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Supplementary figure 2. Arkadia promotes ubiquitylation and degradation of substrates

with SUMO1-capped SUMO2 chains by the proteasome. (Legend on next page).
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Supplementary Fig. 2  

Arkadia promotes ubiquitylation and degradation of substrates with SUMO1-
capped SUMO2 chains by the proteasome. a Pulse chase analysis of cells co-

expressing the indicated GFP substrate fused to a linear SUMO1- capped 3xSUMO2 
chain either with an empty vector or with Arkadia. Two exponential cultures were split. 
One half was used to perform the pulse chase experiment in the absence, and the other 

half in the presence of 20 !M MG132. An arrow indicates the position of the unmodified 
GFP substrate. An arrowhead points to an accumulation of high-molecular weight, likely 
ubiquitylated forms of the substrate detectable in higher amounts upon co-expression of 

Arkadia and after MG132 treatment. Below the autoradiography, the results from a 
phosphor-Imager quantification of the signals are plotted. b Analysis of levels of 
SUMO1-3xSUMO2-GFP substrate either in wild-type yeast cells or its slx5! uls1! 

mutant derivative lacking the two known yeast ULS/STUbL enzymes by quantitative 
Western blotting was carried out as described in the legend to Figure 1C. Bars 
represent the means of data obtained with independent transformants (n=4). Standard 
deviations (SD) are indicated by error bars. Asterisks indicate significant differences 
with p-values < 0.1. Statistical significance was determined with unpaired and two-sided 
Studentʼs t-tests. c Arkadia promotes the ubiquitylation of a GFP-substrate carrying a 

SUMO1-capped 3xSUMO2 chain. An N-terminally FLAG-tagged variant of the substrate 
was co-expressed either with an empty vector or with Arkadia. Extracts were prepared 
under denaturing conditions followed by a pulldown using an anti-FLAG antibody resin. 

Bound material was analysed by anti-HA Western blotting to detect the amount of 
recovered GFP-HA substrate, and by anti-ubiquitin blotting to detect ubiquitylated forms 
of the substrate. Note the much higher level of ubiquitylated forms of the substrate upon 

co-expression of Arkadia despite a lower steady state level of the substrate due to 
Arkadia-mediated degradation. Source data for a, b, and c are provided as a Source 
Data file. 
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Affinity of the Arkadia SUMO-binding domain to SUMO chains measured by isothermal

titration calorimetry. a Calorimetric titration of the Arkadia SUMO-binding domain with

trimeric linear SUMO chains. Shown are the profiles of typical titrations of the indicated trimeric

SUMO chains into a solution of Arkadia285-416 (upper panel, top to bottom) and the integrated

data, normalized to the concentration of the SUMOs (lower panel). b Same as in a, but with the

SOB* mutant version (see Figure 2a) of the Arkadia SUMO-binding domain. c Same as in a but

with dimeric SUMO chains.
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Supplementary Fig 4

SUMO chain type and length preference of Arkadia. (legend on next page)
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Supplementary Fig. 4  

SUMO chain type and length preference of Arkadia. a Quantitative Western blot 
analysis showing that Arkadia does not target a SUMO1-GFP test protein upon co-

expression in yeast cells. b Quantitative Western blot analyses addressing the chain 
length preference of Arkadia with substrates carrying either homogeneous SUMO2 
chains (left panel) or SUMO1-capped SUMO2 chains (right panel). Arkadia does not 

target a 2xSUMO2-GFP test protein upon expression in yeast cells, and only weakly 
targets a 3xSUMO2-GFP variant of the substrate (left panel). In contrast, significant 
targeting of SUMO1-SUMO2-GFP is already detectable, and targeting efficiency 

increases with chain length. Western blot analysis for a and b was carried out as 
described in the legend to Figure 1c. Bars represent the means of data obtained with 
independent transformants (n=4). Standard deviations (SD) are indicated by error bars. 
Two asterisks indicate significant differences with p-values < 0.01. Statistical 
significance was determined with unpaired and two-sided Studentʼs t-tests. Source data 
for a and b are provided as a Source Data file.  
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Supplementary Fig. 5 

Arkadia has a preference for SUMO1-capped SUMO2 chains. Shown is a 
comparative analysis of targeting efficiency of GFP-HA substrates carrying distinct 
linear tetra-SUMO chains upon co-expression of Arkadia in S. cerevisiae. Levels of 
each indicated data point for the distinct 4xSUMO-HA substrates were determined 
with independent transformants by quantitative anti-HA Western blotting as 
described in the legend to Figure 1c. Data for 1xSUMO1-3xSUMO2-GFP-HA are the 
same as the ones shown in Figure 1c (n=9). For 4xSUMO1-GFP-HA and 1xSUMO2-
3xSUMO1-GFP-HA, n=4. Bars represent the means of data obtained with 
independent transformants. Standard deviations (SD) are indicated by error bars. An 
asterisk indicates significant differences with p-values < 0.02, three asterisks: p < 
0.001. Statistical significance was determined with unpaired and two-sided Student’s 
t-tests. Source data are provided as a Source Data file.  
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Supplementary Fig. 6  

Arkadia does not efficiently target oligomeric GFP-HA substrates presenting 
multiple mono-SUMO1 or mono-SUMO2 fusions or combinations of the two.         
a SUMO2 forms an oligomer when fused to a COMP domain. Shown is a native gel 
analysis of extracts from yeast cells expressing FLAG- SUMO2- GFP-HA either with (+) 
or without (-) a pentamerization domain of mouse cartilage oligomeric matrix protein 

COMP (C) inserted between GFP and HA. Positions of the monomeric and oligomeric 
forms are indicated. The 15S proteasome precursor complex with a mass of ~350 KDa 
is run on the same gel for size comparison 1. b Anti- FLAG pulldown experiment with 

yeast extracts showing that F-SUMO2-GFP-C-HA co-precipitates and thus forms 
hetero-oligomeric complexes with SUMO1-GFP-C-HA. Cells were grown to log phase 
and protein extracts and FLAG immunoprecipitations were performed under native 

conditions. Input and eluate samples were analyzed by anti-HA and anti-Cdc11 western 
blotting. Endogenous Cdc11 protein levels were detected as a loading control. c Cells 
expressing either SUMO1-3xSUMO2-GFP-C-HA (left panel), FLAG- SUMO2-GFP-C-

HA or SUMO1-GFP-C-HA, or the latter two together (right panel), were transformed 
either with an empty vector or a plasmid expressing Arkadia. Cells were grown to log 
phase and protein crude extracts were prepared and analysed by quantitative western 

blotting. Bars represent the means of data obtained with independent transformants 
(n=3 or 4). Standard deviations (SD) are indicated by error bars. Source data for a, b, 
and c are provided as a Source Data file.  

  



Arkadia

anti-HA

anti-Cdc11

–

1xSUMO1-1xSUMO2-GFP-HA
%
G
F
P
-H
A

100

75

50

25

0
SIM1* SIM2*wt–

Arkadia
vector

Arkadia SOB*

*
*

**

SIM1* SIM2*wt SOB*

Arkadia‘s SIM1, SIM2 and SOB motifs all contribute to the targeting of a substrate tagged

with a dimeric SUMO1-SUMO2 chain. Shown is comparative analysis of targeting efficiencies of

GFP-HA substrate carrying a dimeric SUMO1-SUMO2 chain by wild-type Arkadia, its SOB (SOB*),

or SIM (SIM1* or SIM2*) mutant derivatives upon their co-expression in yeast cells. SOB* and SIM*

mutations were the same as shown in Fig. 2 and Fig. 3, respectively. Levels of the SUMO1-

SUMO2-GFP-HA substrate were determined by quantitative anti-HA Western blotting as described

in the legend to Figure 1c. Bars represent the means of data obtained with independent

transformants (n=4). Standard deviations (SD) are indicated by error bars. An asterisk indicates

significant differences with p-values < 0.1, two asteriks differences with p-values < 0.01. Statistical

significance was determined with unpaired and two-sided Student‘s t-tests. Source data are

provided as a Source Data file.

Supplementary Fig. 7

– 70

– 70
– 55

kDa



a

b

c

HaCaT

HeLa

***
***

0

10

20

30

5

15

25

35

siRNA
transfected

control Arkadia control Arkadia
GFP mArkadia

***

P
M
L-
N
B
s/
ce
ll

0

12

16

4

20

siRNA
transfected

control Arkadia control Arkadia
GFP mArkadia

***

8

***
***

P
M
L-
N
B
s/
ce
ll

control siRNA +
FLAG-GFP

Arkadia siRNA +
FLAG-GFP

Arkadia siRNA +
FLAG-mArkadia

control siRNA +
FLAG-mArkadia

HaCaT

Supplementary Fig. 8. Knockdown experiments show that endogenous Arkadia

contributes to the regulation of PML nuclear bodies. (Legend on the following page).



Supplementary Fig. 8 

Knockdown experiments show that endogenous Arkadia contributes to the 

regulation of PML nuclear bodies. a HaCaT cells were co-transfected with plasmids 
expressing either FLAG-GFP, wild-type (wt) mouse FLAG-Arkadia and either a control 
siRNA or an siRNA directed against endogenous human Arkadia. Cells were fixed and 

co-stained using mouse anti-FLAG and rabbit anti-PML antibodies. Nuclei of transfected 
cells positive for FLAG staining are highlighted by dashed lines. Scale bar, 10 !m.        
b Quantitative analyses of the number of PML-NBs in at least 20 cells from each of the 

samples shown in a (upper part), or c from at least 55 cells each of identically treated 
samples of HeLa cells (no images shown). Bars represent the means. Standard 
deviations (SD) are indicated by error bars. Three asterisks indicate significant 
differences with p-values < 0.001 Statistical significance was determined with unpaired 
and two-sided Studentʼs t-tests. Source data for b and c are provided as a Source Data 
file. 
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Supplementary Table 1: Plasmids used in this study 

Plasmid Name Description vector 
pAS12 PCUP1-FLAG-6xHis-1xSUMO1-GFP-2xHA-TCYC1 YCplac22 2 

(CEN/TRP1) 
pAS17 PCUP1-FLAG-6xHis-2xSUMO2-GFP-2xHA-TCYC1 YCplac22 

 
pAS18 PCUP1-FLAG-6xHis-3xSUMO2-GFP-2xHA-TCYC1 YCplac22 

 
pAS19 PCUP1-FLAG-6xHis-4xSUMO2-GFP-2xHA-TCYC1 YCplac22 

 
pAS20 PCUP1-FLAG-6xHis-1xSUMO1-1xSUMO2-GFP-

2xHA-TCYC1 
YCplac22 

pAS21 PCUP1-FLAG-6xHis-1xSUMO1-2xSUMO2-GFP-
2xHA-TCYC1 

YCplac22 
 

pAS22 PCUP1-FLAG-6xHis-1xSUMO1-3xSUMO2-GFP-
2xHA-TCYC1 

YCplac22 
 

pAS69 PCUP1-3xSUMO2-GFP-2xHA- TCYC1 YCplac22 
 

pAS73 PCUP1-1xSUMO1-3xSUMO2-GFP-2xHA-TCYC1 YCplac22 
 

pAS137 PCUP1-1xSUMO2(D71H)- 2xSUMO2-GFP-2xHA-
TCYC1 

YCplac22 
 

pAS141 PCUP1-1xSUMO1(H75D)- 3xSUMO2-GFP-2xHA-
TCYC1 

YCplac22 
 

pKG87  3 PCUP1-RNF4-TCYC1 YEplac181 2 

(2µ/LEU2) 
pAS23 PCUP1-Arkadia-TCYC1 YEplac181  

 

pAS40 PCUP1-Arkadia(SIM1*)-TCYC1  YEplac181 
 

pAS41 PCUP1-Arkadia(SIM2*)-TCYC1  YEplac181 
 

pAS153 PCUP1-Arkadia(SOB*)-TCYC1 YEplac181 
 

pAS160 PCUP1-4xSUMO1-2xHA-TCYC1 YCplac22 
 

pAS162 PCUP1-1xSUMO2-3xSUMO1-GFP-2xHA-TCYC1 YCplac22 
 

pJD662 PCUP1-FLAG-6xHis-1xSUMO2- PentCOMP-GFP-
2xHA-TCYC1 

YCplac22 

pJD664 PCUP1-FLAG-6xHis-1xSUMO1-3xSUMO2-PentCOMP-
GFP-2xHA-TCYC1 

YCplac22 

pJD665 PCUP1-1xSUMO1-PentCOMP-GFP-2xHA-TCYC1 YCplac33 2 
(CEN/URA3) 

pJD667 PCUP1-RNF4-GFP-TCYC1 YEplac181 



 
pJD668 PCUP1-Arkadia-GFP-TCYC1 YEplac181 

 
pGEX-TN-mArkadia(285-416) Ptac-GST-TEV-Arkadia(M.m.)(285-416)  pGEX-4T-2;  

TEV after of 
thrombin 

pGEX-TN-mArkadia(285-416) 
                    -SOB* 

Ptac - GST-TEV-TN-Arkadia(M.m.)(285-416) 
                                    -SOB* 

pGEX-4T-2;  
TEV after of 
thrombin  

pGEX-4T-2-2xSUMO2(!N11)  4 Ptac-GST-2xSUMO2(!N11) pGEX-4T-2 
GE Healthcare 

pGEX-4T-2-3xSUMO2(!N11)  4 Ptac-GST-3xSUMO2(!N11) pGEX-4T-2 (Sigma) 
 

pGEX-TN-1xSUMO1(!N15)- 
   1xSUMO2(!N11) 

Ptac-GST-1xSUMO1(!N15)-1xSUMO2(!N11) pGEX-4T-2;  
TEV instead of 
thrombin  

pGEX-TN-1xSUMO1(!N15)-  
   2xSUMO2(!N11) 

Ptac-GST-1xSUMO1(!N15)-2xSUMO2(!N11) pGEX-4T-2;  
TEV instead of 
thrombin  

pEGFP-C1-FLAG PCMV-EGFP-FLAG pEGFP-C1 
(Clontech) 
 

pCDEF3-FLAG-mRNF111  5 
   provided by Masao Saitoh  

PCMV-FLAG-Arkadia (M.m.), 
 

pCDNA3 

pCDNA-HA-hRNF111 pCDNA4-HA-hRNF111 (wt) pCDNA4/TO 
(Thermo Fisher 
Scientific) 

pCDNA-HA-hRNF111 pCDNA4-HA-hRNF111-SOB* pCDNA4/TO 
pcDNA5-8His-SUMO1 pcDNA5/FRT/TO-8His-SUMO-P2AV5  pcDNA5/FRT/TO       

(Thermo Fisher 
Scientific) 

pcDNA5-8His-SUMO1-  
   V5-Arkadia-wt 

pcDNA5/FRT/TO-8His-SUMO-P2AV5-hArkadia      
wt 

pcDNA5/FRT/TO 

pcDNA5-8His-SUMO1-  
   V5-Arkadia-RING* 

pcDNA5/FRT/TO-8His-SUMO-P2AV5-hArkadia 
RING* 

pcDNA5/FRT/TO 

pcDNA5-8His-SUMO1-  
   V5-Arkadia-SOB* 

pcDNA5/FRT/TO-8His-SUMO-P2AV5-hArkadia 
SOB* 

pcDNA5/FRT/TO 

 

  



Supplementary Table 2: Oligonucleotides used in this study 
!"#$% &$'($)*$%+,%-%.,% /$0*123425)%
!"#$%&' !!()*(!*!)*!*)!!!**!*!!*!!())))(!(' +,',-./'*+,'
012345' (*(**)!(()))*)!)!*))(!)((!)*((!)*' 6,'789/'*+,'
012&$' (*(**)!(()***!!)*!*)!!!**!*!!*!!(' +,'789/'*+,'
012&:' (*()()!*!)))!)))*)!)!*))(!)(' 6,';<=/'*+,'
014:&5' (*(**!)((!)*!(!!*!=!*(*)(*)**)**!*(' +,'>=?@/'6A+4'
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!"#:4$' (*(**)!(((!()))(!())**(!*()***(()(' 6,'789/'B!CD=EF='
!"#:4:' *((!*)**!(()*!*(!!(!*)**' +,'!CD=EF='GF9.HC9=IJ'
01#$24' *!!*!(!(!*!**!!!!!)*)!(*!)!)()))*)()!))))!*!**!!**' +,'B!CD=EF='G6/A*KJ'
01#$2%' (())(()()!!!!)!*!(!!!*!)!)(*)!(!)))))(()()*)*)())(' 6,'B!CD=EF='G6/A*KJ'
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!"#3#:' ())((!)(!!(**)(*((*(**(!!())()*()*(!))()*(()(' 6,'B!CD=EF='G"/O5KJ'
!"4422' (!!()*!(!*)*!!*(**!*!))*(!!(!*))**!*!!!*()!)(**)()(*' +,'B!CD=EF='G"P>KJ'
!"4425' (*!*!((*!)!*()))()((!!()*))*(!!)()((*())(!()*)(!*))*' 6,'B!CD=EF='G"P>KJ'
OR455' *(**!*()((!))!((*!(!)))***(*' +,'"=S/',!"#$'
!"4QQ3' (***!)((!*!!))(*))!(!*)))*)))))())!!' 6,'>=?@/',!"#$'
!"4Q#Q' (***!)((!)*)()*!((!**!**(!!!!(())(!!()*!**' +,'>=?@/'"NOP2'
!"4Q#2' (***!)((!)**((*!(*!!!!*(((!!**!!**!*)(' +,'>=?@/M"NOP5'
!"452$' ***(!!((!!)(!!)*!!!(!('!(!(!(()*(!(!*))**!!!)**' +,'G1:2@J'"NOP5'
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