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	Supplementary Figure 1

	ATP(S-bound holoenzymes resemble a substrate-translocating proteasome conformation.

	EM reconstruction of the ATPγS-bound proteasome agrees with EM reconstruction of substrate-bound, translocating proteasome.  Font and back views of reconstructions of ATPγS-bound proteasome (EMDB 2596, gray) and substrate-bound proteasome (EMDB 5669, cyan) that were aligned in UCSF Chimera using the “fit in map tool”.
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	Supplementary Figure 2

	Functional crosstalk between Ubp6 and the base ATPase.

	(a) Proteasomes reconstituted with SspB2-Rpt2 base are competent to degrade ubiquitinated substrate.  200 nM WT or SspB2-Rpt2 base was assembled into proteasomes with 600nM Lid, Rpn10, and CP.  Degradation of 2µM ubiquitinated EGFP substrate20 was measured by loss of fluorescence at 511nm.  (b) Ubp6 stimulates ATPase rate of the isolated base subcomplex. ATPase rates of purified recombinant base were measured in the presence of Ubp6 C118A, di-ubiquitin, and Ubp6 C118A and di-ubiquitin.  Error bars show SEM of at least three independent experiments.  (c) Ubp6 similarly stimulates ATPase rate of proteasomes reconstituted with WT base or SspB2-Rpt2 base.  Proteasomes were reconstituted with 200nM WT or SspB2-Rpt2 base and 600nM Lid, Rpn10, and CP.  900nM Ubp6 and/or 20µM di-ubiquitin were added to show similar stimulations of ATPase rate with the wild-type or SspB2-Rpt2  base.  Di-ubiquitin with Ubp6 stimulated proteasomes similarly to UbVS-Ubp6.  Error bars represent SEM of at least three independent experiments. (d) Substrate translocation by the proteasome stimulates Ubp6 deubiquitination.  Wild-type Ubp6 activity was measured with proteasomes reconstituted with SspB2-Rpt2 base.  Addition of saturating amounts of an unfolded substrate increases Ubp6 deubiquitination, although not as much as the addition of ATPγS.  Error bars represent s.e.m of three independent experiments. (e) Ubp6-free holoenzymes were preincubated with buffer, 10% DMSO, or o-phenanthroline (o-PA) for 10 minutes before Ub-AMC measurements. Averages of three technical replicates are plotted with corresponding linear regression.
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	Supplementary Figure 3

	3D classes in ATP bound, Ub-Ubp6 proteasomes.

	 (a) Front and (b) back views of different proteasome conformations seen by negative stain EM.
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	Supplementary Figure 4

	Ubp6-UbVS proteasome structure in ATP.  

	(a) Raw micrograph of the grids.  (b) Sharpened reconstruction shows holoenzymes in an apo state.  (c) Differential projections of the 3D model to match the 2D projections shown.  (d) 2D projections calculated from the 3D model.  (e) Reference-free 2D classes from actual data set.  (f) FSC curve.  (g) Angular distribution plot (Euler plot).
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	Supplementary Figure 5

	Ubp6-UbVS proteasome structure in ATP(S.

	(a) Raw micrograph of the grids.  (b) Sharpened reconstruction shows holoenzymes in an engaged state.  (c) Differential projections of the 3D model to match the 2D projections shown.  (d) 2D projections calculated from the 3D model.  (e) Reference-free 2D classes from actual data set.  (f) FSC curve.  (g) Angular distribution plot (Euler plot).
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	Supplementary Figure 6

	Zoom-in view of docked Ubp6-UbVS model.

	Docked Ubp6-UbVS model (see methods, PDB 1VJV) in EM density places the N-terminus of the catalytic domain of Ubp6 near the connecting density between Ubp6 (red) and Rpn1 (purple, PDB 4CR4 chain Z).  The N-terminal region of the Ubp6 catalytic domain (residues 104 to 114) are shown in green.
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	Supplementary Figure 7

	Ubp6 is not degraded by the proteasome.

	100nM purified holoenzymes lacking Ubp6 were mixed with His6-tagged wild-type, C118A or Ub-VS treated wild-type Ubp6 and incubated at 30˚ C with ATP regeneration system. (a) Ubp6 was visualized by western blot detecting His6. (b) Holoenzyme levels were detected by blotting against Flag-tagged Rpn11.
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