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            Abstract
The asymmetric partitioning of fate-determining proteins has been shown to contribute to the generation of CD8+ effector and memory T cell precursors. Here we demonstrate the asymmetric partitioning of mTORC1 activity after the activation of naive CD8+ T cells. This results in the generation of two daughter T cells, one of which shows increased mTORC1 activity, increased glycolytic activity and increased expression of effector molecules. The other daughter T cell has relatively low mTORC1 activity and increased lipid metabolism, expresses increased amounts of anti-apoptotic molecules and subsequently displays enhanced long-term survival. Mechanistically, we demonstrate a link between T cell antigen receptor (TCR)-induced asymmetric expression of amino acid transporters and RagC-mediated translocation of mTOR to the lysosomes. Overall, our data provide important insight into how mTORC1-mediated metabolic reprogramming affects the fate decisions of T cells.
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                    Figure 1: mTORC1 activity is asymmetrically inherited in dividing CD8+ T cells after TCR stimulation.


Figure 2: Asymmetric inheritance of mTORC1 results in CD8+ daughter T cells with distinct metabolic capabilities.


Figure 3: Asymmetric inheritance of mTORC1 results in CD8+ daughter T cells with different in vivo survival.


Figure 4: The differential RagC-mediated translocation of mTOR to the lysosome contributes to the asymmetric division of CD8+ T cells.


Figure 5: TCR-induced mTOR localization to the lysosome is dependent on differential amino-acid-transporter expression.
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Integrated supplementary information

Supplementary Figure 1 Polarized TCR activation induces asymmetric division of CD8+ T cells with phenotypical and functional differences.
(a-c) As in Fig. 1A, eFluor 450-labeled OT-I cells were adoptively transferred (i.v.) into WT mice and infected with LM-OVA (i.v.). Flow cytometry plots showing CD8 expression (a) and p-S6, CD98, T-bet, and Myc (b) between CD8hi and CD8lo T cells in 1st division and undivided cells. (c) Flow cytometry analysis of Eomes and CD44 expression shown from first division CD8hi (grey) and CD8lo (red) T cells. NaÃ¯ve cells are shown in black dotted line. (d) Immunoblot analysis of p-4E-BP1 and p-ERK between sorted CD8hi and CD8lo T cells. (e) Flow cytometry of activation markers in CD8hi (grey) and CD8lo (red) T cells from first division after in vitro activation. (f) Confocal images of dividing CD8+ T cells in contact with bone marrow derived APC. Proximal cell in contact is shown on top of the APC. (g) qRT-PCR analysis of mRNA relative expression of Ifng and Prf1 in sorted CD8hi and CD8lo obtained from in vitro activation, n=5 (Ifng), 6 (Prf1). (h) Supernatant was collected from CD8hi and CD8lo T cells 5 h post-sorting. Amount of IFN-Î³ was measured from the supernatant by ELISA, n=6 (IFN-Î³). *P < 0.05; ***P < 0.0005; ****P < 0.0001 (Mann-Whitney t test (g,h). Data are summary plots from at least 2 independent experiments (a-f) or compilation of 2 independent experiments (g,h). Scale bars, 10Âµm.


Supplementary Figure 2 Polarized T cell activation initiates asymmetric division of CD8hi and CD8lo daughter T cells.
Confocal images of CD8+ T cells activated for 36 h with polarized plate-bound stimuli (top) or activated for 5 h by PMA + ionomycin and rested for additional 31 h (bottom). T Cells were stained with anti-CD8 and anti-p-S6. Statistical analysis was performed comparing p-S6 MFI between CD8hi and CD8lo T cells, n=18 (Platebound) and 19 (PMA + Ionomycin). *P < 0.05; NS, not significant (Wilcoxon rank test). Data are representative of at least 2 independent experiments. Scale bars, 10Âµm.


Supplementary Figure 3 CD98 accumulates at the immunological synapse.
OT-I CD8+ T cells were activated in the presence of OVA-I peptide-pulsed bone marrow derived APCs for 19 h. Confocal image of APCs and CD8+ T cells stained with anti-CD98 and anti-talin. Results are representative of 2 independent experiments. Scale bar, 10Âµm.


Supplementary Figure 4 mTORC1 activity does not control differential expression of amino acid transporters in an in vivo infection model.
Flow cytometry of LFA-1, CD98, and p-S6 expression gated on adoptive transferred (i.v.) WT or T-Rhebâ€“/â€“ OT-I CD90.1+ CD8+ T cells from LM-OVA-infected WT hosts from first division indicated by proliferation dye. Data are representative of 2 independent experiments.


Supplementary Figure 5 Model of asymmetric division.
CD8hi proximal T cells have increased levels of amino acid transporter SLC7A5, resulting in an increased influx of amino acids that correlates with increased mTOR activity. This supports robust effector function in CD8hi daughter cells. In contrast, CD8lo distal cells have lower levels of mTOR activity and are destined to become memory cells.
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