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	Supplementary Figure 1

	Negative stain EM of native cytoplasmic dynein.

	(a) A representative micrograph of negatively stained dynein, with the flexible dimeric molecules circled in white. (b) Reference-free 2D class averages of dynein, showing the canonical “V” shaped structure with head domains spaced at varying distances.
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	Supplementary Figure 2

	2D structural analysis of flexible dynein.

	(a) Masking and assembly strategy used to generate detailed 2D averages of the entire dynein molecule. Reference-free 2D class averages of dynein are determined using traditional methods. An example of one of these averages is shown on the far left. Due to the flexibility of the link between the head and tail domains, the structural features of this region are blurred. Soft masks (dotted lines) are used to isolate each head and the tail region of the molecule, and the particles contributing to each class are subjected to 2D analysis (grey arrows on left), revealing finer structural features of the tail and head domains. Next, the mask is removed from the aligned particles and new unmasked class averages are generated, allowing visualization of surrounding structural features. The kinked region of the HC, which is seen in the unmasked class averages of both the head and tail domains, is then correlated to align the components to generate a complete dynein molecule (right image).  (b) A montage of masked class averages for the tail and head regions (upper and lower rows, respectively).
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	Supplementary Figure 3

	Negative stain reconstruction of dynactin.

	(a) A representative micrograph with individual particles circled in white, and reference-free 2D class averages on the right. (b) Class averages of dynactin with the flexible globular domain of p150Glued in a range of positions (indicated by yellow arrow). (c) On the left is a model of the 50 nm p150Glued coiled coil, with a filtered density representing the size of the CAP-Gly (PDB ID: 1TXQ). The globular domain in the class averages (right) is ~20nm from the shoulder. The inset shows a focused class average of the globular domain, showing that the density is much larger than a CAP-Gly. (d) Surface rendering of the 24Å negative stain dynactin reconstruction shown from 4 different views (top panel), with corresponding forward projections of the reconstruction in the middle panel. Matching reference-free class averages are shown in the bottom panel. (e) FSC plot for the 3D reconstruction. The resolution using a 0.5 cutoff is ~24Å. (f) Angular distribution of particles contributing to 3D reconstruction, with height of each cylinder related to the number of particles at that Euler angle.
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	Supplementary Figure 4

	CryoEM reconstruction of dynactin.

	(a) A representative cryo-electron micrograph of dynactin with individual particles denoted by white circles. (b) Reference-free 2D class averages showing the shoulder-less dynactin particles. (c) The α-helical “tentacles” of the CapZα and CapZβ subunits (orange and red, respectively) can be seen bound to the first Arp1 subunit of the short and long Arp strands, respectively. (d) Local resolution estimation of the 3D map shows a range of resolutions, from 6Å to 10 Å (shown by a spectrum of colors from blue to red). The Arp filament is the best-resolved component, and the pointed end complex is worst resolved, indicating increased flexibility in this region. (e) Gold Standard FSC plot for the 3D reconstruction of dynactin Arp filament, reporting a resolution of ~6.5Å at a 0.143 cutoff. (f) Angular distribution of particles contributing to the final reconstruction.
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	Supplementary Figure 5

	Visualization of the native dynein-dynactin-BicD2 complex attached to the microtubule surface.

	(a) AMP-PMP, but not ATP, causes dynein to bind MTs. Purified dynein (without added nucleotide) was supplemented with AMP-PNP, ATP or no nucleotide as shown and combined with phosphocellulose-purified, taxol-stabilized MTs. The MTs were pelleted through sucrose, then resusupended in buffer containing 10 mM ATP  and pelleted again. The supernatant and pellet from the first centrifugation step (depleted supe and MT pellet) and the final supernatant (ATP release) were analyzed by SDS-PAGE. (b) SDS-Polyacrylamide gel electrophoresis (SDS-PAGE) of dynein-dynactin-BicD2N complex, isolated from mouse brain bound to microtubules.  All the components of dynein and dynactin, as well as BicD2N and tubulin are present. (c) Negative stain micrograph showing DDB complexes (indicated by white arrow) attached to the MT surface. Although they are all pointed in the same direction, the DDB complexes are observed at a range of angles relative to the MT surface. (d) Several hundred DDB complexes at a range of angles relative to the MT surface were averaged together to determine the overall dimensions of the complex. The mean distance between the pointed tip of DDB from MT surface is ~ 33nm, the center of head to the MT surface ~17nm, and the length of the DDB molecule from the center of head to pointed tip is ~43nm. (e) Focused classification (see Supplementary figure 2) was used to obtain detailed averages of the motor domains, showing that they are in close proximity to one another when attached to the MT surface. (f) Distribution of angles between DDB and MT surface. The majority of the DDB molecules are oriented between ~20° and 60° relative to the MT surface. (g) Range of distances between the two heads in isolated dynein and DDB complexes, showing dramatically reduced inter-head distances in the incorporated dynein.
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