenic (tg) mice indicated that the bias may not be shared by
all family members (M. Correia-Neves, unpublished observations).
Thus, the Va2 family offers an attractive system for evaluating the
impact of particular V region residues on MHC class preference.

In this study we limited our analysis to the TCRa-chain by
using a tg mouse line expressing an already rearranged TCRb
gene. We examined the distribution of Va2 family members in the
CD41 and CD81 T cell compartments and observed a differential
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expression of family members, which we interpreted in the context
of the crystal structure of Va2.

Materials and Methods
DNA constructs and transgenesis

The rearranged Vb5.2Db2Jb2.6 segment encoding the variable region of
the TCRb-chain expressed by the CD81 cytotoxic T cell clone B3 (12),
specific for the chicken OVA SIINFEKL peptide in the context of H-2Kb,
was engineered from genomic DNA and cloned into a TCRb-chain ex-
pression cassette (13). Theb-chain gene fragment was then excised from
the plasmid and injected into fertilized B63SJL F2 eggs. Screening of tg
founders was performed on Southern blots with a 1.6-kbEcoRI fragment
from the germline Jb2 region. One founder was obtained that expressed a
Vb51 TCR in.99% of the T lymphocytes. Its offspring were crossed with
a line carrying a null mutation in the TCRa locus (Cao/o) (14) to obtain
Vb51 tg mice heterozygous for the Ca mutation. These mice were then
crossed with C57BL/6 (B6) animals, and Vb51 Ca o/1 progeny were used.

Cell staining and sorting

Expression of Vb5.2 was monitored by flow cytometric analysis of lym-
phocytes using the anti-Vb5 mAb MR9-4. Thymocytes were sorted after
staining with FITC-labeled anti-CD8a; PE-labeled anti-CD4 (Caltag Lab-
oratories, South San Francisco, CA), and B20.1, specific for the Va2 fam-
ily (11), were revealed by Cy5-conjugated anti-rat IgG (Jackson Immu-
noResearch Laboratories, West Grove, PA). Peripheral lymphocytes were
sorted after four-color staining with the same Abs plus biotinylated anti-
CD62L (Caltag Laboratories), followed by streptavidin-Texas Red (Jack-
son ImmunoResearch Laboratories). Cell sorting was performed on a
Coulter Elite cytometer equipped with an automatic cell deposition unit
(Coulter, Hialeah, FL). This deposition system was programmed to sort
single cells directly into wells of microtiter PCR plates containing 10ml of
RT mix.

Single-cell RT-PCR

The RT-PCR method was an adaptation of the protocol of Chang et al.
(15). RT was performed in 10ml of RT buffer (25 mM Tris-HCl, 37.5 mM
KCl, and 1.5 mM MgCl2) containing 2% Triton X-100, 1mg of BSA, 500
mM dNTP, 50 ng of oligo(dT)12–18, 8 U of RNasin, and 30 U of Moloney
murine leukemia virus reverse transcriptase (Life Technologies, Grand Is-
land, NY). As soon as the sort was complete, the plates were incubated for
90 min at 37°C in a humidified incubator. For the first PCR round, 10ml
of the resulting cDNA was amplified by adding 40ml of Taq buffer (50 mM
KCl, 10 mM Tris-HCl pH 9, 3 and 2, 5 mM MgCl2) containing 2.5 U Taq
polymerase, 500mM dNTP, 400 ng of sense primer specific for the Va2
family (59-CAGCAGCAGGTGAGACAAAGT-39), and antisense primer
specific for the TCRa constant region (59-GTTTTGTCAGTGAT
GAACGT-39; 3 min at 93°C; 35 cycles: 30 s at 93°C, 45 s at 50°C, and 30 s
at 72°C; 10 min at 72°C). For the second PCR round, 2ml of the first
amplification product was amplified in 50ml of Taq buffer containing 1 U
of Taq polymerase, 500mM dNTP, 200 ng of sense (59-AAGGC
CCGGGTCTCTGACAGTCTGGGAAGGA-39) and antisense (59-
AATCTGCAGCGGCACATTGATTTGGGA-39) nested primers (3 min at
93°C; 22 cycles: 30 s at 93°C, 30 s at 50°C, and 30 s at 72°C; 10 min at
72°C). The PCR products were purified by polyethylene glycol (20% poly-
ethylene glycol 6000 and 2.5 M NaCl) precipitation followed by two
washes in 75% ethanol. The PCR products were sequenced using one of the
primers for the second round of PCR (59-AATCTGCAGCGGCACATT
GATTTGGGA-39). In a few instances the Va2 family members were iden-
tified not by sequencing but by hybridization with member-specific oligo-
nucleotides (details available upon request).

Model building and surface generation

Models for Vb5-Va2 TCR were generated by homology from the coor-
dinates of the KB5-C20 TCR (10) using the Modeller package (version 4.0)
(16); the original TCRb-chain was substituted by the Vb5 chain expressed
in the transgenics (12). A model for each Va2 family member was then
realized. The various Va2 sequences were aligned (9) (no gaps or inser-
tions), and modeling by satisfaction of spatial restraints was used to gen-
erate the three-dimensional structure of the Va2 members using the auto-
matic features of Modeller 4.0. Briefly, the spatial restraints are first
derived from the known three-dimensional template structure (e.g., Ca-Ca
distances, and main chain and side chain dihedral angles) and from the
statistical analysis of the relationship among various features of protein
structures derived from a database of well-resolved structures. These are
expressed as conditional probabilities’ distribution, which are used to op-

timize the initial peptide chain of the target sequence. The final model is
obtained by optimizing the molecular probability density function by sum-
ming of the probability density functions of the individual features (bond
length, valence angle, van der Waals contacts, etc.). No additional energy
minimization was performed. Views of predicted Va2.2 and Va2.6 TCR
surfaces facing the peptide/MHC complex were generated with GRASP
software (17) (http://TRANTOR.bioc.columbia.edu/grasp).

Results
Va2 segments are differentially expressed by CD41 and CD81

T cells

To focus on the influence of TCRa-chain variable residues on
MHC class preference, we maintained the TCRb-chain constant
by employing mice carrying a rearranged TCRb transgene. Fixing
one TCR chain to highlight the influence of residues in the other is
a strategy that has been exploited successfully in several contexts
(12, 18, 19). For example, a Vb51 TCR tg mouse line was used to
study the TCRa-chain regions important for recognition of the
OVA257–264peptide presented by Kb molecules (12). The TCR
b-chain encoded by this transgene pairs well, even preferentially,
with Va21 TCR a-chains (our unpublished observations). There-
fore, we chose to use a tg line expressing this Vb51 chain for our
experiments, actually a novel line established for another project,
expressing the same Vb region (including the junctional and J
regions), but carried within a different expression cassette (13) (M.
Correia-Neves, unpublished observation). The phenotype of our
Vb51 TCR tg line on the B6 background is very similar to that
described for the published line, with expression of the transgene-
encodedb-chain in.99% of T lymphocytes. For the experiments
detailed below, the mice also bore a null mutation at the TCRa
locus (14) in the heterozygous state. Thereby, only one TCRa
locus of the B6 haplotype can rearrange, avoiding misassignments
due to cells expressing two rearranged TCRa-chains, a common
occurrence (20).

Va2 family member usage was analyzed by single-cell RT-
PCR. Single-cell analysis was chosen for quantitative estimates,
rather than the more commonly used approach of batch amplifi-
cation and cloning, because it alone can give reliable frequencies.
We also found an extremely high incidence of chimeric product
formation during the amplification when starting from mixed pop-
ulations. The Va segments from single cells were amplified with
primers equally active with all Va2 family members, and the iden-
tity of the amplified products was determined by direct sequencing
or by hybridization with allele-specific oligonucleotides. The se-
quences showed very diverse junctional regions and are thus rep-
resentative of broad repertoires, free of any bias due to ongoing
immune responses (with one exception, see below).

Our first observation was that the TCRa haplotype from B6
mice, present in the Vb51 TCR tg mice, encodes the same seven
Va2 family members as described for the B10.A mouse strain (9).
This finding is consistent with restriction fragment length poly-
morphism data (reviewed in Ref. 21). Thus, it was easy to assign
each of the B6 sequences to the previously described family mem-
bers on the basis of nucleotides at defined positions in the Va
region. We consequently use the nomenclature of Gahery-Segard
et al. (9), which is internally consistent, rather than that of Arden
et al. (22), which does not distinguish family members from allelic
variants.

We analyzed Va2 gene segment usage by mature
CD41CD82Va2high and CD42CD81Va2high thymocytes from
the same Vb5.21Ca1/0 tg mice. Results from 123 CD42CD81

and 118 CD41CD82 mature single-positive thymocytes are rep-
resented in Fig. 1A. (The full sequence data are presented as sup-
plementary material on http://biblio-igbmc.u-strasbg.fr/cbdm.)
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The pattern of expression was quite different in the two compart-
ments; one was almost a mirror image of the other. The family
members showing the strongest bias were Va2.6, found preferen-
tially in mature CD41 single positives, and Va2.2, which domi-
nates the CD81 subset.

Are these biases maintained in the mature pools once they have
exited from the thymus, or are they reinforced by the continued
MHC engagement known to be required for survival in the pe-
riphery? To minimize artifacts due to expansion of particular
clones during an ongoing immune response, we restricted our anal-
ysis of peripheral populations to naive T lymphocytes, selected on
the basis of their CD62Lhigh phenotype. Va2 family member usage
was determined by RT-PCR on single CD41CD82Va21-
CD62Lhigh or CD42CD81Va21CD62Lhigh cells. The Va2 family
members expressed by 116 CD41 and 94 CD81 lymph node (LN)
T cells are presented in Fig. 1B. The pattern of Va2 usage was
very similar to that found for thymocytes, with Va2.2 and Va2.6
again showing the most extreme skewing. Thus, the differential
usage of Va2 family members is imparted during thymocyte dif-

ferentiation, and the pattern is subsequently conserved in the
periphery.

Unlike the sequences of all other family members, the majority
of which had diverse J region usage and a unique sequence at the
junctional region, Va2.4 sequences from LN CD81 cells were
highly skewed in the three mice analyzed: 75% (21 of 28) of the
CD81Va2.41 cells incorporated the Ja44 segment and had very
related CDR3 regions (with typical LTGANTGKL or SXDT
GANTGKL CDR3 motifs; sequences can be found at http://
biblio-igbmc.u-strasbg.fr/cbdm). This phenomenon was not ob-
served in thymocyte samples, in which the canonical sequence was
seen only once in 18 sequences, and presumably reflected periph-
eral amplification of cells with a particular specificity, reactive to
self or to a foreign Ag to which these mice were exposed. This
amplification prevented a reliable analysis of the CD41/CD81 dis-
tribution of the Va2.4 segment, and so the frequencies of this
family member were not included in Fig. 1B.

The differences observed in the expression of Va2 family mem-
bers would seem to denote preferential interactions of individual

FIGURE 2. Ja gene segments used by Va2.21 and Va2.61 T cells. The sequences were derived from thymocytes and lymphocytes from three mice
(data from the experiments in Fig. 1). The Ja segments are numbered as previously described (30). The number of occurrences of each segment is indicated.

FIGURE 1. Frequency of different Va2 family
members in individual CD41 and CD81 T cells. LN
T cells were sorted as Va21CD41CD82CD62Lhigh

or Va21CD42CD81CD62Lhigh, and thymocytes
were sorted as Va21CD41CD82 and
Va21CD42CD81. The actual Va2 family member
expressed by each cell was determined by single-cell
RT-PCR and sequencing (or hybridization with
member-specific oligonucleotides for cells from one
mouse). Data are pooled from four TCR-Vb5 trans-
genic mice heterozygous for the TCRa knockout
mutation. The pattern of Va2 family member usage
was similar in all mice studied. The nomenclature
follows that used by Gahery-Segard et al. for Va2
family members of the B10.A TCRa haplotype (9),
rather than the confusing nomenclature used by Ar-
den et al. (22), which mixes isotypic and allelic vari-
ants. For those sequences that are present in the Ar-
den et al. listing, Va2.1 5 AV2S1, Va2.2 5
AV2S4, Va2.3 5 AV2S7, Va2.4 5 AV2S8, and
Va2.7 5 AV2S3.
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family members with class I or class II MHC molecules. However,
it could be argued that the influence is indirect. For example, a
given Va2 family member could rearrange preferentially with a
particular Ja gene segment, this Ja encoding a CDR3 region with
a favored interaction with either MHC class. Such a preferential
mode of rearrangement could also yield particular CDR3 lengths
or composition. The bias in Va2 family member distribution
would then only be secondary, and not reflect sequence variation
in the V-coding region per se. To address this caveat, Fig. 2 de-
picts, for thymocytes and LN T cells, the Ja usage in Va2.21 and
Va2.61 TCRs, the two Va2 family members exhibiting opposite
biases. A total of 31 Ja genes were identified among 116 TCRa
sequences from 63 CD41 and 55 CD81 cells. There are some
biases in Ja segment usage between CD41 and CD81 cells (e.g.,
Ja21 and Ja35), yet it is clear that these do not suffice to explain
the fundamental differences between Va2.2 and Va2.6 usage.
Similarly, there are no notable differences in the lengths (Fig. 3) or
composition (Fig. 4) of the CDR3 regions of TCRs using the
Va2.2 and Va2.6 segments. We did note some divergence in
CDR3 composition between TCRs from CD41 and CD81 cells,
such as a high frequency of acidic residues at position 2 for CD81

cells, but this is a general characteristic of TCRs in CD81 T cells
and does not correlate with the Va2 family member involved.
Thus, the differential distribution of Va2 family members between
CD41 and CD81 T cells is a direct outcome of preferential inter-
actions they engage in and cannot merely be attributed to indirect
effects due to favored rearrangement patterns.

Other TCR elements influence Va2 family member distribution
between CD41 and CD81 cells

Usage of the Va2 family members in the CD41 vs CD81 T cell
compartments is skewed, but not in an absolute fashion; even those
members showing the strongest bias toward one subset can be
found in the other. Since the TCRb-chain is fixed in our experi-
mental system, it must be that the precise composition and orga-
nization of the junctional (CDR3) region reverse the natural pre-
dilection in these instances. A close examination of the CDR3
sequences did not reveal any particularly striking feature in the
“revertant” CDR3s (not shown).

We wondered how general these observations might be and
whether the Va2 family member bias would still be present if the
b-chain were allowed to vary. These questions were addressed by
sorting CD41 or CD81 cells expressing diverse, randomly rear-
ranged, Vb51 TCR b-chains from nontransgenic littermates of the
TCRb tg line described above (also heterozygous for the TCRa
null mutation). The Ab used to select Vb51 cells (MR9-4) recognizes
both the Vb5.1 and Vb5.2 variable regions, which are 82% identical
at the amino acid level. As in the experiments described above, single-
cell RT-PCR was performed to amplify Va2 chainsexpressed in
sorted CD41CD82Vb51Va21 and CD42CD81Vb51Va21 thy-
mocytes (115 and 88 cells, respectively). The pattern of Va2 genes

used (Fig. 5) is quite different from the one described above (cf.,
Fig. 1). Va2.6 is no longer the most frequent member in the CD41

population, nor is Va2.2 preferentially used by CD81 T cells. In
this context, most family members do not show any preferential
distribution, with the exception of Va2.7, which is significantly
more frequent in CD41 cells. Therefore, the skewed pattern of
Va2 family member usage observed in Vb51 TCR tg mice is
dependent on the transgene-encodedb-chain, in particular on the
CDR3 region. Since much of the data in Fig. 5 come from TCRs
using the same Vb5.2 gene segment as the transgene-encoded re-
ceptors, that there is no trace of the skewing in the TCR tg mice
implies that variations in theb-chain CDR3 exert a strong effect in
abolishing the bias.

FIGURE 3. Length of the CDR3 segments in Va2.21 and Va2.61 se-
quences (data from the experiments in Fig. 1). N, number of sequences
analyzed; M, average CDR3 length in each group.

FIGURE 4. CDR3 amino acid sequences for thymocytes expressing
Va21 a-chains, grouped according to length (representative data from one
mouse in the experiments of Fig. 1). Charged amino acids are highlighted.
Sequences from LN cells from two other mice showed a similar pattern.
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Discussion
Basis of the bias

Our results indicate that the various Va2 family members are dif-
ferentially employed by CD41 and CD81 T cells as a result of
thymocyte selection, but that this tendency can be influenced by
sequences in the CDR3 regions of both the TCRa- and TCR
b-chains. Useful clues to the molecular underpinnings of these
biases are provided by the crystallographic structure of the Va2.3
region of the KB5-C20 TCR (10) (it was unfortunately not possi-
ble to use directly the two other structures of Va2 TCRs that have
been reported recently (24, 25), as they correspond to allelic vari-
ants not present in the TCRab haplotype). We have performed
multistep homology modeling of other Va2 family members on
the basis of this structure using the Modeller package (homology
modeling by distance restraint algorithm, refined by probability
density function of individual features) (16). Apparently, none of
the variable positions has a marked impact on the disposition of the
a-carbon backbone, in keeping with the comparison of Hare et al.
(24) (Fig. 6A indicates the identities and positions of these variable
amino acids, depicted on the structure in Fig. 6B). At most posi-
tions, the particular amino acids are not correlated with T cell
subset skewing (Fig. 6A). The residues at positions 16 and 19 in
FR1 are, however, and are solvent exposed, but Va2.2 is the only
family member with variant amino acids at these positions. On the
other hand, position 30 within CDR1 does show a good correlation
between the nature of the amino acid, aspartic acid or asparagine,
and preferential representation in the CD41 or CD81 populations.
Its importance in determining the subset skewing is further sub-
stantiated by its position in the structure: exposed on the surface of
the CDR1 loop, on the face of the TCR predicted to contact the
peptide/MHC ligand (Fig. 6C). The side-chain of N-30 does not
interact with other amino acids of TCRa in the KB5-C20 structure,
indicating that its influence should be direct, via differential inter-
actions with peptide/MHC. The CDR1 region of the Va2 TCR
D10, restricted by the Ak class II molecule, also has Asp ata30,
contributing to the formation of a negatively charged pocket (24).
A correlate could also be made with the A6 TCR/Tax/HLA-A2
complex (5), in whicha30 (also Asn) engages in several contacts
with thea1 helix of the MHC class I molecule as well as with the
peptide. Interestingly, in the B7 TCR structure, complexed with
the same Tax/HLA-A2 ligand,a30 is Asp, as in Va2.6 and con-
sorts, and no longer contacts the MHC molecule, but only with the
peptide (6). Thus, one might speculate that an Asn ata30 confers
a generic propensity for interaction with MHC class I molecules,
while charged residues are preferred in interactions with class II.
Yet the influence ofa30 is probably modulated by residues at
other positions; for example, Va2.6 shows a stronger bias for the
CD41 compartment than Va2.1, which has the same CDR1 com-

position. No clear explanation for such differences emerges from
the alignment shown in Fig. 6A; in particular, no recognizable
sequence patterns in the CDR2 region are evident.

This correlative analysis suggests that variability in contacts
with the peptide/MHC ligand dictates preferential selection of
some Va2 family members into the CD41 or CD81 population.
We have seen no indication of an influence of positions proposed
to interact with the CD8 coreceptor (26); K56 is invariant in the
Va2 family, and the pattern of variability of amino acids in its
immediate vicinity (a54, a64) does not correlate with the T cell
subset bias.

Other elements of the TCR V regions do seem to modulate
MHC class preference. First, the CDR3 region of the TCRa-chain
must be influential, since the Va family member repartition is not
absolute in our system; particular CDR3a sequences allow selec-
tion into the less-favored compartment. Interestingly, as illustrated
in Fig. 6C, exposed CDR3a amino acids are located very close to
a30 in the Va CDR1, which appears to be in the alignment of the
CDR3a loop. Very small changes in the CDR3 region seem to be
capable of a profound impact. Indeed, we have found (in TCRs
analyzed in another project) that single amino acid replacements in
the CDR3a region of otherwise identical TCRs suffice to switch
the restriction of the TCR from class I to class II molecules (M.
Correia-Neves, unpublished observations). A second modulating
element is the TCRb-chain, in particular the CDR3b region. The
bias observed in Vb5.21 TCR tg mice was not seen when we
analyzed broader populations expressing diverse Vb5 chains in
nontransgenic mice. This is consistent with the fact that quite a few
of the interactions between TCR and MHC molecules that have
been previously identified involve CDR3 residues on both TCR
chains (4, 5).

Generality?

There seem to be a few common rules concerning class I/class II
molecule discrimination by the TCR. First, the discriminating Va
positions one can identify are very dependent on the broader mo-
lecular context; the influence of thea30 residue detected in a con-
text of limited TCR variability disappeared when the TCRb-chain
was no longer monomorphic. Second, the highlighted positions
vary between studies; the analyses of Sim et al. clearly established
the roles ofa27 anda51 for Va3 family members’ preferential
interactions with MHC class I or II molecules (8, 27). The influ-
ence ofa51 of Va3 was also manifest in the results of Andersen
et al. (28); a serine at this position was required for stabilization of
a superantigen/TCR/MHC class II complex. An influence ofa27
would not have been detected in our study because it is not poly-
morphic in the Va2 family; on the other hand, an influence ofa51,

FIGURE 5. Va2 family member usage by thy-
mocytes from nontransgenic mice. Data are pooled
from four mice heterozygous for the TCRa knock-
out mutation (nontransgenic littermates of the ani-
mals analyzed in Fig. 1). Thymocytes were sorted as
Va21CD41CD82 and Va21CD42CD81. Single-
cell RT-PCR was performed, and the Va2 PCR
products were sequenced.
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FIGURE 6. A, Identities of variable amino acids in each of the Va2 family members, numbered as previously described (9).B, Model of the Vb5-Va2
TCR, deduced byb-chain replacement from the structure described by Housset et al. (10); variable positions localized in FRs are represented in white, and
those in the CDRs are shown in yellow.C, Solvent exclusion representation of the Va2.2 and Va2.6 surfaces facing the peptide/MHC complex. Va position
30 is represented in magenta and red for Va2.2 and Va2.6, respectively. The CDRs are represented in yellow, and position 51, identified as important in
class I/class II discrimination in the Va3 family (8), is shown in dark green.

5476 TCR Va RESIDUES DICTATING MHC CLASS BIAS



which is variable in Va2 family members, could have been ob-
served. Yet there appeared to be no such influence, as the amino
acid distribution at position 51 did not correlate with MHC class
preference. In fact, the proline residue ata51 that favored inter-
action with class I molecules in Va3 (8, 27) is precisely the amino
acid found in Va2.6 that had the strongest association with class II
molecule preference. Thus,a51P cannot be a generally applicable
determinant of class I/class II discrimination, as proposed (29).
However, it is interesting that position 51 seems to occupy a region
next to residue 30 in the tertiary structure (Fig. 6C). Third, it is
becoming clear from comparative analyses of the TCR/peptide/
MHC crystal structures that TCR:MHC molecule contacts are not
the same in different complexes. In the studies of Wiley and col-
leagues (6), comparison of the A6 and B7 TCRs, both of which
recognize a Tax/HLA-A2 ligand, revealed that many of the TCR
residues that contact the MHC molecule in one structure also con-
tact it in the other, but that the nature and direction of these con-
tacts can be different; overall, only 1 in 17 contacts was shared
between the two structures. There cannot, in this context, be
strongly dominant rules that guide class I or class II preference,
and it may ultimately be impossible to draw general rules from
primary sequence comparisons.

Together the data indicate that MHC restriction by class I vs
class II molecules does not depend solely on the recognition of
particular MHC residues by a few specific TCRa CDR1/2 amino
acids. Rather, MHC class preference results from a combination of
inputs, from particular residues in CDR1 and CDR2, but also from
the randomly generated TCRa and TCRb CDR3 regions.
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