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Abstract
Virus-immune CD8+ TCR repertoires specific for particular peptide-MHC class I complexes may
be substantially shared between (public), or unique to, individuals (private). Since public TCRs can
show reduced terminal deoxynucleotidyl transferase (TdT)-mediated N-region additions, we
analysed how TdT shapes the heavily public (to DbNP366) and essentially private (to DbPA224) CTL
repertoires generated following influenza A virus infection of C57Bl/6 (B6, H2b) mice. The
DbNP366-specific CTL response was virtually clonal in TdT−/− B6 animals, with one of the three
public clonotypes prominent in the wt response consistently dominating the TdT−/− set. Furthermore,
this massive narrowing of TCR selection for DbNP366 reduced the magnitude of DbNP366-specific
CTL response in the virus-infected lung. Conversely, the DbPA224-specific responses remained
comparable in both magnitude and TCR diversity within individual TdT−/− and wt mice. However,
the extent of TCR diversity across the total population was significantly reduced, with the
consequence that the normally private wt DbPA224-specific repertoire was now substantially public
across the TdT−/− mouse population. The overall conclusion is thus that the role of TdT in ensuring
enhanced diversity and the selection of private TCR repertoires promotes optimal CD8+ T cell
immunity, both within individuals and across the species as a whole.
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Introduction
Host response profiles tend to be highly consistent for virus-specific CD8+ T cell-mediated
immunity, with the same few epitopes being targeted in individuals sharing MHC class I
haplotypes. This reproducibility can extend to epitope-specific T cell responses with, in some
cases, the same TCRs (usually defined at the level of identical CDR3β amino acid sequence)
being used repeatedly in different individuals to constitute an essentially ‘public’ TCR
repertoire, (1). Alternatively, part (or all) of an epitope-specific TCR response may be
substantially “private” to a given individual. Overall, a TCR repertoire is defined as broadly
public or private by the extent to which the response is shared or unique (2). This private versus
public character looks to be determined by the particular peptide+MHC (pMHC) epitope, the
extent and character of the available naïve TCRs and the stochastic nature of T cell antigen
encounter and activation (3).

Diversity within the TCR repertoire is generated via several mechanisms. While different
combinations of variable (V), diversity (D), and junctional (J) gene segments, along with the
pairing of various TCR α and β (or γ and δ) chains, provide a measure of variability, much
greater levels of diversity are generated at the junctions of the V, D, and J gene segments by
template dependent (P additions) and template independent (N regions) nucleotide additions.
The role of TdT as the DNA polymerase responsible for the template independent addition of
nucleotides during both TCR and antibody gene rearrangement has long been established (4,
5), with studies in mice genetically deficient in this enzyme showing that it is normally
responsible for establishing at least 90% of the naïve TCRαβ repertoire (6). Even so, despite
the fact that the more limited TCR pool in TdT−/− animals results in a very substantial
narrowing in epitope-specific TCR diversity, the responses to multiple epitopes in TdT−/−
mice are generally comparable in magnitude to those elicited in the wt controls (7,8).

The present analysis focuses on the role of TdT in determining the private or public nature of
virus-specific CD8+ T cell TCRβ repertoires. Prior analysis with a number of epitope-specific
T cell responses has shown that public TCR clonotypes have a substantially reduced number
of N-region additions (7,9), a finding that has in turn contributed to the idea that such TCRs
tend to be both public and dominant within individuals because they are more readily generated
by the recombination machinery (9). In this study we analyse the simultaneous establishment
of distinctive CD8+ T cell repertoires, directed at H2Db complexed with peptides from the
influenza A virus nucleoprotein (DbNP366-374) and acid polymerase (DbPA224-233), in virus
infected TdT+/+ (wt) and TdT−/− C57BL6 mice. While both NP366 and PA224 bind to H2Db,
they induce different TCRVβ biases, each with unique preferences for CDR3β length and Jβ
usage (10,11). Importantly, detailed CDR3β sequence analysis has established that while the
wt DbNP366-specific repertoire tends to be restricted in clonotype diversity and is heavily
public, the wt DbPA224-specific population is much more “individualized”, or private. This
has allowed us to probe how TdT determines TCR repertoire diversity, the extent of sharing
(public) or uniqueness (private) and response magnitude for parallel, in vivo viral epitope
specific CD8+ T cell responses.

Materials and Methods
Mice and virus infections

Female C56Bl/6J (H-2b) mice were purchased from The Jackson Laboratory and TdT−/− mice
(4) were a kind gift from Dr Ann Feeney from The Scripps Research Institute. Naïve mice were
anaesthetised by i.p. injection of 2,2,2-tribromoethanol (Avertin) (250 mg/kg) and primed i.n.
with 106 EID50 of the HKx31 (H3N2) influenza A virus (12) in 30 μl of PBS. “Memory” mice
were primed by i.p. injection with 108 EID50 of the serologically distinct PR8 (H1N1) influenza
A virus that shares NP and PA proteins of HKx31 (13,14), then challenged i.n. with HKx31
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virus at least 4 weeks later to generate a secondary response. Virus stocks were grown in the
allantoic cavity of 10-day (d) embryonated hen’s eggs and quantified as EID50. All animal
work was performed in compliance with the guidelines set out by the St Jude Research
Children’s Hospital Animal Experimental Ethics Committee.

Tissue sampling and cell preparation
Spleens and bronchoalveolar lavage (BAL) samples were recovered from mice at the acute
(d10) and memory (d33) phases of primary infection or acute (d8) time-point of the secondary
response. BAL samples were incubated on plastic petri-dishes for 1hr at 37°C to remove
macrophages. Spleens were disrupted and enriched for CD8+ T cells by panning on goat anti-
mouse IgG and IgM antibody coated plates (Jackson ImmunoResearch Labs, West Grove, PA,
USA) for 1hr at 37°C. Cells were washed and resuspended either in FACS buffer (1%BSA/
0.02%NaN3 in PBS) for phenotypic analysis or sort buffer (0.1%BSA in PBS) for single-cell
sorting.

Tetramer staining and tetramer dissociation analysis
CD8+ T cell-enriched lymphocytes from spleen and BAL were stained with DbNP366 or
DbPA224 tetramers conjugated to Streptavidin-PE (Molecular Probes, Eugene, OR, USA) for
60mins at room temperature. Cells were washed twice in FACS buffer (10%BSA/0.02%
NaN3 in PBS) and stained with anti-CD8α-FITC (BD Biosciences Pharmingen) for 30mins on
ice, washed twice and analysed by flow cytometry. For investigation of TCR avidity, the
relative off-rates of TCR binding were determined by tetramer dissociation (15–17). Briefly,
cells were stained with tetramer, then incubated in the presence of anti-H2Db antibody
(28-14-8, BD Biosciences Pharmingen) at 5μg/ml at 37°C to prevent tetramer rebinding. At
designated times, cells were removed into FACS buffer and placed on ice, stained with anti-
CD8α-FITC, and analysed by flow cytometry. Loss of tetramer+CD8+ T cells at particular
time-points was calculated relative to tetramer staining at t=0mins.

Peptide stimulation and intracellular cytokine staining
Enriched T cell populations from spleen and BAL samples were stimulated with the NP366
(ASNENMETM) or PA224 (SSLENFRAYV) peptides (Hartwell Center, St Jude Children’s
Research Hospital) for 5hrs in 200μl complete-RPMI medium containing 1μg/ml Golgi-Plug
(BD Biosciences Pharmingen) and 10U/ml recombinant human IL-2 (Roche, Germany). Cells
were washed in FACS buffer and stained with anti-CD8α-PerCP-Cy5.5 (BD Biosciences
Pharmingen) for 30mins on ice. After two washes, cells were fixed and permeabilized using
BD Cytofix/Cytoperm kit (BD Biosciences Pharmingen) according to manufacturer’s
instructions. Subsequently, cells were stained with anti-IFN-γ-FITC, anti-TNF-α-APC and
anti-IL-2-PE (BD Biosciences Pharmingen) for 30mins on ice. After two washes, cells were
analysed by flow cytometry using a FACSCalibur flow cytometer (BD Immunocytometry
Sustems, San Jose, CA).

Vβ staining of DbNP366+CD8+ and DbPA224+CD8+ T cells
Lymphocytes from spleens of primary or secondary mice were stained with either the
DbNP366-PE or DbPA224-PE tetramers for 1hr at room temperature. Cells were then washed
twice, stained with anti-CD8α-APC, and a panel of anti-Vβ mAbs conjugated to FITC, for
30mins at 4°C (all from BD Pharmingen, San Diego, CA, USA). After two washes,
lymphocytes were analyzed by flow cytometry.

Single cell RT-PCR and sequencing
CD8+ T cell-enriched lymphocyte populations were stained either with DbNP366-PE or
DbPA224-PE for 60 min at room temperature, followed by two washes in sort buffer. Cells
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were then stained with anti-CD8α-APC, and anti-Vβ8.3-FITC or anti-Vβ7-FITC mAbs for
DbNP366+CD8+ or DbPA224+CD8+ T cells respectively. Individual DbNP336+Vβ8.3+CD8+ or
DbPA224+Vβ7+CD8+ T cells were sorted, using a MoFlo sorter (Cytomation, Fort Collins, CO,
USA), into wells of a 96-well PCR plate (Eppendorf, Hamburg, Germany). Negative controls
were interspersed between the samples (1 in 10), and 80 cells were sorted per plate. cDNA
synthesis was performed in 5ql of cDNA reaction mix (10,11) for 90mins at 37°C, followed
by 5 min at 95°C. The Vβ8.3 and Vβ7 cDNA was then amplified by nested PCR, and the
purified PCR products sequenced (10,11).

Repertoire Analysis Statistics
We focused on a set of statistics to describe clonotype diversity within and between individuals
and clonotype sharing between individuals. The Simpson’s Diversity Index (D) (18,19) is

calculated as,  where ni is the number of individuals in the ith species and
N is the total number of individuals in the whole population. This is a measure of diversity,
and it is expressed as 1-D so that a higher number corresponds to a higher level of diversity.

To measure clonotype sharing, we have determined the proportion of sequences that are found
in a specific percentage of mice that have been examined. We developed it and refer to it as
PTICq (Proportion of TCRs in Common), with the q referring to the percentage of mice the

sequences must be found in. For example, the PTIC0.4 would be calculated as,  for all
sequences “n” where “n” is present in at least 40% (q) of the mice. Essentially, PTICq calculates
the proportion of clones that are shared, based on a given percentage of sharing, q.

Student’s t-tests were used to determine significance for all individual statistical comparisons.
For population-level comparisons of Simpson’s Diversity, we used EstimateS v 7.51 (20). The
statistics presented are generated by random sampling with replacement from our database of
wt primary and secondary DbNP366- and DbPA224-specific sequences, or the TdT sequences
determined in this study. The statistics represent the average Simpson’s Diversity Index of
sequences pooled from four mice generated by 10000 randomizations, in order to compare our
wt data directly with the four mice in each TdT−/− group.

Results
Existing TCR Vβ preferences are exacerbated in TdT−/− mice

A broad investigation of DbNP366- and DbPA224-specific CD8+ T cell repertoires in TdT−/−
mice was initiated to analyse profiles of TCR Vβ usage in wt and TdT−/− mice infected i.n
with the HKx31 influenza virus. Previous studies identified substantial yet distinct Vβ biases
in the DbNP366- and DbPA224-specific T cell responses, with Vβ8.3+ T cells constituting
around 30–50% of the DbNP366-specific response (21,22), and Vβ7+ cells comprising 50–65%
of the DbPA224-specific population (11,23). Interestingly, for both the DbNP366- and
DbPA224-specific sets, there was a significant increase (to 77% and 81%, respectively) in the
proportion of CD8+ T cells expressing the preferred Vβ8.3+ or Vβ7+ TCRs in TdT−/− mice
(Fig. 1). Thus, a clear narrowing in TCRβ diversity was already evident at this superficial level
of analysis.

CDR3β repertoire usage in TdT−/− mice
Single cell CDR3β sequencing was then used to analyse sorted CD8+Vβ8.3+DbNP366- and
CD8+Vβ7+DbPA224-specific cells from TdT−/− mice, for comparison with the extensive
database of wt DbNP366 and DbPA224 sequences that have been generated using the same
methodology (10,11,24). The results obtained following both primary (Tables I & II) and
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secondary (not shown) challenge were broadly comparable. Initial analysis of the DbNP366-
and DbPA224-specific CDR3β profiles from TdT−/−animals showed that the characteristic
modal CDR3β lengths (9 aa and 6 aa respectively) were maintained, as were the respective
preferences for Jβ2S2 and Jβ2S6 (however the contribution of Jβ1S4 was increased) (Tables
I & II) (2,10,11). Beyond that, though, there were major differences between wt and TdT−/−
mice for both the DbNP366- and DbPA224-specific repertoires.

Compared to the wt DbNP366-specific repertoire, which normally utilizes 5–10 clonotypes per
individual, the TdT−/− DbNP366-specific set was virtually clonal, with 95–100% of the Vβ8.3
+ response (which now constituted 77% of the DbNP366-specific repertoire) utilizing a single
CDR3β clonotype (SGGANTGQL). However, despite the extreme restriction at the amino acid
level, there was some diversity in the nucleotide usage with a total of 4 different nucleotide
sequences encoding the SGGANTGQL clonotype, and 2 encoding the SGGGNTGQL
sequence (Table III). Though the SGGANTGQL clonotype is often prominent in wt
DbNP366-specific responses (10), it is one of several such clonotypes, the remainder of which
were absent from the 8 TdT−/− animals tested. Interestingly, the only other CDR3β observed
in the TdT−/− mice (SGGGNTGQL) can be both dominant and public in wt responses, but it
was never a major component of the TdT−/− animals (Table I and data not shown).

In an attempt to explain this observation, detailed analysis was performed on the number of
different ways each of these normally public amino acid sequences can potentially be generated
in the presence (determined from a simulation of a random V(D)J recombination process in
which one million in-frame TCR sequences were generated (9)) or absence of N-region
addition. If both the number of different nucleotide sequences, as well as the number of ways
each nucleotide sequence can be generated (i.e. recombination mechanisms, referring to the
fact that certain nucleotides in a CDR3β sequence have the potential to be encoded by more
than one gene segment or by N-region addition (9)) are taken into account, SGGANTGQL,
SGGGNTGQL, and SGGSNTGQL can all be independently generated in a vast number of
different ways in wt mice (130, 80, and 60, respectively) (Table IV). This fact likely contributes
to the dominance and public nature of these clonotypes in the wt DbNP366-specific response
(9). In the absence of N-region addition, however, the SGGANTGQL clonotype, which is
prevalent in the TdT−/− responses, can be encoded by four different nucleotide sequences,
three of which can also be made by several different possible recombination mechanisms. The
SGGGNTGQL clonotype, which is less prevalent in the responses in the TdT−/− mice, can be
encoded by two germline-encoded nucleotide sequences but there is only one way that each
of these can be made (Table IV). The public SGGSNTGQL clonotype that is observed in wt
mice, but not the TdT−/− mice, cannot be made without at least one n-addition and can only
be made two ways(Table IV). Thus, it appears that the dominance of SGGANTGQL, and the
infrequency or absence, in TdT−/− mice, of the other two typically public DbNP366-specific
clonotypes, likely arises as a consequence of a shift in the precursor numbers of these
clonotypes due to their differential dependence on N-region addition.

While the CDR3β aa motifs associated with DbPA224-specific recognition were obviously
maintained in the TdT−/− repertoire, and several of these clonotypes could be identified in the
wt DbPA224-specific repertoires (11), some previously unidentified or rare clonotypes
dominated. Of the five public clonotypes (Table II, shown in bold) observed in the DbPA224-
specific repertoire in TdT−/− animals (note that SWGGEQ was not observed in all mice
following secondary infection), only three have been seen in wt DbPA224-specific repertoires
across multiple individuals (SLGERL 7/29 mice, SLGGEQ 9/29 mice, SLGAEQ 9/29 mice).
This suggests that the restriction imposed by a lack of TdT has forced the appearance and/or
dominance of typically rare clonotypes.
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CDR3β clonotype diversity and sharing in TdT−/− mice
The following analyses (Fig. 2) exploit two distinct approaches for assessing TCRβ diversity.
The first reflects diversity at a population level across all the mice that were analyzed, while
the second measures TCRβ diversity within those individuals. The “overall” analysis of
clonotype diversity at a population level showed that both the DbNP366- and DbPA224-specific
CTL repertoires were significantly more restricted in TdT−/− compared to wt animals
following both primary and secondary infection (Fig. 2A). Interestingly, however, while the
restriction in population diversity was also reflected within individuals for the DbNP366
repertoire (Fig. 2B, left panel), the spectrum of “within mouse” diversity was unchanged for
the DbPA224-specific repertoire between wt and TdT−/− animals (Fig. 2B, right panel),
reflecting that approximately 15–20 clonotypes were commonly observed in both cases (2,
11).

In order for DbPA224-specific overall diversity to be narrowed without a corresponding
restriction in individual diversity, the degree of clonotype sharing between individuals must
be increased (Fig. 3). In fact, the proportion of an individual’s response which was shared by
>40% of mice in the group (referred to as Proportion of TCRs in Common, or PTIC in Fig. 3)
was significantly enhanced for both the DbNP366- and DbPA224-specific repertoires in TdT−/
− mice, effectively ensuring the public nature of both responses. The increase for the
DbNP366 repertoire was primarily due to the fact that the repertoire was now clonal, while the
greater sharing in the TdT−/− DbPA224-specific repertoire was highlighted by the fact that 5
of 39 CDR3β sequences were observed in all 8 of the mice analysed (4 primary, 4 secondary)
(Table II). Such use of public clonotypes is never observed for the wt DbPA224-specific
response (11), with no single clonotype being observed in all mice analysed. Thus, while TdT
appeared to be dispensable for the generation of DbPA224-specific repertoire diversity within
any given individual, it was critical for maintaining TCR diversity within the population at
large.

TdT−/− DbNP366-specific CTL magnitude is selectively reduced at the site of infection
The DbNP366- and DbPA224-specific CD8+ T cell responses following influenza virus infection
of B6 mice have been well characterized (23,13,15,16). These epitopes elicit primary responses
of similar magnitude but, following secondary infection, the DbNP366-specific set dominates
by a factor of 5–10-fold. Given the severely restricted TCR clonotype usage in the TdT−/−
DbNP366-specific repertoire compared to the still relatively diverse Tdt−/− DbPA224 response,
it was of particular interest to determine whether there was any obvious difference in the
magnitude and/or functionality of these populations. Freshly isolated spleen and BAL cells
were analysed by tetramer staining following primary and secondary infection. No difference
in the magnitude of either epitope-specific response was observed for wt and TdT−/−spleen
populations (Fig. 4). However, the extent of DbNP366-specific CTL localization to the virus-
infected lung was significantly (p<0.05) diminished in the TdT−/− mice following both primary
and secondary challenge (Fig. 4). This effect was not observed for the more diverse
DbPA224-specific response, indicating that repertoire limitation can diminish effector T cell
magnitude in a site of pathogen-induced pathology. This effect may not just be a consequence
of restrictions within the TCRβ repertoire but may also reflect limitations within the TCRα
compartment.

DbNP366-specific, but not DbPA224-specific, CTL exhibit reduced avidity in TdT−/− mice
Did these differential effects of TdT deficiency on the diversity of the DbNP366-and
DbPA224-specific TCRβ repertoires in any way modify TCR avidity for the pMHCI complex?
The measurement of tetramer dissociation kinetics provides a reliable and highly relevant
measure of TCR/pMHCI avidity (15–17). Interestingly, irrespective of the stage of the immune
response to influenza virus infection analysed (primary acute, primary memory, and secondary
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acute), the DbNP366-specific CTL population from TdT−/− mice showed a substantially
enhanced TCR off-rate when compared to DbNP366-specific cells from wt mice (Fig. 5). On
the other hand, the relative off-rates for the DbPA224-specific populations were equivalent for
the two groups of mice (Fig. 5). Evidently the single clonotype (found in both wt and TdT−/−
mice) that dominates the CTL response to DbNP366 in the deficient animals is of lower TCR
avidity than the wt population overall. However, we did not determine whether this is solely
a consequence of the SGGANTGQL CDR3β profile, as there could also be differential
TCRα utilization. Furthermore, though we found evidence of reduced TCR avidity for the TdT
−/− DbNP366-specific set, this did not translate into different profiles of induced cytokine
production following short term in vitro stimulation with peptide (data not shown).

Discussion
As it has been shown previously that public T cell clonotypes generally contain fewer TdT-
mediated N-region additions than the population average (7,9), it might be thought that the
absence of TdT would be more likely to perturb a private CTL repertoire (DbPA224) than a
broadly public one (DbNP366). In fact the substantially public TCRVβ8.3 DbNP366-specific
response was greatly disrupted, promoting the emergence of only two clonotypes (identified
by CDR3β sequence) within or between individual mice. Furthermore, the one TCR
(SGGANTGQL) accounted for 95–100% of these Vβ8.3+ T cells, while other public TCRS
that are prevalent in wt animals were not found at all in the TdT−/− mice. This extreme skewing
of the selected DbNP366-specific TCR repertoire to SGGANTGQL has been described
previously following immunization of H2b TdT−/− mice with plasmid DNA encoding the
influenza nucleoprotein (7), though such priming was not shown to elicit the minority
SGGGNTGQL Vβ8.3 clonotype or the further 20% or so of tetramer+ T cells that did not
express a Vβ8.3 TCR but were elicited here by active infection. Overall, these findings
demonstrate that, while a lack of dependence on N-region addition could potentially increase
the likelihood of a clonotype being public, it cannot account for all public clonotypes, or even
the majority of TCRVβ8.3 DbNP366-specific public TCRs.

It has been suggested that the emergence of particular TCRβ clonotypes as dominant and public
in an epitope-specific T cell response is linked to structural qualities which confer optimal
recognition of the specific pMHC (25,26). This does not appear to be the case for the epitope-
specific responses studied here. The lack of any “public advantage” is exemplified with the
SGGGNTGQL clonotype, which can be generated in the absence of N-region addition, but is
a minor component of the response in TdT−/−mice. Furthermore, the extreme selection of the
low avidity SGGANTGQL clonotype in the TdT−/−DbNP366-specific repertoire also argues
against this being a superior ‘fit’ for DbNP366. It also suggests that avidity does not play a
substantial role in determining clonotype abundance following influenza virus infection. This
seems to contradict studies in which clonal dominance for EBV and CMV viral epitopes has
been correlated directly with TCR/pMHCI avidity (27,28). However, unlike the influenza A
virus, EBV and CMV both persist so that the continued, or sporadic, emergence of antigen
may well facilitate the progressive enrichment of high avidity T cells. Conversely, increasing
the precursor frequency for low avidity CTLs has been shown to abrogate the preferential
expansion of high avidity T cells when both populations are present at the same frequency
(29). Perhaps higher precursor frequency of the low avidity SGGANTGQL in the naïve pool
of the TdT−/− mice may explain the later dominance in the immune repertoire. This is certainly
supported by the finding that the number of recombination mechanisms which can be used to
generate a particular nucleotide sequence correlated with the prevalence of a particular amino
acid clonotype in the immune response in both wt (9) and TdT−/− mice. Together, it seems
likely that whether a particular TCR emerges as public in any given set of responses is simply
a matter of its capacity to achieve a sufficient “fit” with the pMHC complex, and its prevalence
in the naïve repertoire.
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The observation that the TdT−/− DbPA224-specific repertoire diversity was significantly
decreased overall, while remaining unchanged within individuals was particularly intriguing.
Apparently the extent of diversity within the naive DbPA224-specific CTL pool confers an
inherent plasticity on the responding repertoire. That is, there is sufficient naïve DbPA224-
specific TCR diversity such that elimination of clonotypes requiring N-region addition does
not significantly restrict the response spectrum within individuals. However, these clonotypes
must also be repeated at much higher prevalence in the naïve repertoires of different TdT −/−
mice, ensuring diminished diversity at the host population level.

The fact that the varied and private TCR repertoire normally induced by DbPA224 assumed a
substantially public character in the TdT−/− mice supports the view that the generation of
essentially private TCR repertoires is heavily dependent on TdT-mediated N-region additions.
The homogenisation of the response between mice that is a consequence of the lack of N-region
diversity could potentially limit the capacity to control virus escape mutants at the population
level. Certainly, there is evidence that such MHC allele-restricted virus selection can occur for
large populations (30,31), while recent studies suggest that limited repertoire diversity
facilitates virus escape within individuals (32,33).

Furthermore, the relative importance of private versus public TCR repertoires has been directly
demonstrated for “heterologous immunity”, defined as the reactivation of memory T cells
generated by an earlier infection in response to subsequent exposure to a seemingly unrelated
virus (34). Adoptive transfer of LCMV-immune splenocytes from one individual into multiple,
naive recipients that were then infected with vaccinia virus elegantly demonstrated that the
extent of cross-reactivity to a newly encountered vaccinia epitope was a function of private,
rather than public, LCMV-specific TCR specificities (35,36). Since heterologous immune
responses are likely to be generally beneficial (36–38), the prevalence of TCR repertoires that
are private for individuals has the potential to increase the diversity of response profiles for
any given population, an effect that presumably enhances overall fitness. Taken together with
the possibility (discussed above) that the extent of epitope-specific TCR repertoire diversity
both within and between individuals is likely to minimise the emergence of viral escape mutants
(32,33), it seems likely that the TdT mechanism that facilitates the emergence of private TCR
repertoires is advantageous in the evolutionary sense.
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Figure 1. Vβ bias within DbNP366+CD8+ and DbPA224+CD8+ T cells in TdT−/− mice
Vβ usage within DbNP366+CD8+ and DbPA224+CD8+ T cell populations was compared for B6
and TdT−/− mice at d10 following primary influenza virus infection. Splenocytes were stained
with DbNP366 or DbPA224 tetramers, and anti-CD8α and anti-Vβ mAbs. Tetramer+ CD8+ cells
were analysed for the spectrum of Vβ usage. Data from 4 to 5 mice per group are expressed
as a pie chart with the mean±SD of the dominant Vβ shown. * statistical comparisons are made
for the dominant Vβ usage between wt and TdT−/− groups.
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Figure 2. CDR3β clonotypic diversity in TdT−/− mice
Individual CD8+Vβ8.3+DbNP366+ or CD8+Vβ7+DbPA224+ cells were sorted from wt or TdT
−/−splenocytes harvested at acute primary (d10) or secondary (d8) timepoints after infection.
mRNA was reverse transcribed followed by nested Vβ8.3 or Vβ7 specific PCR. PCR products
were purifed and sequenced and individual clonotypes defined according to CDR3β sequence.
Clonotypic diversity across all sequences (A) and within individuals (B) was measured using
Simpson’s Diversity Index and statistical analyses were performed using Student’s t-test.
*p<0.02, **p<0.0005.
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Figure 3. Degree of CDR3β clonotype sharing in TdT−/− mice
For CDR3β sequencing details, see legend to Figure 2. The proportion of TCRs in common
(PTIC) shows the proportion of the clonotypic response from individual mice which are shared
by at least 40% of mice sampled. Statistical analyses were performed using Student’s t-test.
*p<0.02, **p<0.0005. *p<0.001, **p<0.0001.
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Figure 4. Magnitude of epitope-specific CD8+ T cells in TdT−/− mice
Naïve mice were either infected i.n. (1°, d10) or i.p (1°, d34), while PR8-immune B6 mice
were infected i.n. (2°, d8) (see Materials and Methods), to analyze various phases of the immune
response. Enriched splenocytes and BAL cells were stained with DbNP366-PE or DbPA224-PE
tetramer, followed by anti-CD8α-FITC. Shown are the total numbers of CD8+ tetramer+ cells,
calculated from the cell counts per organ and the % cells staining. * p< 0.05 using a two-tailed
Student’s t-test, comparing wt and TdT−/− responses.
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Figure 5. Avidity of influenza-specific CD8+ T cells in TdT−/− mice
The kinetics of tetramer dissociation for splenic CD8+ T cells were analysed directly ex vivo
on d10 after primary i.n. infection with the HKx31virus (1° d10) (n=5), on d33 after priming
i.p. with PR8 to establish memory (1° d33) (n=3), or on d8 after secondary i.n. challenge with
HKx31 (2° d8) (n=3). Enriched CD8+ T cells were stained with the DbNP366-PE or
DbPA224-PE tetramer for 1h at room temperature. Cells were washed and incubated for
designated times at 37°C in the presence of mAb to H-2Db, before co-staining with anti-
CD8α-FITC. Shown are CD8+ tetramer+ cells expressed as a percentage of the maximum
binding observed at time 0.
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