
























Supplementary Table 1 | Cryo-EM data collection, refinement and validation statistics 

Uba6 
Double 

loaded FAT 
10 

(EMDB-
73059) 
(9YKV) 

Uba6 
Single loaded 

FAT10 
(EMDB- 
73079) 
(9YLB) 

Uba6 
Double 
loaded 

Ub 
(EMDB- 
73060) 

(9YKW ) 

Uba6 
Single loaded 

Ub 
(EMDB 
-73081)
(9YLF)

Data collection and 
processing 
Microscope Krios Krios Glacios Krios 
Voltage (kV) 300 300 200 300 
Electron exposure (e–
/Å2) 

80 53 50 80 

Defocus range (μm) 1.2- 2.5 0.8- 2.5 0.8- 2.0 1.2-2.5 
Pixel size (Å) 0.833 1.067 0.87 0.833 
Symmetry imposed C1 C1 C1 C1 

Final particle images 
(no.) 

299646 265430 129706 235133 

Map resolution (Å) 
    FSC threshold 0.143 
(Å) 

2.73 3.24 3.86 3.14 

Map resolution range 
(Å) 
Refinement 
Initial model used (PDB 
code) 
Model resolution (Å)  
    FSC threshold 0.143 
(Å) 

3.02 3.46 4.44 3.36 

Model resolution range 
(Å) 

3.02-5.0 3.46-5.0 4.44-7.0 3.36-5.00 

Map sharpening B factor 
(Å2) 
Model composition 
    Non-hydrogen atoms       
    Protein residues                                                                                          
    Ligands 

10923 
1370 

3 

10853 
1363 

2 

10904 
1362 

8 

10303 
1291 

2 
B factors (Å2) 
    Protein 
    Ligand 

38.38 
107.79 

47.5 
116.74 

67.52 
61.52 

15.88 
25.92 

R.m.s. deviations
Bond lengths (Å)
Bond angles (°)

0.003 
0.559 

0.006 
0.684 

0.004 
0.662 

0.003 
0.540 

 Validation 
    MolProbity score 
    Clashscore 
    Poor rotamers (%)   

1.69 
8.25 
0.33 

1.96 
8.71 
0.66 

2.79 
18.79 
5.8 

1.72 
8.56 
0.52 

 Ramachandran plot 
    Favored (%) 
    Allowed (%) 
    Disallowed (%) 

96.39 
3.54 
0.07 

91.73 
7.90 
0.37 

93.10 
6.68 
0.22 

96.18 
3.82 
0.00 



Supplementary Table 2 | List of primers 
 

UBA6 
E233A 
F: CATTGTTACTTGCCTTGCGAATCATCCTCACAAACTG 

R: CAGTTTGTGAGGATGATTCGCAAGGCAAGTAACAATG 

 
N234A 
F: CATTGTTACTTGCCTTGAAGCGCATCCTCACAAACTGGAG 

R: CTCCAGTTTGTGAGGATGCGCTTCAAGGCAAGTAACAATG 

 
E572K 
F: CAGCATTAGATAATGTGAAAGCCAGGAGATACGTAG  

R: CTACGTATCTCCTGGCTTTCACATTATCTAATGCTG  

 
R575E 
F: GATAATGTGGAAGCCAGGGAATACGTAGACAGTCGTTG 

R: CAACGACTGTCTACGTATTCCCTGGCTTCCACATTATC 

 
E619R 
F: GTCATCGGGATCCCCCACGTGAGGAAATACCATTTTG  

R: CAAAATGGTATTTCCTCACGTGGGGGATCCCGATGAC  

 
F624S 
F: CCCAGAAGAGGAAATACCAAGCTGTACTCTAAAATCCTTTCC  

R: GGAAAGGATTTTAGAGTACAGCTTGGTATTTCCTCTTCTGGG 

 
E680R 
F: GTGGACACAGTTTAAGAGGCTGTTTTCAAG  

R: CTTGAAAACAGCCTCTTAAACTGTGTCCAC 

 
F683A 
F: GACACAGTTTAGAAGGCTGTGCGCAAGTTATAAAGTTACTTAGC 

R: GCTAAGTAACTTTATAACTTGCGCACAGCCTTCTAAACTGTGTC  



F722S 
F: CAGCTTCTTCACTGTAGCCCTCTTGACATAC  

R: GTATGTCAAGAGGGCTACAGTGAAGAAGCTG  

 
F734S 
F: GATTAAAAGATGGCAGTTTAAGCTGGCAGTCACCAAAGAGGC 

R: GCCTCTTTGGTGACTGCCAGCTTAAACTGCCATCTTTTAATC  

 
K991E 
F: GTGGTACAGGGAGTCGAAATGCTTTATGTTC  

R: GAACATAAAGCATTTCGACTCCCTGTACCAC 

 
H1001A 
F: CTGTAATGCCTGGTGCGGCAAAAAGATTGAAG  

R: CTTCAATCTTTTTGCCGCACCAGGCATTACAG  

 
D1033R 
F: CATTTGCTCCAGACATTCGTGGAGATGAAGATTTGCC  

R: GGCAAATCTTCATCTCCACGAATGTCTGGAGCAAATG  

 
E1036K 
F: GACATTGATGGAGATAAAGATTTGCCGGGAC  

R: GTCCCGGCAAATCTTTATCTCCATCAATGTC 

 
D1037R 
F: CATTGATGGAGATGAACGTTTGCCGGGACCTCC  

R: GGAGGTCCCGGCAAACGTTCATCTCCATCAATG  

 
D1033R_E1036K/D1037R 
F: GTGTCATTTGCTCCAGACATTCGTGGCGATAAACGTTTGCCGGGACCTCCAGTAAG 

R: CTTACTGGAGGTCCCGGCAAACGTTTATCGCCACGAATGTCTGGAGCAAATGACAC 

 
 
 



UBE2Z 
D157K 
F: GTTTCGGTGTCCGCCCAAATATCCCATCCACCCAC  

R: GTGGGTGGATGGGATATTTGGGCGGACACCGAAAC  

 
H161A 
F: CCCGACTATCCCATCGCGCCACCTCGGGTCAAAC  

R: GTTTGACCCGAGGTGGCGCGATGGGATAGTCGGG  

 
K186D 
F: CAACTTCTACCGCAATGGGGACGTCTGCTTGAGTATTCTAG 

R: CTAGAATACTCAAGCAGACGTCCCCATTGCGGTAGAAGTTG  

 
Y182A 
F: GTTTAACCCCAACTTCGCGCGCAATGGGAAAGTCTG 

R: CAGACTTTCCCATTGCGCGCGAAGTTGGGGTTAAAC  

 
N172A 
F: CAAACTGATGACAACGGGCGCGAACACAGTGAGGTTTAAC  

R: GTTAAACCTCACTGTGTTCGCGCCCGTTGTCATCAGTTTG  

 
R232A 
F: GCTTTGAACAGGAGGCGCATCCAGGAGACAGC  

R: GCTGTCTCCTGGATGCGCCTCCTGTTCAAAGC  

 
F228A 
F: CACAATGAGCCCGGCGCGGAACAGGAGAGACATC  

R: GATGTCTCTCCTGTTCCGCGCCGGGCTCATTGTG  

 
E134A 
F: GAACCCCTATCACAATGCGCCCGGCTTTGAACAG 

R: CTGTTCAAAGCCGGGCGCATTGTGATAGGGGTTC 

 
 



E229R 
F: CAATGAGCCCGGCTTTCGTCAGGAGAGACATCCAG 

R: CTGGATGTCTCTCCTGACGAAAGCCGGGCTCATTG  

 
K105A 
F: GTCTACTCCGGATCGCGCGGGATATCATGTC  

R: GACATGATATCCCGCGCGATCCGGAGTAGAC  

 
D127K 
F: GTACCTGATACTGTTAAAATGACTAAGATTCATG 

R: CATGAATCTTAGTCATTTTAACAGTATCAGGTAC  

 
K113E 
F: GGATATCATGTCCATTTATGAAGAGCCTCCTCCAGGAATG  

R: CATTCCTGGAGGAGGCTCTTCATAAATGGACATGATATCC  

 
R106D 
F: CAGTGTCTACTCCGGATCAAGGATGATATCATGTCCATTTATAAG  

R: CTTATAAATGGACATGATATCATCCTTGATCCGGAGTAGACACTG  

 
R103D 
F: CGCCGCAGTGTCTACTCGATATCAAGCGGGATATCATG  

R: CATGATATCCCGCTTGATATCGAGTAGACACTGCGGCG  

 
K105E 
F: GTCTACTCCGGATCGAACGGGATATCATGTC 3' 

R: GACATGATATCCCGTTCGATCCGGAGTAGAC 3' 

 
K105E/R103D/R106D 
F: CCGCGCCGCAGTGTCTACTCGATATTGAAGATGATATCATGTCCATTTATAAG 

R: CTTATAAATGGACATGATATCATCTTCAATATCGAGTAGACACTGCGGCGCGG  

 
 
 



D107R 
F: CTACTCCGGATCAAGCGGCGTATCATGTCCATTTATAAG  

R: CTTATAAATGGACATGATACGCCGCTTGATCCGGAGTAG 

 
E114K 
F: CATGTCCATTTATAAGAAACCTCCTCCAGGAATG 

R: CATTCCTGGAGGAGGTTTCTTATAAATGGACATG  

 
F139A 
F: CATTGATCACAGGCCCAGCGGACACTCCTTATGAAG  

R: CTTCATAAGGAGTGTCCGCTGGGCCTGTGATCAATG  

 
D140R 
F: GATCACAGGCCCATTTCGTACTCCTTATGAAGGGGG  

R: CCCCCTTCATAAGGAGTACGAAATGGGCCTGTGATC  

 
E144K 
F: CATTTGACACTCCTTATAAAGGGGGTTTCTTCCTG  

R: CAGGAAGAAACCCCCTTTATAAGGAGTGTCAAATG  

 
Q214S 
F: CAGTGCTCATCTCTATCAGCTCCCTGATGACTGAGAAC  

R: GTTCTCAGTCATCAGGGAGCTGATAGAGATGAGCACTG  

 
E219R 
F: CTATCCAGTCCCTGATGACTCGTAACCCCTATCACAATGAGC  

R: GCTCATTGTGATAGGGGTTACGAGTCATCAGGGACTGGATAG 

 
R245D 
F: CTATAATGAATGTATCGATCACGAGACCATCAGAG  

R: CTCTGATGGTCTCGTGATCGATACATTCATTATAG  

 
 
 



E277R 
F: GGAGAAGTCCTTTCTGCGGTATTACGACTTCTATG  

R: CATAGAAGTCGTAATACCGCAGAAAGGACTTCTCC  

 
Y278A 
F: GAGAAGTCCTTTCTGGAGGCGTACGACTTCTATGAGGTG 

R: CACCTCATAGAAGTCGTACGCCTCCAGAAAGGACTTCTC  

 
D280R 
F: CCTTTCTGGAGTATTACCGTTTCTATGAGGTGGCCTG  

R: CAGGCCACCTCATAGAAACGGTAATACTCCAGAAAGG  

 
F281S 
F: CTGGAGTATTACGACAGCTATGAGGTGGCCTG  

R: CAGGCCACCTCATAGCTGTCGTAATACTCCAG 

 
K287E 
F: CTTCTATGAGGTGGCCTGCGAAGATCGCCTGCACCTTC  

R: GAAGGTGCAGGCGATCTTCGCAGGCCACCTCATAGAAG  

 
D288K 
F: GAGGTGGCCTGCAAAAAACGCCTGCACCTTCAAG 

R: CTTGAAGGTGCAGGCGTTTTTTGCAGGCCACCTC  

 

FAT10  
D97K 
F: GTTTCTGGTGGAATCTGGCAAAGAAGCAAAACGTCATCTG  

R: CAGATGACGTTTTGCTTCTTTGCCAGATTCCACCAGAAAC  

 
R101D 
F: GGCGATGAAGCAAAAGATCATCTGCTGCAGG  

R: CCTGCAGCAGATGATCTTTTGCTTCATCGCC  

 
 



K137E 
F: GTTACCCTGAATGGTGAACGTCTGGAAGATG 

R: CATCTTCCAGACGTTCACCATTCAGGGTAAC  

 
D147K 
F: GATGGTAAAATGATGGCCAAATATGGCATTCGTAAAGGC  

R: GCCTTTACGAATGCCATATTTGGCCATCATTTTACCATC  

 
K143E 
F: GTAAACGTCTGGAAGATGGTGAAATGATGGCCGATTATGG  

R: CCATAATCGGCCATCATTTCACCATCTTCCAGACGTTTAC  

 
F157A 
F: CGTAAAGGCAATCTGCTGGCGCTGGCCTCTTATTCTATTG  

R: CAATAGAATAAGAGGCCAGCGCCAGCAGATTGCCTTTACG  

 
R138D 
F: GTTACCCTGAATGGTAAAGATCTGGAAGATGGTAAAATG  

R: CATTTTACCATCTTCCAGATCTTTACCATTCAGGGTAAC  

 
K143E 
F: GTAAACGTCTGGAAGATGGTGAAATGATGGCCGATTATGG  

R: CCATAATCGGCCATCATTTCACCATCTTCCAGACGTTTAC  

 




