letters to nature

processing. In one case, spikes from a putative interneuron and a putative pyramidal cell
were recorded simultaneously and, after labelling, a parvalbumin-positive basket cell and a
pyramidal cell were recovered. The interneuron was more strongly modulated by the
current steps and was also more strongly labelled than the pyramidal cell.

Anatomical and immunohistochemical visualization

The rats were perfused with fixative 4 h after labelling. Immunofluorescence and
peroxidase reactions for light microscopy and electron microscopy were performed as
described previously'®*. Antibodies against parvalbumin, CCK, somatostatin and
mGluR7a were gifts from K. Baimbridge, A. Varro, A. Buchan and R. Shigemoto,
respectively; antibodies against mGluR1 were obtained from DiaSorin. The specificity of
these antibodies is discussed elsewhere™.

Data analysis

Theta epochs were detected by calculating the theta (3—6 Hz) to delta (2-3 Hz) frequency
power ratio in 2-s windows of the LFP®. A ratio greater than four in at least three
consecutive windows marked theta episodes, and a ratio less than two in at least three
consecutive windows indicated epochs that are called non-theta/non-sharp-wave periods,
which lacked field ripples. Non-theta/non-sharp-wave periods contained oscillations of
1 Hz and/or 2-3 Hz, but were not further analysed in this study, owing to the larger
variability in cell activity. To determine the phase relationship between single-cell and
theta activity, the troughs of the theta oscillations were detected in the filtered signal
(3-6 Hz). Each spike was assigned to a given phase (bin size 20°) between the troughs (0°
and 360°) and all theta cycles were superimposed”. Theta phase was analysed using circular
statistics™.

The LFP was filtered at 90-140 Hz for the detection of sharp-wave-associated ripples
and the power (r.m.s. amplitude) of the filtered signal was calculated in 10-ms windows”.
The threshold for ripple detection was set to 5s.d. above the mean power. The beginning
and the end of the sharp wave were set where the power crossed 1s.d. above the mean
power. The maximum amplitude of the oscillation was detected by a peak-finding
algorithm. To evaluate the firing pattern of a single neuron during sharp waves, ripple
episodes were normalized. Because sharp waves are often not symmetrical, the periods
between the beginning and the ripple maximum, and the ripple maximum and the end of
the sharp-wave episodes were each divided into four bins, and spikes were sorted into bins.
To test whether potential correlations of firing patterns with sharp waves arose by chance,
for each cell the exact number and duration of observed sharp-wave windows were
randomly shuffled over the period of non-theta/non-sharp-wave epoch, and the spikes
detected in the windows were binned. A neuron was considered to be a ‘single peak’ cell if
the number of spikes in six bins surrounding the ripple maximum was higher in the
observed sharp-wave correlogram than the mean + 2 s.d. from 100 shuffled correlograms.
For anti-sharp-wave cells the number of spikes in six bins surrounding the ripple
maximum was lower in the observed sharp wave correlogram than the mean — 2s.d. from
100 shuffled correlograms. For biphasic neurons, the number of spikes in four bins
surrounding the beginning of the sharp wave was higher in the observed sharp-wave
correlogram than the mean + 1s.d. from 100 shuffled correlograms, and the number of
spikes in ten consecutive bins, starting from the fourth bin of the sharp wave, was lower in
the observed sharp waves than the mean — 2 s.d. of the respective bins from 100 shuffled
correlograms. The discharge frequency of single cells during three different brain states
(theta, sharp-wave and non-theta/non-sharp-wave) was calculated by dividing the
number of spikes with the summed duration of the respective brain state.
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Gene redundancy has been observed in yeast, plant and human
genomes, and is thought to be a consequence of whole-genome
duplications'™. Baker’s yeast, Saccharomyces cerevisiae, contains
several hundred duplicated genes'. Duplication(s) could have
occurred before or after a given speciation. To understand the
evolution of the yeast genome, we analysed orthologues of some
of these genes in several related yeast species. On the basis of the
inferred phylogeny of each set of genes, we were able to deduce
whether the gene duplicated and/or specialized before or after
the divergence of two yeast lineages. Here we show that the gene
duplications might have occurred as a single event, and that it
probably took place before the Saccharomyces and Kluyveromyces
lineages diverged from each other. Further evolution of each
duplicated gene pair—such as specialization or differentiation of
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the two copies, or deletion of a single copy—has taken place
independently throughout the evolution of these species.

Most genomes show a high degree of redundancy*, which can
arise from single-gene duplications, duplications of short chromo-
somal segments or of entire chromosomes, or by duplication of the
entire genome. All of these events are believed to play an important
part in biological evolution’. Two genes derived from a gene
duplication are said to be paralogous. One of the paralogues is
often subsequently deleted from the genome. Rarely, paralogues are
preserved because they differentiate and become functionally
specialized. In the fruitfly, the nematode worm and the fission
yeast genomes, most paralogous genes are dispersed. In contrast,
duplicated genes in the yeast S. cerevisiae', the plant Arabidopsis
thaliana®, and in humans, Homo sapiens’, often occur in large
segmental duplications in which members of homologous gene
pairs are located in the same order along the two distinct segments
and are sporadically interspersed with unique genes.

Owing to its small size, high gene density and a paucity of
introns®, the S. cerevisiae genome is ideal for studying the origins
of genome redundancy. Since their discovery™'’, the origin of
duplicated blocks of genes in the yeast genome has been contro-
versial. A single genome duplication followed by partial deletions
has been proposed as the origin of the duplicated S. cerevisiae
regions/blocks', which consist of 655 duplicated genes''. However, a
series of continuous, smaller duplications'?, or a combination of
both types of event'>'* could result in a similar genome configur-
ation. A recent detailed analysis of the chromosomal gene order in
several partially sequenced ascomycetous yeasts'> showed that
three-quarters of the S. cerevisiae genome consists of ‘sister regions’
originating from the ancient duplicated segments'®. The conserva-
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Figure 1 Phylogenetic relationship among different yeasts and among genes homologous
to the duplicated S. cerevisiae genes. a, A schematic phylogenetic tree adapted from
ref. 17. b, A yeast gene, homologous to the S. cerevisiae duplicated gene pair, can either
be grouped with one of the duplicated genes (type A), or be outside the duplicated gene
pair (type B). In the first case, the duplication or differentiation/specialization took place
(see arrow) before the S. cerevisiae lineages and the studied yeast separated. In the
case of tree type B, the duplication or differentiation/specialization event took place (see
arrow) after separation of the lineages.
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tion of transcriptional orientation of duplicated gene pairs with
respect to the centromere, the lack of triplicated regions, and pairing
of the S. cerevisiae centromeres, strongly support the hypothesis of
the whole-genome duplication™'¢. However, the timing of the
whole-genome duplication and the subsequent fate of duplicated
genes remain unclear.

We determined, and analysed, the sequence of genes orthologous
to some duplicated S. cerevisiae genes from several yeast species.
These species were selected on the basis of their phylogenetic
relationship with S. cerevisiae (ref. 17; Fig. la). Saccharomyces
bayanus, a sensu stricto species, is one of the closest relatives of
S. cerevisiae'”. Saccharomyces castellii, a sensu lato species, branched
out before the S. cerevisiae and S. bayanus lineages separated. These
three yeasts can generate respiratory deficient mutants (petite-
positive phenotype), can grow anaerobically, and in general posses
very similar physiological properties'®. In contrast, Saccharomyces
kluyveri and Kluyveromyces lactis are petite-negative, and have a
somewhat different metabolism; S. kluyveri can also grow anaero-
bically, but exhibits weaker glucose repression of the respiratory
pathway'>; K. lactis is the least related'’ to S. cerevisiae, and can only
grow aerobically’'. Candida albicans, the fifth species used in our
analysis, is not a very close relative of the other species we analysed"”.
Thirty-eight genes, covering almost half of the 52 duplicated blocks
in the S. cerevisiae genome'' and representing one-tenth of the total
number of the S. cerevisiae duplicated genes, were analysed for their
phylogenetic relationship (Table 1, Fig. 1b). We assumed that only a
negligible horizontal transfer of the genetic material has occurred
after separation of these yeasts, because, in general, the gene
phylogenetic trees recapitulated the species phylogeny.

When a gene from one of the yeast species was compared with the
pair of duplicated S. cerevisiae genes, two different types of phylo-
genetic tree could be obtained, depending on whether the
S. cerevisiae gene pair was duplicated and/or differentiated before
or after the species carrying the gene in question separated from the
S. cerevisiae lineage (Fig. 1b). If a gene grouped with one of
the S. cerevisiae paralogues (tree type A; Fig. 1b), we inferred that
the duplication or gene specialization event in S. cerevisiae took
place before the separation of the yeast lineages, and therefore this
gene is of type A. If a gene was positioned outside the duplicated
S. cerevisiae gene pair (tree type B; Fig. 1b), we inferred that
speciation of the two yeast lineages took place before the gene
duplication or specialization event. Surprisingly, all species con-
tained a mixture of A- and B-type genes (Table 1). The proportion
of A-type genes decreased as the genetic distance between
S. cerevisiae and the analysed yeast species became greater, being
95% for S. bayanus, 81% for S. castellii, 58% for S. kluyveri, 28% for
K. lactis and 3% for C. albicans. Apparently, the organization of the
duplicated blocks and genes is very similar between S. cerevisiae and
S. bayanus, whereas C. albicans seems to be a pre-duplication
lineage. The branch-position of a majority of C. albicans gene
sequences agrees with the phylogenetic relationship among studied
yeast species. However, in a few cases (for example, the GUP gene)
the position is embedded within the tree, suggesting a limited
horizontal transfer.

In general, the switch from B type to A type for a certain gene is
highly ordered, and the gene status in each species is a function of
the phylogenetic relationship among the studied species. In other
words, all A-type genes found in K. lactis are also of A type in the
other yeasts, all of which are more closely related to S. cerevisiae;
all S. kluyveri A-type genes are also of A type in S. bayanus and
S. castellii; and the same rule applies for all S. castellii A-type genes.
Once a yeast lineage acquired a gene of A type, the nature of this
gene was preserved in all descending lineages. In addition, among
the duplication blocks, which were represented by more than one
gene (block 2, 8, 11, 23, 30, 34, 37, 43, 46 and 54), roughly 40%
consisted of an A-type gene and a B-type gene in at least one
species. For example, block 23 was represented by two gene pairs,
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Table 1 Phylogenetic analysis of genes, homologous to selected S. cerevisiae paralogues

S. cerevisiae Tree type
Block Gene Systematic Gene Systematic S. b. S. ca. S. k. K. I C. a
2 MYO4 YAL029C - MYO2 YOR326W A A A - n.r.
2 CDC19/PYK1 YALO38W - PYK2 YOR347C A A A A n.r.
3 BAP2 YBR068C - BAP3 YDR046C A A B - -
8 SMyY2 YBR172C - YPL105C YPL105C A A A B B
8 SSE2 YBR169C - SSET YPL106C A A A - B
10 PHO87 YCR0O37C - PHO90 YJL198W A B B - B
11 CIT2 YCR005C - CIT1 YNROO1C A A A B*
11 ADY?2 YCRO10C - FUN34 YNR002C A A B - B
1 ARET YCR0O48W - ARE2 YNRO19W A A A - B
1 SOL2 YCRO73WA - SOL1 YNRO34W A A A* - B
21 SIR2 YDLO42C - HST1 YOLO68C A A* B B B
22 AKR1 YDR264C - AKR2 YOR034C A A A A B
23 EFT2 YDR385W - EFT1 YOR133W B B B - B
23 PDR15 YDR406W - PDR5 YOR153W A A n.r. B B
27 RPS24A YERO74W - RPS24B YILOB9C B B B B B
28 GEA2 YELO22W - GEAT YJRO31C A A - - B
29 GND2 YGR256W - GND1 YHR183W A A - B B
30 GSC2/GLS2 YGRO32W - FKS1/GLS1 YLR342W A B* B* - B
30 YGR043C YGR043C - TALT YLR354C A A A* A* B
33 GUP1 YGL084C - GUP2 YPL189W A A A A A
34 DBF2 YGR092W - DBF20 YPR111W A n.r. B B B
34 RPS23A YGR118W - RPS23B YPR132W A B* B B B
37 TOM71/TOM72 YHR117W - TOM70 YNL121C A A A - B
37 YCK1 YHR135C - YCK2 YNL154C A A - B B
38 UBP7 YIL156W - UBP11 YKR098C A A A - B
39 SEC24 YIL109C - SFB2 YNLO49C A A A - B
42 YJRO61W YJRO61W - MNN4 YKL201C A A B B B
43 GFA1 YKL104C - YMR0O85W YMRO85W A A A - n.r
YMR0O84W YMRO84W
43 YKL133C YKL133C - YMR115W YMR115W A A A - B*
45 EXG1 YLR300W - SPR1 YOR190W A A A B B
46 BUL2 YML111W - BUL1 YMR275C A A B - B
46 ATR1 YML116W - YMR279C YMR279C A A* A* - B
49 CLA4 YNL298W - SKM1 YOL113W A A - - B
50 YNL108C YNL108C - TFC7 YOR110W A A A - B
54 RPL13A YDLO82W - RPL13B YMR142C A B B B B
54 RPS16B YDL0O83C - RPS16A YMR143W A B B B B
Possible PET9/AAC2 YBLO30C - AAC3 YBRO85W A A* B* B* B*
Possible STP1 YDR463W - STP2 YHROOBW A A A - -

The block numbers, the genes contained within them and the chromosome location can be found at http://wolfe.gen.tcd.ie and inref. 11. For definition of tree type, see Fig. 1b. Further details of the analysis
can be found in Methods; further details of the employed sequences, including the accession numbers, and the phylogenetic trees are available as Supplementary Information. Genes, where relevant
branches were supported by bootstrap values of at least 750 out of 1,000, were either designated as A or B type, or in the case that the relevant branch was supported by values of 500-749 out of 1,000, as
A*or B*type. S. b., S. bayanus; S. ca., S. castellii; S. k., S. kluyveri; K. I., K. lactis; C. a., C. albicans; n.r., not resolved; -, sequences not available.

EFTI1/EFT2 and PDRI5/PDR5, but these two genes gave different
tree types in S. bayanus and S. castellii (Table 1). Therefore, the fate
of the duplicated genes has apparently not been the same, and there
must have been an element of asynchrony during the evolutionary
history of the yeast genome.

The asynchrony could be a consequence of serial duplications
that took place continuously over a long period of time'>. However,
the organization and relative location of all the duplicated blocks in
S. cerevisiae' and the chromosomal gene order in several related
species'® argue against this proposal, although the occurrence of
small serial duplications and deletions is likely to have a minor role
during the evolution of the Saccharomyces yeasts'>'**>**. Another
explanation for the phylogenetic asynchrony observed among the
analysed genes is that different gene pairs differentiated and
specialized at different time points after the genome duplication.

In our present model (Fig. 2), we propose that a whole-genome
duplication took place in the progenitor of the modern Sacchar-
omyces and Kluyveromyces yeast lineages. Assuming a constant
molecular clock for the 18S ribosomal RNA upon divergence of
the Ascomycota and Basidiomycota about 550 million years ago*,
the duplication event is estimated to have taken place about 150
million years ago. This event provided the basis for speciation of
different yeast lineages and for development of new metabolic life
styles, including the ability of facultative fermentation, anaerobic
growth, and repression by glucose'*. However, during the era that
passed until both copies of any pair had evolved enough to become
indispensable for the genome, most paralogous gene pairs lost one
of the copies. In addition, separation of different lineages often
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occurred faster than the gene-pair differentiation/specialization
process (Fig. 2). We need to take into account that the acquisition
of a new function of a duplicated gene boosted accumulation of
mutations, especially non-synonymous ones. We imagine that the
predominantly A-type genes in Table 1 are those that specialized
very soon after the duplication (for example, CIT1/2, PYKI/2,
AKRI1/2, TAL1/YGR043C and GUPI1/2; Table 1, Fig. 2). Predomi-
nantly B-type genes would be those that retained the same function
as their duplicated partner for a longer period, and which probably
regularly exchanged sequence through gene conversion (for ex-
ample, PHO87/90, RPS23A/B, BUL1/2 and RPL13A/B) and did not
specialize until a majority of lineages had speciated. The presence of
both A- and B-type genes within the same block is also a relic of the
asynchronous gene specialization process.

We note that our model (Fig. 2) does not contradict the
observations used as the basis for the previously presented models
of single-genome duplication'® and for a series of continuous
duplications'. The ancient genome duplication, asynchronous
differentiation and deletion of genes have been accompanied by
several other events, like extensive micro- and macro-reorganiz-
ation of the chromosomes" and minor duplication events**?’,
which have reshaped the yeast genomes into the contemporary
forms. Initially, the number of centromeres was doubled, but only
the S. cerevisiae and S. bayanus lineage retained the double chromo-
some number; other lineages apparently lost some of the duplicated
centromeres during extensive chromosome reorganizations. A
whole-genome duplication followed by asynchronous differen-
tiation/deletion events, like that proposed here, might also explain

NATURE | VOL 421 | 20 FEBRUARY 2003 | www.nature.com/nature




> R TU,
D o ams v

—+—+

Speciation and
]further deletion /
and differentiation

NO'R R TUV N

1o
1T
1o
TR
_|
<

o QRS TUY o

/

further deletion
and differentiation

NO'P QR

]Speciation and

TUV

NO" QR'STUV

Deletion and
differentiation

NOPQRSTUV
+——t——t—t—t

NOPQRSTUV

/ Speciation

NQPORSTUV@

Duplication ‘
NOPQRSTUYV
+——

b Soeci
Gene or pecies
gene pair Il 1] \%
o A A B
R A A B
T A B B
U B B B

Figure 2 The origins of the modern yeast genomes. Shown are a genome duplication
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duplicated genes (a), and the phylogenetic relationship among the duplicated gene pairs
of yeast | and the homologous genes from other lineages, I-V (b). The contemporary
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A- and B-type genes.

the reshaping of the genome and chromosomes of other species,
including humans. O

Methods

Homologues/orthologues of the duplicated genes

Sequences of S. bayanus 623-6C, S. castellii CBS 4309, S. kluyveri CBS 3082 and K. lactis
CLIB 210 genes, homologous to the S. cerevisiae duplicated genes'', were obtained by
further sequencing of the partially sequenced plasmid clones obtained from the
Génolevures project”, cloning and sequencing from genomic libraries", and assembly of
whole-genome shotgun sequences obtained at the Genome Sequencing Center of
Washington University, St Louis”. C. albicans, Schizosaccharomyces pombe and other
fungal sequences were obtained from GenBank and different sequencing projects. Over
half of the analysed genes, originating from our project and the Génolevures sequencing
project, have previously been analysed for the preservation of the ancient gene order'>".
Cloned chromosome segments from different yeast species have had both ends sequenced
and analysed for homology with the S. cerevisiae genes. If the orientation and the distance
between the two genes originating from the same fragment has been preserved in both
species, the pair has been considered as syntenic, and the observed situation is likely to
reflect the configuration of these genes in the progenitor. Close to 100% of S. bayanus
genes have exhibited synteny with S. cerevisiae, over 70% of sensu lato species genes, and
over half of the analysed S. kluyveri and K. lactis genes'>". The detected synteny provides
further evidence that a certain gene is a true orthologue in the analysed species. In the case
of C. albicans, homologues were often obtained from the open reading frame translations
(Assembly 6) obtained from the Candida albicans sequencing project (Stanford Genome
Technology Center website at http://www-sequence.stanford.edu/group/candida).
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Sequences obtained as hits using duplicated S. cerevisiae genes as queries in BLASTX
searches (provided that the E values for these hits were less than 10 1) were further
analysed. Therefore, often a couple or more sequences from a single species were included
in the analysis. In the case of an ancient gene duplication, presumably taking place before
the separation of the C. albicans and Saccharomyces/Kluyveromyces lineages, the whole
family of duplicated S. cerevisiae genes was included in the analysis (for example, see the
analysis of the CIT genes in Supplementary Information). In such cases, the gene
originating from the ancient duplication always represented the outer group.

Sequence analysis

The sequences, usually the whole open reading frames of each gene, were aligned using
ClustalX 1.8 (ref. 26), and BioEdit*” was used for editing (details in Supplementary
Information). Phylogenetic analysis, preferentially on the longest alignments, was carried
out using both ClustalX 1.8 (neighbour joining (NJ) method, Poisson correction for
distance estimation) and drawn using Tree View (Win32) 1.6.1 (ref. 28), and TREECON
1.3 b (based on clustering with UPGMA (unweighted pair group method using arithmetic
averages) and the NJ method)®. A minimum of 150 amino acids (aa) were used in
alignments, with the exception of 142 aa from ADY2/FUN34. For genes encoding
ribosomal proteins, nucleotide sequences were aligned, and in the case of RPS16, RPS23
and RPS24, only 408, 438 and 351 nucleotides, respectively, were aligned (corresponding
to 136 aa, 146 aa and 117 aa). Genes from the phylogenetic analysis, where relevant
branches were supported by bootstrap values of at least 750 out of 1,000, were either
designated as A or B type, or, in the case that the relevant branch was supported by values
of 500-749 out of 1,000, as A* or B* type (Table 1). n.r. (not resolved) indicates cases
having bootstrap values lower than 500, or when different methods gave different tree
types. ‘-5 indicates sequences not available. Further details on the phylogenetic analysis
and additional observations can be found in Supplementary Information and in ref. 30.
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CD4™ T cells are required for
secondary expansion and
memory in CD8™ T lymphocytes
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A long-standing paradox in cellular immunology concerns the
conditional requirement for CD4* T-helper (Ty) cells in the
priming of cytotoxic CD8" T lymphocyte (CTL) responses
in vivo. Whereas CTL responses against certain viruses can be
primed in the absence of CD4% T cells, others, such as those
mediated through ‘cross-priming’ by host antigen-presenting
cells, are dependent on Ty cells'™. A clearer understanding of
the contribution of Ty cells to CTL development has been
hampered by the fact that most Ty-independent responses have
been demonstrated ex vivo as primary cytotoxic effectors,
whereas Ty-dependent responses generally require secondary
in vitro re-stimulation for their detection. Here, we have mon-
itored the primary and secondary responses of Ty-dependent
and Ty-independent CTLs and find in both cases that CD4*
T cells are dispensable for primary expansion of CD8* T cells and
their differentiation into cytotoxic effectors. However, secondary
CTL expansion (that is, a secondary response upon re-encounter
with antigen) is wholly dependent on the presence of Ty cells
during, but not after, priming. Our results demonstrate that T-cell
help is ‘programmed’ into CD8" T cells during priming, confer-
ring on these cells a hallmark of immune response memory: the
capacity for functional expansion on re-encounter with antigen.
After exposure to antigen in vivo, CD8" T-cell responses proceed
through an ordered sequence of developmental events. These
include an initial expansion phase in which a significant number
of cytotoxic effectors are generated, and a subsequent contraction
phase in which about 90% of these die, leaving a stable population
of memory cells able to mount a rapid secondary response to
antigen’. Although transition through these stages was thought to
be governed by the presence and eventual elimination of antigen,
mounting evidence suggests that CD8" T-cell development is
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guided by an instructional programme that, once set into motion
during priming, is executed independently®. The role of Ty cells
in initiating and promoting the programmed development of CD8*
T cells in vivo is poorly understood. Early in vitro studies gave rise to
models in which help is mediated by paracrine cytokines produced
by Ty cells'®. Recent work, however, has focused on the role of CDh4™
T cells in activating antigen-presenting cells (APCs) from an
immature state in which they are unable to prime CTLs to a state
in which they can do so autonomously™'"'">. Ty-independent anti-
gens such as viruses are thought to prime CTLs by achieving a
functionally equivalent degree of APC activation as that produced by
Ty cells, either through direct infection or provoking inflammatory
host responses'>'*. Although this model provides a possible expla-
nation for the conditional nature of T-cell help for CTL responses, it
does not address which aspects of CD8" development (for example,
primary expansion, functional differentiation, or memory) are
regulated by CD4™" T cells. We have now investigated this question
for both Ty;-dependent and Ty-independent CTL responses.
Immunization of C57BL/6 mice with syngeneic human adeno-
virus type 5 El-transformed Tap '~ mouse embryo cells (Tap '~
5E1 MECs) induces a prototypical Ty-dependent, CD8" T-cell
response through cross-priming'®. Depletion of CD4™ cells before
immunization blocks the development of E1B(192-200)-peptide-
specific CTLs after secondary in vitro re-stimulation 14 days later’.
To investigate whether the absence of Ty cells abrogates primary
expansion, the frequency of interferon-y (IFN-y)" effector CD8*
T cells was monitored directly ex vivo at weekly intervals after
immunization of intact (wild type) or CD4-depleted mice. The
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Figure 1 Functional expansion of T-helper (T},) cell-dependent CD8™ T cells cross-primed
in the absence of CD4™ T-cell help. a, b, The frequency of interferon-y (IFN-y)™
E1B(192—200)-specific CD8™ T cells detected in the spleens of Tap ™/~ Ad5E1-
immunized normal (WT) (a) or CD4-depleted (b) mice on stimulation with E1B(192—200)
peptide. (Control peptide-stimulated responses were <<0.01% of total splenocytes.) The
value under each panel represents the percentage of total cells that are positive for IFN-y.
¢, Percentage of IFN-y+ E1B(192-200)-specific CD8™ cells in the spleen of normal (filled
circles) and CD4-depleted (open circles) mice at various time points after immunization.
d, Comparable functional avidity of E1B(192-200)-specific IFN-y ™ CD8™ cells of normal
(filled circles) and CD4-depleted (open circles) mice after stimulation with titrated
concentrations of E1B(192—200) peptide. Results are displayed as mean = s.e.m.
(n= 6) and are representative of three experiments.
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