
Supplementary Figure 1 

The design and in vitro validation of INT-Ub 

(A) Ub chain building potential of various Ub mutants (top). Ub molecule with an insertion point of STREP-tag® II (black) and the 
following color-coded residues: K (red), M (orange), G76 (blue) and I44 (yellow). This Figure was generated with PyMOL software by 
modifying a 1UBQ.pdb file (bottom). (B) Coomassie staining of recombinant Ub variants used for CD measurements in (C) Far-UV 
CD spectra of wild-type Ub (blue), Ub.7KR (red), INT-Ub (green) and INT-Ub.7KR (violet). (D) and (E) A direct comparison of in vitro
ubiquitination reaction for untagged Ub, INT-Ub and INT-Ub.ΔGG. (F) Pull-down assay between INT-Ub and UBDs that can recognise 
single Ub moieties. (G) A direct comparison of diUb and INT-diUb ability to bind linear polyUb-specific UBD UBAN. (H) A direct 
comparison of USP2-cc DUB assay with diUb and INT-diUb. (I) A direct comparison of OTULIN DUB assay with diUb and INT-diUb. 
Blot and gel images for Supplementary Figures 1B, 1F-1I were cropped to improve the conciseness of the presentation (full blots and 
gel images are available in Supplementary Figure 12). 



Supplementary Figure 2 

In vivo validation of INT-Ub 

(A) A comparison of INT-Ub (left panel), INT-Ub.7KR (middle panel), INT-Ub.ΔGG (right panel) and endogenous Ub levels in T-REx
HEK293T cells upon doxycycline induction. To visualise levels of unconjugated Ub proteins, lysates were treated with USP2-cc. 
(B) A comparison of the effect of untagged Ub and Ub.ΔGG on NFκB transcriptional activity (control for Figure 2F). NFκB 
transcriptional activity was measured by a luciferase assay. Results are shown as means and s.e.m. (n=3). n.s=no statistically 
significant difference (p>0.05), determined by the two tailed Student’s t-test. (C) The effect of OTULIN C129A overexpression on the 
abundance of HMW linear polyubiquitinated proteins, was estimated by the linear Ub-specific Lub9 antibody upon denaturing 
INT-Ub.7KR Strep-Tactin® PD. (D) The effect of TNFα stimulation (15 min) on the appearance of HMW ubiquitinated forms of NEMO 
upon denaturing INT-Ub.7KR Strep-Tactin® PD. Blot images for Supplementary Figure 2A and 2C-2D were cropped to improve the 
conciseness of the presentation (full blots are available in Supplementary Figure 12). 



Supplementary Figure 3 

Mass spectrometry-based identification of novel linear polyUb-modified substrates 

(A) A schematic representation of the preliminary SILAC-based MS proteomic approach for the identification of linear polyUb-modified 
substrates upon 15 min of TNFα stimulation. Note that the SILAC labels were reversed in the subsequent triplicate MS analysis. 
(B) Scatter plots shown as a function of protein intensity and SILAC ratios (left: M/L, right: H/L) for preliminary MS data in (A) and 
Supplementary Table 1. SILAC ratios of log2>1 are marked in red. Several putative LUBAC substrates selected for the final validation 
are indicated in the plots. The number of identified protein pairs is marked in left upper part of each plot. (C) Experimental 
reproducibility of three independent experimental replicates of MS proteomic experiments from Figure 4A. The Pearson Correlation 
Coefficients are depicted in the left upper part of each plot. (D) Expression levels of putative linear polyUb-modified proteins in two 
different sets of T-REx™ HEK293T cell lines used in MS screens. Blot images for Supplementary Figure 3D were cropped to improve 
the conciseness of the presentation (full blots are available in Supplementary Figure 12). 



Supplementary Figure 4 

Validation of novel linear polyUb-modified substrates 

(A) Effect of active LUBAC overexpression on the appearance of HMW species above expected protein size for transiently 
transfected HA-tagged selected MS hits. Inactive LUBAC (HOIP C885A/HOIL-1L) was used as negative control. (B) Interaction 
studies between selected MS candidates and LUBAC components HOIP and HOIL-1. HOIP and/or HOIL-1L were transiently 
overexpressed in HEK293T cells and used for MBP or GST pull-down assays with recombinant putative substrates. (C) In vitro
ubiquitination assays with recombinant LUBAC components and recombinant HIS-tagged putative substrates. (D) In vitro
ubiquitination sample containing recombinant LUBAC complex and TRAF6 was treated with recombinant OTULIN to confirm TRAF6 
modification by linear polyUb chains. (E) MS/MS spectra showing the presence of linear Ub signature peptide GGMQIFVK in IP 
sample, in which transiently overexpressed HA-TRAF6 and HOIP/HOIL-1L were immunoprecipitated with HA agarose under
denaturing conditions. (F) Analysis of the presence of HMW species of endogenous SEPT2 (panel 1), HDAC6 (panel 2), VDAC1 
(panel 3) and TRAF6 (panel 4) in the presence of ectopic LUBAC complex in HEK293T cells by denaturing linear Ub IP. Blot images 
for Supplementary Figure 4 (except E) were cropped to improve the conciseness of the presentation (full blots are available in 
Supplementary Figures 13-14). 



 

Supplementary Figure 5  

TRAF6 is a novel LUBAC substrate in NFκB signalling 

(A) The effect of HOIP silencing on LUBAC-dependent linear polyubiquitination of TRAF6 upon IL-1β-stimulation. (B) MS/MS spectra 
showing identified ubiquitinated residues of TRAF6. HA-TRAF6 and LUBAC components were transiently overexpressed in HEK293T 
cells and used for GST pull-down with NEMO UBANx3 and further processed for MS analysis. (C) In vitro ubiquitination assays with 
recombinant LUBAC components and either HIS-tagged TRAF6 C70A or TRAF6 C70A K339/K497/K518R mutant. (D) Levels of 
recombinant HIS-tagged TRAF6 C70A and C70A K339/K497/ K518R mutants. The difference in protein size observed on gradient 
gels (Supplementary figure 5C) is not visible on non-gradient 10 % SDS-PAGE. (E) IκBα phosphorylation and degradation kinetics in 
reconstituted TRAF6-/- MEFs. Cells were stimulated with IL-1β (10 ng/ml) for the indicated time periods. Quantification of the protein 
levels was performed by ImageJ software. Mean of three independent experimental replicas was calculated and is shown below 
figure panels (compared to time point 0 for each cell line). (F) Expression levels of various HA-TRAF6 variants stably reconstituted in 
TRAF6-/- MEFs. Blot images for Supplementary Figure 5 (except B) were cropped to improve the conciseness of the presentation (full 
blots are available in Supplementary Figure 15). 



Supplementary Figure 6 

Full blot images for Figures 1 and 2 

Full blot names indicate their position in the original Figures 1 and 2. Unless specifically indicated next to the blot, all the blots had the 
same protein marker (with 2 bands marked with +), as indicated by the schematic protein marker representation. Red frames indicate 
cropped parts used in the original figures. 



Supplementary Figure 7 

Full blot images for Figure 3 

Full blot names indicate their position in the original Figure 3. Unless specifically indicated next to the blot, all the blots had the same 
protein marker (with 2 bands marked with +), as indicated by the schematic protein marker representation. Red frames indicate 
cropped parts used in the original figures. 



Supplementary Figure 8 

Full blot images for Figure 5A 

Full blot names indicate their position in the original Figure 5A. Unless specifically indicated next to the blot, all the blots had the same 
protein marker (with 2 bands marked with +), as indicated by the schematic protein marker representation. Red frames indicate 
cropped parts used in the original figures. 



Supplementary Figure 9 

Full blot images for Figure 5B 

Full blot names indicate their position in the original Figure 5B. Unless specifically indicated next to the blot, all the blots had the same 
protein marker (with 2 bands marked with +), as indicated by the schematic protein marker representation. Red frames indicate
cropped parts used in the original figures. 



Supplementary Figure 10 

Full blot images for Figure 5C 

Full blot names indicate their position in the original Figure 5C. Unless specifically indicated next to the blot, all the blots had the same 
protein marker (with 2 bands marked with +), as indicated by the schematic protein marker representation. Red frames indicate 
cropped parts used in the original figures. 



Supplementary Figure 11 

Full blot images for Figure 6 

Full blot names indicate their position in the original Figure 6. Unless specifically indicated next to the blot, all the blots had the same 
protein marker (with 2 bands marked with +), as indicated by the schematic protein marker representation. Red frames indicate 
cropped parts used in the original figures. 



Supplementary Figure 12  

Full blot images for Supplementary Figures 1-3 

Full blot names indicate their position in the original Supplementary Figures 1-3. Unless specifically indicated next to the blot, all the 
blots had the same protein marker (with 2 bands marked with +), as indicated by the schematic protein marker representation. Red 
frames indicate cropped parts used in the original figures. 



Supplementary Figure 13 

Full blot images for Supplementary Figures 4A-4D 

Full blot names indicate their position in the original Supplementary Figures 4A-4D. Unless specifically indicated next to the blot, all 
the blots had the same protein marker (with 2 bands marked with +), as indicated by the schematic protein marker representation. 
Red frames indicate cropped parts used in the original figures. 



Supplementary Figure 14 

Full blot images for Supplementary Figure 4F 

Full blot names indicate their position in the original Supplementary Figure 4F. Unless specifically indicated next to the blot, all the 
blots had the same protein marker (with 2 bands marked with +), as indicated by the schematic protein marker representation. Red 
frames indicate cropped parts used in the original figures. 



Supplementary Figure 15 

Full blot images for Supplementary Figure 5 

Full blot names indicate their position in the original Supplementary Figure 5. Unless specifically indicated next to the blot, all the blots 
had the same protein marker (with 2 bands marked with +), as indicated by the schematic protein marker representation. Red frames 
indicate cropped parts used in the original figures.  1 


