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Cortactin directly interacts with shootinl in axonal growth cones.
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プレゼンター
プレゼンテーションのノート
Cortactin directly interacts with shootin1 in axonal growth cones. (A) Coimmunoprecipitation of shootin1 and cortactin in COS7 cells. Cells were cotransfected with myc-shootin1 and FLAG-cortactin, and lysates were incubated with anti-FLAG antibody. The immunoprecipitates were immunoblotted with anti-FLAG or anti-myc antibody. (B) In vitro binding assay using purified shootin1 (2 µM) and purified FLAG-cortactin (2 µM). Proteins were incubated with anti-FLAG antibody, and the immunoprecipitates were then analyzed by SDS-PAGE and CBB staining. 0.125% of the input proteins were also analyzed. As reported previously (Wu and Parsons, 1993; MacGrath and Koleske, 2012a), purified cortactin is composed of a single major band at 80 kD and an additional upper band (blue arrowheads). (C) Coimmunoprecipitation of endogenous shootin1 and cortactin from rat (postnatal day 6) brain lysates. Brain lysates were incubated with anti-shootin1 antibody or control IgG. The immunoprecipitates were immunoblotted with anti-shootin1 or anti-cortactin antibody. (D) Rat hippocampal neurons (3 d in vitro) costained with anti-cortactin (red) and anti-shootin1 (green) antibodies. Arrows and arrowheads denote an axonal growth cone and minor process growth cones, respectively. (E) Fluorescence images of an axonal growth cone labeled with anti-cortactin (red) and anti-shootin1 (green) antibodies. Enlarged views of the filopodia in the white square are shown to the right. Arrowheads indicate cortactin colocalized with shootin1. Bars: (D) 20 µm; (E, main panels) 10 µm.


Cortactin interacts with F-actin retrograde flow.
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プレゼンター
プレゼンテーションのノート
Cortactin interacts with F-actin retrograde flow. (A) Fluorescent images of an axonal growth cone labeled with anti-cortactin antibody (green) and phalloidin for F-actin (red). Enlarged views of the filopodium in the white rectangle are shown to the right. Arrowheads indicate cortactin accumulation in a filopodium. (B) A fluorescent feature image of EGFP-cortactin in an axonal growth cone (left) and a time series of the boxed area at 5-s intervals (right). See Video 1. Yellow arrowheads denote a fluorescent feature of EGFP-cortactin moving retrogradely. (C) A fluorescent feature image of mCherry–β-actin (red) and EGFP-cortactin (green) coexpressed in an XTC fibroblast (left). The kymographs (right) of the peripheral region indicated by the rectangle in the left image show that the fluorescent features of EGFP-cortactin and those of actin moved at similar speeds (white lines). See Video 2. (D) Time-lapse fluorescent feature images of EGFP-cortactin in an axonal growth cone treated at 0 min with 1 µM cytochalasin D. See Video 4. Dotted lines indicate the leading edge of the growth cone and boundary of fluorescent features. Bars: (A, B, and D) 10 µm; (C) 5 µm.


Cortactin mediates the linkage between F-actin and shootinl as a clutch molecule.
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Cortactin mediates the linkage between F-actin and shootin1 as a clutch molecule. (A) Cosedimentation of shootin1 with F-actin in the presence of cortactin. Polymerized actin (5 µM) was incubated with purified cortactin (1.5 µM; C), purified shootin1-myc (1.5 µM; S), or both (C+S). After centrifugation, the pellets were immunoblotted with anti-cortactin or anti-myc antibody. F-actin was detected by Coomassie brilliant blue (CBB) staining. (B) Hippocampal neurons were transfected with miRNA against cortactin (#1 or #2) or control miRNA, and cultured on polylysine-coated coverslips for 48 h. They were then fixed and immunostained with anti-shootin1 antibody. The vectors for the miRNAs are designed to coexpress EGFP. Arrowheads indicate an axonal growth cone. Relative fluorescence intensities of shootin1 in growth cones are shown on the right (n = 289 neurons). (C) DIC micrographs showing retrograde movement of L1-CAM-Fc–coated beads on axonal growth cones (3 d in vitro) expressing a control miRNA or cortactin miRNA, and a time series of the indicated areas at 30-s intervals (right). See Videos 5 and 6. The bottom panel illustrates the percentage of beads that showed retrograde flow on growth cones expressing control miRNA (n = 38) or cortactin miRNA (n = 38; left), the mean velocity of moving beads (middle), and the percentage of moving beads with the indicated velocities (right). Data represent means ± SEM (error bars); *, P < 0.05; ***, P < 0.001. Bars: (B) 50 µm; (C) 10 µm.


Cortactin is involved in shootinl-mediated and L1-CAM—-dependent axon outgrowth.
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プレゼンテーションのノート
Cortactin is involved in shootin1-mediated and L1-CAM–dependent axon outgrowth. (A) Hippocampal neurons overexpressing myc-GST (control) or myc-shootin1 were cultured on coverslips coated with L1-CAM-Fc for 6 d and then immunostained with anti-myc and tau-1 antibodies. The neurons were also cotransfected with a vector to express a control miRNA or cortactin miRNA (#1 or #2), which also coexpresses EGFP. RNAi-refractory cortactin was also coexpressed in the indicated experiments. Arrowheads in the enlargements of the boxed areas of the main images indicate axons labeled by the axon-specific marker tau-1 antibody. The graph shows the percentage of neurons with multiple axons. A total of 509 neurons were examined in three independent experiments. (B) Hippocampal neurons were transfected with a control miRNA or cortactin miRNA (#1 or #2) and cultured on coverslips coated with L1-CAM-Fc (L1-Fc) or polylysine (PDL) for 48 h. RNAi-refractory cortactin was also coexpressed in the indicated experiments. The graphs show axon length. A total of 1,111 neurons were examined in three independent experiments. Data represent means ± SEM (error bars); ***, P < 0.01; **, P < 0.02. Bars, 50 µm.


Pakl-mediated shootinl phosphorylation enhances shootinl—cortactin interaction.
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プレゼンター
プレゼンテーションのノート
Pak1-mediated shootin1 phosphorylation enhances shootin1–cortactin interaction. (A and B) In vitro binding assay using purified shootin1 and purified FLAG-cortactin. Shootin1-DD or shootin1-WT at increasing concentrations were incubated with FLAG-cortactin and anti-FLAG antibody. The immunoprecipitates were immunoblotted with anti-shootin1 or anti-FLAG antibody (A), and the bound shootin1-DD and -WT were then quantified (B). Data represent means ± SEM (error bars; n = 4). (C) In vitro binding assay using purified Pak1-phosphorylated shootin1 and purified FLAG-cortactin. Shootin1-WT (80 nM) or Pak1-phosphorylated shootin1-WT (80 nM) were incubated with FLAG-cortactin (80 nM) and anti-FLAG antibody. The immunoprecipitates were immunoblotted with anti-shootin1, anti-pSer249-shootin1, anti–pSer101-shootin1, or anti-FLAG antibody. (D) Coimmunoprecipitation of shootin1 and cortactin in COS7 cells. Cells were transfected with vectors to express FLAG-shootin1 and myc-cortactin; some of them were also cotransfected with a vector to express dominant-negative Pak1 (KD) or constitutively active Pak1 (CA) as indicated. Cell lysates were then incubated with anti-FLAG antibody. The immunoprecipitates were immunoblotted with anti-myc, anti-FLAG, anti-pSer249-shootin1, or anti–pSer101-shootin1 antibody. (E) Fluorescence images of an axonal growth cone costained with anti-cortactin (red) and anti–pSer249-shootin1 (green) antibodies. Bar, 5 µm.
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Cortactin is involved in netrin-1-induced F-actin—substrate coupling and promotion of traction
force for axon outgrowth.
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プレゼンター
プレゼンテーションのノート
Cortactin is involved in netrin-1–induced F-actin–substrate coupling and promotion of traction force for axon outgrowth. (A) Fluorescent feature images of mRFP-actin at axonal growth cones expressing control miRNA or cortactin miRNA in the presence or absence of 300 ng/ml netrin-1. Kymographs of the fluorescent features of mRFP-actin in filopodia at 5-s intervals are shown (F-actin flows are indicated by broken yellow lines). (B) F-actin retrograde flow rate measured from the kymograph analysis in A. 200 fluorescent features were analyzed. (C) Fluorescence images (left) showing an axonal growth cone of a 2 d in vitro neuron expressing EGFP and cultured on L1-CAM–coated polyacrylamide gel embedded with 200-nm fluorescent beads. The pictures show representative images from time-lapse series taken every 3 s for 150 s before (control) and 60 min after netrin-1 (300 ng/ml) stimulation (see Video 7). The original and displaced positions of the beads in the gel are indicated by green and red colors, respectively. The bead displacements are also indicated by red bars. Broken lines indicate the boundary of the growth cone. The kymographs (middle) along the axis of bead displacement (white broken arrows) at the indicated areas 1 and 2 of the growth cone show movement of beads recorded every 3 s. The bead in area 2 is a reference bead. The right panel shows the stress maps during the initial 30-s observations. (D) Statistical analyses (right) of the magnitude and angle (θ) of the traction forces under axonal growth cones expressing control miRNA or miRNA against cortactin before or after netrin-1 stimulation. RNAi-refractory cortactin was also coexpressed in the indicated experiments. n = 32 growth cones. (E) 3 h after plating, neurons expressing control miRNA or cortactin miRNA #1 were incubated with BSA (control) or 300 ng/ml netrin-1 for 40 h. RNAi-refractory cortactin was also coexpressed in the indicated experiments. Axon length was then analyzed. Data represent means ± SEM; ***, P < 0.01; **, P < 0.02; *, P < 0.05; ns, not significant. Bars: (A) 2 µm; (C) 5 µm. n = 543 neurons.
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Shootinl—cortactin interaction mediates netrin-1-induced generation of traction force and axon

outgrowth.
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プレゼンター
プレゼンテーションのノート
Shootin1–cortactin interaction mediates netrin-1–induced generation of traction force and axon outgrowth. (A, top) Schematic representation of WT and shootin1 deletion mutants, and their abilities to interact with cortactin. (A, bottom) In vitro binding assay using purified myc-tagged shootin1 mutants and purified FLAG-cortactin. Myc-shootin1 mutants (80 nM) were incubated with FLAG-cortactin (80 nM) and anti-FLAG antibodies. The immunoprecipitates were immunoblotted with anti-myc or anti-FLAG antibody. Asterisks denote myc-tagged shootin1 mutants. (B) Statistical analyses of the magnitude of the traction forces under axonal growth cones overexpressing myc-GST or myc-NES-shootin1 (261–377) before or after netrin-1 stimulation. n = 19 growth cones. (C) 3 h after plating, hippocampal neurons overexpressing myc-GST or myc-NES-shootin1 (261–377) were incubated with BSA (control) or 300 ng/ml netrin-1 for 40 h. The graph shows axon length. A total of 544 neurons were examined in three independent experiments. (D) A model for signal–force transduction in axon outgrowth. Netrin-1 induces Pak1-mediated shootin1 phosphorylation, which in turn promotes the interaction between shootin1 and cortactin. The shootin1–cortactin interaction couples F-actin retrograde flow with cell adhesion, thereby transmitting the force of F-actin retrograde flow (black arrow) onto the extracellular substrate (blue arrow). This also reduces the speed of the F-actin flow, thereby converting actin polymerization into force that pushes the leading edge membrane (red arrow). F-actin adhesion coupling and actin polymerization, under the activation of Cdc42 and Rac1, cooperate complementarily for efficient promotion of protrusive forces. Data represent means ± SEM (error bars); ***, P < 0.01; *, P < 0.05; ns, nonsignificant.
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