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            Abstract
Cytotoxic T lymphocytes (CTLs) destroy virally infected and tumorigenic cells by releasing the contents of specialized secretory lysosomesâ€”termed â€˜lytic granulesâ€™â€”at the immunological synapse formed between the CTL and the target1. On contact with the target cell, the microtubule organizing centre of the CTL polarizes towards the target2,3 and granules move along microtubules in a minus-end direction towards the polarized microtubule organizing centre. However, the final steps of secretion have remained unclear. Here we show that CTLs do not require actin or plus-end microtubule motors for secretion, but instead the centrosome moves to and contacts the plasma membrane at the central supramolecular activation cluster of the immunological synapse. Actin and IQGAP1 are cleared away from the synapse, and granules are delivered directly to the plasma membrane. These data show that CTLs use a previously unreported mechanism for delivering secretory granules to the immunological synapse, with granule secretion controlled by centrosome delivery to the plasma membrane.
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                    Figure 1: 
                        Minus-end microtubule transport motors are sufficient for transport of lytic granules to the secretory site during target cell killing.
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Figure 2: 
                        The centrosome contacts the plasma membrane during target-cell killing.
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Figure 3: 
                        Centrosomal polarization and IQGAP1 and actin clearance at the immunological synapse.
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3D reconstruction, rotated around the xz axis, of serial confocal images through a CTL conjugated to a target cell showing CTL centrioles (red) polarised right up to the plasma membrane at the contact site between the CTL and its target (shown in green) during killing of the target cell. (MOV 1213 kb)
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Tomogram generated from a -65-+65Â° tilt series of an EM section across the contact site between a CTL and its target showing polarisation of the CTL centrosome to the membrane and distribution of the lytic granules, loaded with an electron dense reaction product, at the contact site during target cell killing (AVI 682 kb)
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Model generated from the tomogram shown in S2 highlighting the distribution of the polarised centrosome (blue), lytic granules (grey), microtubules (red), Golgi complex (green) in the CTL at the contact site. (AVI 1540 kb)
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3D reconstruction, rotated around the yz axis, of serial confocal images taken through a CTL conjugated to a target cell showing the CTL centrosome (blue) contacts the plasma membrane within the pSMAC (green) with the leading centriole on the edge of the cSMAC (red). (MOV 854 kb)


Supplementary Movie 4B
3D reconstruction, rotated around the xz axis, of serial confocal images taken through a CTL conjugated to a target cell showing the CTL centrosome (blue) contacts the plasma membrane within the pSMAC (green) with the leading centriole on the edge of the cSMAC (red). (MOV 734 kb)


Supplementary Movie 5A
3D reconstruction, rotated around the yz axis, of serial confocal images through a CTL conjugated to a target cell showing the CTL centrosome (blue) contacts the plasma membrane at the boundary between the cSMAC (red) and the site of lytic granule (green) docking and secretion. (MOV 696 kb)


Supplementary Movie 5B
3D reconstruction, rotated around the xz axis, of serial confocal images through a CTL conjugated to a target cell showing the CTL centrosome (blue) contacts the plasma membrane at the boundary between the cSMAC (red) and the site of lytic granule (green) docking and secretion. (MOV 763 kb)


Supplementary Movie 6
3D reconstruction, rotated around the yx axis, of serial confocal images through a single CTL showing the steady state distribution of IQGAP1 (red), actin (blue) and CD11a (green) in a CTL before it encounters a target cell. (MOV 3333 kb)


Supplementary Movie 7
3D reconstruction, rotated around the yz axis, of serial confocal images through a CTL conjugated to a target cell showing IQGAP1 (red) and actin (blue) cleared from the contact site to outside the pSMAC (CD11a, green) on encounter with a target cell and formation of an immunological synapse. (MOV 4500 kb)


Supplementary Movie 8
3D reconstruction, rotated around the yz axis, of serial confocal images through a CTL conjugated to a target cell showing IQGAP1 (red) present across the whole contact site area in a conjugate where the CTL centrosome (blue) is not polarised and CD11a (green) is not organised into a pSMAC. (MOV 3642 kb)


Supplementary Movie 9
3D reconstruction, rotated around the yz axis, of serial confocal images through a CTL conjugated to a target cell showing IQGAP1 (red) cleared from the contact site in a conjugate where the CTL centrosome (blue) has polarised to the plasma membrane and CD11a (green) is organised into a pSMAC. (MOV 3543 kb)


Supplementary Movie 10
3D reconstruction, rotated around the yz axis, of serial confocal images through a CTL conjugated to a target cell showing IQGAP1 (green) and actin (blue) cleared from the contact site during docking of lytic granules (red) and targeted secretion at the secretory domain of the immunological synapse. (MOV 6704 kb)
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