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Extended Data Fig. 7 | Sorted CD8+ T cell subsets show unique differentiation, 
proliferation and activation after metabolic perturbations and in vitro 
stimulation. a, Experimental setup for the in vitro stimulation assay with sorted 
CD8+ T cell subsets (CD62L+CD45RA+CD95− TNM, CD62L+CD45RA+CD95+ TSCM, 
CD62L+CD45RA− TCM, CD62L−CD45RA− TEM, CD62L−CD45RA+ TE cells) as input.  
b, Absolute cell counts of living unstimulated and stimulated lymphocytes  
with and without metabolic perturbation for the indicated sorted input  
CD8+ T cell subsets (defined in a) determined by flow cytometry. Counts were 
normalized to the respective CO samples. n = 9 donors from two experiments. 
Statistics, two-way ANOVA with Tukey’s multiple comparisons test. c, T cell 
subset (defined in a) distribution among living lymphocytes in the indicated 
sorted input populations before stimulation (0 h) or in CO samples after  
72 h of incubation with or without stimulation analyzed by flow cytometry.  
Representative plots (top, middle) and quantification (bottom) over time  

and input population as indicated. Bars, mean and SEM. n = 9 donors from  
two experiments. Statistics, two-sided permanova comparing the timepoints 
for each input population (2 groups, 999 permutations). d, T cell subset 
(defined in a) distribution among living lymphocytes determined as in c after 
72 h with or without stimulation in the presence or absence of metabolic 
perturbations. Bars, mean and SEM. n = 9 donors from two experiments. 
Statistics, two-sided permanova comparing the metabolic perturbations  
within each input population and stimulation condition among each other  
(2 groups per comparison, 999 permutations). e, Representative plots (left) 
and quantification (right) of CD69 and CD137 expression in living lymphocytes 
of the sorted input populations before stimulation (0 h) or in 72h-stimulated 
or unstimulated cells with and without metabolic perturbations determined by 
flow cytometry. n = 9 donors from two experiments. Statistics, Kruskal-Wallis 
test with Dunn’s multiple comparisons test.
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Extended Data Fig. 8 | CD8+ T cell phenotypic subsets contain metabolic 
subpopulations. a, clCasp-3 expression in A2/NS4B−CD8+ T cell subsets 
(CD62L+CD45RA+CD95− TNM, CD62L+CD45RA+CD95+ TSCM, CD62L+CD45RA− TCM, 
CD62L−CD45RA− TEM, CD62L−CD45RA+ TE cells) post-YFV vaccination by flow 
cytometry. n = 20-38 donors. Statistics, two-way ANOVA with Šídák’s multiple 
comparisons test. b, Viability dye staining in cryopreserved A2/NS4B+clCasp-
3hiCD8+, A2/NS4B+clCasp-3loCD8+ T cells and dead cells (viability dyehiCD4−CD5
6−CD19−CD8+ lymphocytes) at day 14 post-YFV vaccination. n = 25 donors. Line, 
median. Statistics, two-sided tailed Friedman test. c,d, clCasp-3 expression in 
CD38−HLA-DR−CD8+ (non-reactive) and CD38+HLA-DR+CD8+ (reactive) T cells 
(left) and CD38+HLA-DR+CD8+ T cell subsets (defined in a; right) on day 14 post-
YFV vaccination analyzed by flow cytometry in cryopreserved samples (c) and 
whole blood samples (d). (c) n = 46; (d) n = 12 donors. Statistics, two-sided paired 
t-test (left) and Kruskal-Wallis test with Dunn’s multiple comparisons test (right). 
e,f, Representative plot (e) and quantification (f) for Bcl-2, Ki-67 and yH2AX in A2/
NS4B+CD8+ T cell metabolic subpopulations (based on clCasp-3 and puromycin) 
from cryopreserved samples on day 14 post-YFV vaccination. Bcl-2 and yH2AX  

MFI were normalized to A2/NS4B−CD8+ T cells. n = 9-30 donors. Statistics, one-
way ANOVA with Tukey’s multiple comparisons test. g,h, Representative gating 
for metabolic subpopulations in A2/NS4B−CD8+ T cells subsets (defined in a)  
(g) and quantification of metabolic subpopulations (h) within A2/NS4B−CD8+  
and A2/NS4B+CD8+ T cells in cryopreserved samples post-YFV vaccination.  
Lines, mean. Shaded areas, SEM. Statistics, two-way ANOVA with Tukey’s  
multiple comparisons test. Statistically significant differences over time  
for: PuroloclCasp3lo, PurohiclCasp3hi, PuroloclCasp3hi cells. n = 4-38 donors.  
i, Expression of BCLl-2 (left) and yH2AX (right) in non-reactive and reactive T cell 
subsets (defined in a) on day 14 post-YFV vaccination in cryopreserved samples 
by flow cytometry, normalized to non-reactive CD8+ T cells. n = 9 (left); n = 11 
(right) donors. Statistics, Kruskal-Wallis test with Dunn’s multiple comparisons 
test (each subset (defined in a) against non-reactive CD8+ T cells). j, Expression of 
yH2AX in cryopreserved Ki-67hi and Ki-67loA2/NS4B+CD8+ T cells on day 14 post-
YFV vaccination, normalized to A2/NS4B−CD8+ T cells. n = 13 donors. Statistics, 
two-sided paired t-test.
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Extended Data Fig. 9 | Metabolic features are conserved in SARS-CoV-2-
specific central and effector memory CD8+ T cells. a, Representative gating 
of A2/YLQ−CD8+ and A2/YLQ+CD8+ T cells on day 10 after second SARS-CoV-2 
vaccination. b, A2/YLQ+CD8+ T cells on day 10 after second SARS-CoV-2 
vaccination determined as in a. n = 9 donors. Line, mean. c, Representative 
gating of A2/YLQ−CD8+ and A2/YLQ+CD8+ T cell subsets on day 10 after second 
SARS-CoV-2 vaccination (pregated as in a). d, A2/YLQ−CD8+ and A2/YLQ+CD8+ 
T cell subsets (CD62L+CD45RA+CD95− TNM, CD62L+CD45RA+CD95+ TSCM, 
CD62L+CD45RA− TCM, CD62L−CD45RA− TEM and CD62L−CD45RA+ effector TE cells) 
analyzed as in c. Bars, mean and SEM. n = 9 donors. e, Representative histograms 
for puromycin incorporation, Ki-67 and clCasp-3 expression in the indicated 
CD8+ T cell subsets (defined in d) on day 10 after second SARS-CoV-2 vaccination, 
analyzed by flow cytometry. f, Basal protein synthesis (BPS) in the indicated 

CD8+ T cell subsets (defined in d) on day 10 after second SARS-CoV-2 vaccination 
analyzed by SCENITH. BPS was normalized to A2/YLQ−CD8+ T cells. n = 9 donors. 
Statistics, two-sided Wilcoxon test. g, Glycolytic (top) and mitochondrial 
(bottom) dependence of indicated CD8+ T cell subsets (defined in d) on day 
10 after second SARS-CoV-2 vaccination analyzed by SCENITH. n = 9 donors. 
Statistics, two-sided Wilcoxon test. h, Percentages of Purolo, Ki-67hi and clCasp-
3hi cells among the indicated CD8+ T cell subsets (defined in d) on day 10 after 
second SARS-CoV-2 vaccination analyzed by flow cytometry. Statistics, two-sided 
Wilcoxon test. i,j Representative flow cytometry plots (i) and quantification 
(j) for metabolic subpopulations (based on clCasp-3 and puromycin) in the 
indicated CD8+ T cell subsets (defined in d) on day 10 after second SARS-CoV-2 
vaccination. Bars, mean and SEM. n = 9 donors.
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Extended Data Fig. 10 | Antigen-specific mouse CD8+ T cells show conserved 
metabolic activities but divergent dependencies compared to human  
T cells. a, Schematics for the two infection models of murine antigen-specific  
T cell responses. Lm-OVA, OVA-expressing Listeria monocytogenes; cfu, 
colony-forming units; LCMV-Arm, LCMV-Armstrong; pfu, plaque-forming 
units. Lm-OVA infection, two individual experiments with a total of 10-12 mice 
(day 6, 8, 30/35) or one experiment with six mice (day 10). LCMV-Arm infection, 
one experiment with six mice (day 6, 8, 30). b, Representative flow cytometry 
plots (top) for the identification of phenotypic subsets (CD27+CD62L+KLRG1− 
TN/CM, CD27+CD62L+KLRG1+ TCM, CD27+CD62L− TEM and CD27−CD62L− TE 
cells) within antigen-specific OT-I T cells on d6 post Lm-OVA infection and 
quantification (bottom) across all mice and timepoints after infection; day 0 
represents the subset composition of OT-I and P14 T cells after isolation from 

the spleen of donor mice and before T cell transfer into recipients. Cells were 
pre-gated on CD8+CD4−CD45.1+ single lymphocytes for transferred T cells or 
CD8+CD4−CD45.1− single lymphocytes for endogenous T cells. c, Basal protein 
synthesis (BPS) in endogenous CD8+ or OT-I T cells (left) and OT-I T cell subsets 
(as defined in b, middle left) after Lm-OVA infection or endogenous CD8+ and 
P14 T cells (middle right) and P14 T cell subsets (left) at the indicated timepoints 
after infection determined by SCENITH. BPS was normalized to endogenous 
CD8+CD27+CD62L+KLRG1− TCM cells. Statistics, Kruskal-Wallis test with Dunn’s 
multiple comparisons test (left, middle right); mixed-effects analysis with 
Tukey’s multiple comparisons test (middle left, right). d, Glycolytic dependence 
determined by SCENITH displayed as in c. Statistics, as in c. e, Mitochondrial 
dependence determined by SCENITH displayed as in c. Statistics, as in c.
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