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Supplementary Figure S1 Regulation of Ubl4A stability by its assembly partner 

A, The translation rate of Ubl4A is not affected in the absence of Bag6. Control, Bag6 and Ubl4A CRISPR cells 

were radiolabeled with S35-methionine for 5min.  Ubl4A immunoprecipitated from cell extracts was analyzed by 

SDS-PAGE and autoradiography. Asterisks, non-specific bands. B, Regulation of Ubl4A ubiquitination by 

assembly. Bag6 null cells were transfected as indicated.  Ubl4A-FLAG immunoprecipitated under denaturing 

conditions was analyzed by immunoblotting. Asterisks, IgG. C, Stabilization of Ubl4A by a proteasome inhibitor. 

Bag6 CRISPR cells stably expressing Ubl4A-GFP were treated with either DMSO or MG132.  Cell lysates were 

analyzed by immunoblotting with antibodies against the indicated proteins.  

 

  



 
Supplementary Figure S2 Degradation of unassembled Ubl4A requires p97 and Npl4  

A, p97 QQ inhibits the degradation of unassembled Ubl4A. HEK293T cells transfected with Ubl4A-GFP together 

with either empty vector (E.V.), WT p97 or p97 QQ were subject to cycloheximide chase analysis.  B, Inhibition 

of p97 by NMS-873 stabilizes Ubl4A-GFP.  A stable cell line overexpressing Ubl4A-GFP was treated as 

indicated for 4.5 h.  Cells were imaged using the same exposure time. C, p97 QQ expression does not abolish 

Ubl4A ubiquitination.  Ubl4A immunoprecipitated from cells as indicated was analyzed by immunoblotting.  D, 

Npl4 knockdown stabilizes unassembled Ubl4A.  Bag6 null cells stably expressing Ubl4A-GFP were transfected 

with the indicated siRNAs.  Whole cell extracts were analyzed by immunoblotting with antibodies against the 

indicated proteins. 

 

  



 
Supplementary Figure S3 Degradation of Ubl4A is not dependent on UBR1 or CNOT4 

A, B, The UBR1 family ligases are not required for Ubl4A degradation, but is involved in FNTA degradation. 

HEK293T cells stably expressing either Ubl4A-GFP (A) or transiently expressing FNTA-FLAG (B) were 

transfected with the indicated siRNAs.  Whole cell extracts (WCE) were analyzed by immunoblotting. C, 

Knockdown of CNOT4 has no effect on the Ubl4A protein level. As in A, except that the indicated siRNAs were 

used. 

 

  



 
Supplementary Figure S4 HUWE1 is required for Ubl4A degradation, but not for FNTA degradation 

A, A siRNA screen to identify ubiquitin ligase involved in Ubl4A degradation. HEK293T cells stably expressing 

Ubl4A-GFP was transfected with the indicated siRNAs.  The Ubl4A protein level in whole cell extract was 

determined by immunoblotting and plotted relative to the Ubl4A level in cells treated with a VCP (p97) siRNA 

pool. B, C, HUWE1 inactivation does not significantly affect FNTA ubiquitination and degradation.  B, 

Translation shut-off analysis of overexpressed FNTA-GFP in control and HUWE1 null cells.  The graph indicates 

the quantification of the gel. C, FNTA immunoprecipitated from control and HUWE1 CRISPR cells under 

denaturing conditions were analyzed by immunoblotting.  Asterisks, IgG. 

 



 



Supplementary Figure S5 Identification of endogenous HUWE1 substrates 

A, A list of putative HUWE1 substrates identified by SILAC experiments.  The annotated subcellular 

localizations are indicated. Nuc. Nucleus, Cyt. Cytoplasm. The numbers indicate average fold changes from three 

independent repeats using HUWE1 CRISPR clone 1. N=3, The numbers in parentheses indicate S.E.M.. Asterisks 

indicate proteins identified only in two experiments. B, Translation shut-off analysis of POLR2G degradation in 

control and HUWE1 null cells.  The error bars of the graph indicate the variation of two independent experiments. 

C, Translation shut-off analysis of the indicated proteins in cells transfected with control or HUWE1 siRNA. D, 

POLR2G has a hydrophobic surface that is shielded by POLR2D.  The structural analysis was based on published 

structure (PDB: 2C35). D, Overexpressed POLR2G can be stabilized by MG132 and NMS-873.  E, 

Overexpressed POLR2G can be stabilized by MG132 and NMS-873. F, Interaction of Ubl4A and POLR2G with 

endogenous HUWE1 as analyzed by co-immunoprecipitation. G, The ubiquitination status of the indicated 

proteins was determined by denaturing immunoprecipitation using control and HUWE1 null cells.  

 

  



 
Supplementary Figure S6 The subcellular localization of HUWE1 substrates. HEK293T cells expressing the 

indicated HUWE1 substrates were stained with FLAG antibodies in green and DAPI in blue. 

 

  



Supplementary Table 1 A complete list of proteins identified by SILAC analyses in HUWE1null cells clone 

1#.   Shown is the heavy to light arginine ratio of proteins identified in 3 biological repeats. 

 

Supplementary Table 2 A list of putative HUWE1 substrates with annotated protein complex composition 

by the Uniprot database. 

 


