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Figure S1: A, Knockdown of FIH1 in HEK293 and HCT116 cells did not change Cezanne protein level. 

B, In vitro cleavage assay of Lys11-linked diubiquitin by recombinant Cezanne comprising either the 

catalytic OTU domain alone (amino acids 129-449) or both the UBA and OTU domain (amino acids 1-

449). C, In vitro cleavage assay of K11-linked diubiquitin by recombinant Cezanne comprising the UBA 

and catalytic OTU domain (amino acids 1-449) in the presence and absence of recombinant FIH1. D, In 

vitro cleavage assay of K11-, K48- and K63-linked tetraubiquitin by different amounts of recombinant 

Cezanne.  
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Figure S2: Representative areas of [15N,1H]-BEST-TROSY HSQC spectra for 15N-labelled linear 

diubiquitin upon titration with non-labelled UBACez. Upper left: area near K63 and T66 HN resonances; the 

rainbow color code indicates increased molar ratios (defined in Figure 4a legend) upon titration from free 

linear diubiquitin (red) to full saturation upon 8-fold excess of UBACez (dark grey). Upper right: The only 

area for the 15N-labelled linear diubiquitin with 8-fold excess of UBACez is shown. Note, that K63 and T66 

backbone HN resonances evolved from single peaks in the free protein spectra to the two for each in UBACez 

saturated spectra, with different intensities and CSP values for the observed sub-peaks. Representative area 

of [15N,1H]-BEST-TROSY HSQC spectra showing I3, D39 and S57 backbone HN resonances in free linear 

diubiquitin (lower left plot, red contours) and with 8-fold excess of UBACez (lower right plot, dark grey 

contours). 

 

  



Figure S3
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Figure S3: Assignment strategy for CSP mapping on distal and proximal ubiquitin moieties of linear 

diubiquitin. Calculated CSP upon titration with UBACez were first mapped on the distal ubiquitin. 

Subsequently, all double peaks (shown red) were filtered out and resulting CSP were rationally (distance-

based) mapped on the distal and proximal ubiquitin moiety, respectively. The yellow and red colors are 

defined in Figure 4g legend. 

 

  



Figure S4
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Figure S4: CSP mapping on the surface of the modelled UBACez structure. Color code is described in Fig. 

5G. 

 

  



Figure S5
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Figure S5: Differences in the binding of linear diubiquitin and monoubiquitin to UBACez. A, NMR titration 

of 15N-labelled linear diubiquitin with non-labelled UBACez. Two representative areas of [15N,1H]-BEST-

TROSY HSQC spectra are shown. B, CSP mapping on the ubiquitin sequence. Yellow and red lines indicate 

the 1´ and 2´ standard deviations (δ) calculated from CSP values of all residues, respectively. Residues of 

linear diubiquitin, which showed double peaks (either in the free or in UBACez-bound form) and significant 

line broadening, are colored in blue. C, NMR titration of 15N-labelled monoubiquitin with non-labelled 

UBACez. The same areas are shown. D, CSP mapping on the ubiquitin sequence. Yellow and red lines 

indicate the 1´ and 2´ standard deviations (δ) calculated from CSP values of all residues, respectively. 

There were no CSPs for monoubiquitin, which can be categorised as “blue”. E, NMR titration of 15N-

labelled UBACez with linear diubiquitin. Two representative areas of [15N,1H]-BEST-TROSY HSQC 

spectra are shown. F, CSP mapping on the UBACez sequence. Yellow and red lines indicate the 1´ and 2´ 

standard deviations (δ) calculated from CSP values of all residues, respectively. Residues of UBACez, which 

showed intermediate exchange and significant line broadening, are colored in blue. Asterisk indicates CSP 

for the side chain of Gln43, that shows intermediate and big CSP upon binding of linear diubiquitin. G, 

NMR titration of 15N-labelled UBACez with monoubiquitin. The same areas are shown. Note that Ala7 

backbone HN resonance being significantly perturbed in case of linear diubiquitin titration, is almost intact 

in case of monoubiquitin titration. For Leu22, titration with the diubiquitin induces more strong CSP (the 

resonance did not appear at the saturation point) with different direction (see the arrow at the corresponding 

plots). H, CSP mapping on the UBACez sequence. Yellow and red lines indicate the 1´ and 2´ standard 

deviations (δ) calculated from CSP values of all residues, respectively. Residues of UBACez, which showed 

intermediate exchange and significant line broadening, are colored in blue. 
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Figure S6: KD calculations for the interaction between UBACez and monoubiquitin (A-D) or linear 

diubiquitin (E-H). A, Normalized CSP values of monoubiquitin residues Leu8, Ile44, Val70 and Leu71, 

showing significant CSP in the fast exchange mode, were used in the global fit. B, Individual titration 

curves for the same residues. KD values are indicated in each plot. C, Normalized CSP values of UBACez 

residues Leu27, Glu42, Gln43 and Gly50, showing significant CSP in the fast exchange mode, were used 

in the global fit. D, Individual titration curves for the same residues. KD values are indicated in each plot. 

E, Normalized CSP values of linear diubiquitin residues I3p (p = proximal ubiquitin), Leu8, Ile44, Lys63p, 

Val70 and Leu71, showing significant CSP in the fast exchange mode, were used in the global fit. F, 

Individual titration curves for the Leu8, Ile44, Val70 and Leu71. KD values are indicated in each plot. G, 

Normalized CSP values of UBACez residues Ser10, Leu27, Glu42, Gln43 and Gly50, showing significant 

CSP in the fast exchange mode, were used in the global fit. H, Individual titration curves for the Ser10, 

Glu42, Gln43 and Gly50. KD values are indicated in each plot. 
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Figure S7: Binding of monoubiquitin to hydroxylated or mutated UBACez. A, NMR spectra of hydroxylated 

(Asn35OH) or mutated (Asn35Thr) UBACez in comparison to wild-type UBACez. Representative area of 

[15N,1H]-BEST-TROSY-HSQC spectra is shown for UBACez wild-type (green) in overlay with UBACez 

(Asn35OH) (left plot, red) and UBACez (Asn35Thr) (right plot, red) spectra. Reproducible CSPs induced 

by hydroxylation or mutation are observed for residues sequentially distant from the modified Asn35, 

indicating changes in local structure and/or dynamics of the affected residues. B, CSP mapping on the 

sequences of UBACez variants. Yellow and red lines indicate 1´ and 2´ standard deviations (δ) calculated 

from CSP values of all residues, respectively. The CSP for hydroxylated/mutated Asn35 (purple) and its 

closest neighbors (Val34 and Ala36) are significantly bigger than for the other residues. Exact CSP values 

(in ppm) are given on the plots. C, CSP induced by Asn35 hydroxylation (left) and Asn35Thr mutation 

(middle) are mapped on the modelled structure of UBACez. Residues with intermediately (δ ≤ CSP ≤2´δ) 

and strongly (CSP ≥ 2´δ) perturbed backbone HN resonances are marked in yellow and red, respectively. 

Asn35 is highlighted in purple. The right plot shows the CSP induced by monoubiquitin titration to UBACez 

(the same orientation). Importantly, the regions of UBACez affected by Asn35 modification and by ubiquitin 

binding are overlapped. This fact indicates that Asn35 modification affects the residues directly interacting 

with ubiquitin. Indeed, NMR titration experiments for UBACez with hydroxylated and mutated Asn35 

showed their reduced affinity to ubiquitin. D, NMR titration of 15N-labelled UBACez (Asn35OH) (left) and 

(Asn35Thr) (right) with monoubiquitin. Representative areas of [15N,1H]-BEST-TROSY-HSQC spectra are 

shown. The rainbow color code indicates increasing molar ratios upon titration from the free UBACez (red) 

to UBACez under 8 times molar excess of monoubiquitin (magenta). The CSP induced by monoubiquitin in 

both proteins are smaller in values and display faster exchange mode. E, KD values calculated for selected 

residues of hydroxylated (Asn35OH), mutated (Asn35Thr) and wild-type UBACez upon titration with 

monoubiquitin. CSP values of residues Leu27, Glu42 and Val47 were used in the global fit. The KD values 

for the wild-type UBACez differ slightly from the values shown in Figure S6 due to another (less precise) 

titration scheme. 




