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Supplementary figure legends 

 

Supplementary 1. USP5 sequence and domain architecture. Domain schematic is shown above. Labeled 

secondary structure elements (secstr; H=helices, S=strands, D=disordered), sequence numbering 

(00xxxx), primary sequence (3IHPxx), phylogentic sequence conservation (Conser), and important 

residues (miscxx) are shown. Domains are highlighted in different colors. Sequence conservation was 

determined by and represented as symbols according to the Multalin server (http://npsa-pbil.ibcp.fr/cgi-

bin/npsa_automat.pl?page=/NPSA/npsa_multalin.html).  

 

Supplementary 2. Possible connectivities between UBA domains. A) Shown are cartoon representations 

of the asymmetric unit, which contained two molecules of USP5 in the four possible connectivities. All 

UBA domains are labeled, and connections are shown as black dashed lines labeled with distance (top) 

and number of residues (bottom). Domains in the asymmetric unit not part of the connection are shown 

in faded colors, otherwise colors are the same as before. B) Five possible connectivities of the ZnF-UBP 

domains are shown.  Panel A(a) and B(a) correspond to the final model and is shown in Figure 1. 

 

Supplementary 3. Ubiquitin-catalytic domain interactions. Stereoscopic view of the interface between 

the catalytic domain (blue) and the globular domain of Ub (orange), centered on ubiquitin’s Phe4, is 

shown in ribbon format and labeled; residues forming hydrogen or ionic bonds (shown as black, dashed 

lines) are shown in stick format and labeled.  

 

Supplementary 4. Loop variation across USPs. Three loops represent the major differences between 

USP structures; they are represented here in a matrix. (A) All structures, in ribbon format, are aligned 

and translated for clarity. The loops are colored either light-blue, cyan, or magenta. USP5 secondary-

structure elements associated with the loops are labeled. (B) The loops are shown in isolation. The USP 



name is shown above, the loop name to the left. Missing residues are shown as dashed, black lines. All 

are to scale except USP5’s 310-β22 loop, which was shrunk to fit the matrix. 

 

Supplementary 5. Helix-loop pull-downs. Two clones of the helix-loop motif (residues 495-518 and 

495-528) cloned into pET41 and pET32 vectors, containing polyhistidine fusion tags, and purified by 

IMAC were incubated with purified full-length ubiquitin (cloned into pGEX4T vector (which did not 

contain a polyhistidine fusion tag) such that the GST was at the amino-terminus and the resulting 

ubiquitin had a free diglycine tail). The mixture was repurified by IMAC; the elution was run by SDS-

PAGE and Coomassie stained. A positive control was included: the ZnF-UBP domain of USP5 

(residues 171-290) cloned into a simple polyhistidine-tagged vector (pET28MHL). All proteins were 

purified separately (right side). The black arrow indicated the position of the GST-ubiquitin. Each lane 

is labeled above with the protein name and expressed region, its expression vector, its calculated 

molecular weight, and its domain name. 

 

Supplementary 6. UBA domains and their interactions. A) To the left, 3D alignment of nUBA and 

cUBA is shown in backbone format. The Helical elements and N- and C-terminal termini are labeled. 

To the right, is shown the surface of the individual UBA domains, colored according to their 

conservation (purple residues are highly, pink are somewhat, and grey are not conserved). B) 

Stereoscopic view of the cUBA-Ub interface is shown in ribbon format and labeled. Side-chains that 

form hydrogen bonds or salt bridges (dashed black lines) are labeled and shown in stick format. 

 

Supplementary 7. Relevance of the nUBA positioning. A ubiquitin moiety docked onto the canonical 

binding surface of the nUBA domain. USP5 is shown as a surface representation with each domain 

labeled and colored differentially as in Figure 1. The docked ubiquitin is colored pink. Ubiquitin lysine 



residues and the diglycine motif of the docked ubiquitin are labeled. The distance between Lys63 of the 

active-site-bound ubiquitin and the c-tail of the docked, cUBA-bound ubiquitin is shown. 

 

Supplementary 8. Catalytic domain-cUBP disulfide. A) In labeled ribbon format, a stereoscopic view of 

the interface between the USP5 catalytic site (blue) and cUBP (green) is shown. The ubiquitin tail 

(orange), catalytic triad, cysteine residues forming a disulphide bond, and nearby residues are shown in 

stick format and labeled. B) Docked proximal ubiquitin. USP5 is shown with labeled domains as an 

electrostatic surface representation (-70 kt/e to +70 kt/e). Ubiquitin from PDB 2G45 (dark green) and a 

manually-docked ubiquitin (light green) are shown in ribbon format. Also shown are their K48 and K63 

side chains in labeled, magenta stick format. Distances between their epsilon-amino groups and the 

catalytic cysteine (C191), which is buried in this figure, are shown as black dash lines. 

 

Supplementary 9. Ubiquitin-like pulldown screens. Coomassie Blue-stained reducing SDS-PAGE of 

high-imidazole eluate from pull-down screens using N-terminally immobilized mature UBL (labeled 

above) and untagged or GST-tagged target (labeled on the left) is shown. Molecular-weight markers are 

on the left; the first lane after the markers represents non-specific binding of the target protein to the 

resin. Arrows indicate known or putative interactors. 

 

Supplementary 10. SAXS raw data. A) GNOM fitting (red) to the experimental scattering curve (black) 

of apo-USP5. B) pair-distance-distribution function (PDDF) calculated using the data in A). C) 

CRYSOL fitting (black) using the crystal structure (monomer) to the experimental scattering curve 

(red). 
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