
Table of Content: 

1. Supplemental Figures 

Figure S1 

Background information on the experiments and algorithm. 

Figure S2 

Characterization of the substrate population. 

Figure S3 

Investigation of the uncleaved ratio distribution of cleaved substrates. 

Figure S4 

STRING analysis of known and novel substrates. 

Figure S5 

3D cleavage plots for components of the condensin I complex. 

Figure S6 

Cleavage of proteasomal proteins. 

 

2. Supplemental Information 

Instructions on how to use MaxQB for visualizing and extracting cleavage information.  

 

3. Supplemental Tables  

Supplemental Table S1: 

Excel Table containing all substrates including 3D cleavage plots, cleavage statistics, uncleaved and 

cleaved ratios, sequence coverages and explicit site information. 

 

Supplemental Table S2:  

List of all known human cleavage substrates as defined within the text. 

 

Supplemental Table S3:  

Table containing substrates with cleavage site information (related to Figure 5C). 

 

Supplemental Table S4:  

Excel Table with all substrates including additional categorical information. 

 

Supplemental Table S5:  

Output tables of the Fisher Exact Testing for enrichment within the substrate populations for 

experiments M1, M2, M3. 



Supplemental Figure S1, Stoehr et al.

DOUBLE_E2_R0K0
(REVERSE)

DOUBLE_E2_R10K8
(FORWARD)

PARP1(A)

0 200 400 600 800 1000

20

40

60

80

100

120

160

M
W

0 200 400 600 800 1000

0

5

10

15

20

25

30

35

Position

S
lic

e

 

 

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

PARP-type
1

PARP-type
2

Nuclear
localization

signal

Nuclear
localization

signal

Automodification
domain

BRCT

PARP
alpha-helical PARP catalytic

0 200 400 600 800 1000

20

40

60

80

100
120

160

200

M
W

0 200 400 600 800 1000

0

5

10

15

20

25

30

35

Position

S
lic

e

 

 

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

PARP-type
1

PARP-type
2

Nuclear
localization

signal

Nuclear
localization

signal

Automodification
domain

BRCT

PARP
alpha-helical PARP catalytic

100 101 102 103 104
0

5

10

15

20

25

30

35

40

Molecular Weight [kDa]

S
lic

e 
C

en
tro

id

(B)

Figure S1: Background information on the experiments and algorithm. 
A. Forward and reverse SILAC labeling. Both forward and reverse labeling resulted in the same ratio pattern for the 
cleaved substrate PARP1. B. Correlation of slice numbers to molecular weights. Based on all detected proteins of 
an experiment we calibrated approximate molecular weight regions along the gel. The red line is the regression 
line for the calculation of the right y-axis in the 3D cleavage plot.
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Figure S2: Characterization of the substrate 
population. 
A. Characterization of identi�ed substrates. 
Numbers of known and novel substrates are 
depicted. Novel substrates are subdivided 
depending on their number of signi�cant identi-
�cations as cleavage substrate in all six experi-
ments. Only substrates identi�ed signi�cantly at 
least three times are considered for the analysis. 
B. Coverage of the molecular weight region by 
the cleaved substrates. Whole proteome data as 
well as substrates are plotted. The red line indi-
cates the proportion of signi�cant substrates 
within the di�erent molecular weight regions in 
comparison to the whole proteome. C. Distribu-
tion of molecular weights spanned by the whole 
proteome experiment and by the cleavage 
substrates. Proteome data are plotted according 
to their molecular weight, underlying known 
and novel substrates are highlighted. Substrates 
are generally detected between 20 kDa and 250 
kDa. Representative examples of the lower and 
higher molecular weight regions are depicted.
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Figure S3: Investigation of the uncleaved ratio distribution of cleaved substrates. 
A. Uncleaved ratio distribution of all cleaved substrates split for novel and known substrates. The uncleaved 
ratio distribution indicates a tendency of novel substrates to be located in the right hand peak in comparison to 
the population of known substrates. B. Separation of the uncleaved ratio population for CORUM and non-
CORUM substrates within the experiments M1 and M2. Substrates annotated to CORUM show tendencies to be 
located in the right hand peak.

M1

M2



CTR9

RTF1

SLC9A3R1 COPB2

COPAARCN1

MSN

PPP1R12A

SPN

COPB1

CDC73

AMPD2

NT5C2

GMPS

GART

MTA1
COPS6

CUL4B

CAND1

DTL

VPRBP

MTA2

GATAD2A

BCL11B

CHD4

SNX2

DNM2NOP2

FNBP1

SEC24A

SEC24B

GNL2

GTPBP4

SEC22B

SPTBN1

CASP3

STK4

CASP2

TDP1

LBR

ADD1

NPM1

TMPO

SF3B1
PABPN1

SRSF1

YBX1

SF3B2

EFTUD2

SF3A1

DHX9

HNRNPUL1

HNRNPR
TOP1

CCAR1 SPTAN1

RIPK1

SRPK1

DHX38

RECQL

KPNA2

CSTF3

SMC1A

NUMA1

GSN

DDX42

NIPBL

CDC40

SAFBTHOC2

DDX5

SATB1
EPB41

NCL

NSUN2

SYNCRIP

AKAP8L

KARS

SSB

EPRS

IARS

KHSRP

RPS3A

RPL6

HNRNPH1

RPL7A

RPL4
RPS10

RPL15

RPS3

RPL13

BAT2

PABPC1

GSPT1

USP10

PWP2

EIF4H

EIF3J

PARN

EIF4B

EIF4A1

BMS1

EIF4G1

EIF3F

EIF3B

EIF4G2

PUS7

NAT10

EIF3G

EIF2S1

EIF3A

CAPRIN1

G3BP1

GRAP2

VAV1

WDHD1

RAD21

NUP98

PPP3CB

LCK

DDX10

ZAP70

TNPO1

NUP50KPNA1

NUP153

BRD4

CCNT1

TH1LZC3H14

MAP2K1

HNRNPA1

ELAVL1

NXF1
PHAX

EIF5B

EIF2A

ILF3

DKC1 EIF2AK2

RPL12

CPSF7

BAT1WIBG

DNAJC8

UPF1

EDC4

IGF2BP1

HBS1L

PTGES3

SET

HNRNPU
HNRNPA0

RBM15

U2AF2
STAT1

SRSF9

HNRNPA2B1

RBM8A

ANP32A

CKAP5
SSRP1

SUPT16H

DYNC1H1

BICD2

DCTN2

DYNC1I2

NUDC

CHD1

SUPT6H

IWS1

NEK9

TTC1

HSP90AB1

GAK

ANP32B

HSPA4

AHSA1

HSPA8

SUGT1

HSP90AA1

SNRNP200

PTBP1
SRSF4

HNRNPF

HNRNPK

SNRNP70NCBP1

PCBP1
THOC4

HNRNPL

YWHAB

YWHAE

WHSC2
FYB

YWHAQ

TELO2

XRCC4

DFFA

HYRC

RB1MLH1

LMNB2

GNL3

STAT5B

CASP8

PLEC

TBL1XR1

LMNB1

NONO

CASP6

VIM

SIN3A

SMARCA5

MICAL1

BAZ1A

PKN1BCAP31

BAZ1B

MCM6

POLD3

CDK6MCM5
ROCK1

RPA1

UHRF1
CTBP1

BID

ARHGDIB H2AFY

DNMT1

XRCC5

ACIN1

PARP1

ACTL6A

EP400

SRRM2

TRIM28

SMARCC1

PNN

SMARCE1

C10orf119

POLD1MCM4

POLA1

AKAP8

GINS4

MCM2

TYMS

LIG1

MCM3

UBTF

TCOF1

CUX1

PRPF31

PPP1CA

CD3EAP

PSMD4

PSMD12

PSMC5

PSMA5

PSMD3

PSME3

PSMC2

PSMC6

PSMC3

PSMD1

PSMC1

NUP93

KHDRBS1

PLCG1

TPR

CPSF1

DBNL

NUP205

RASA1

NCK1

KPNB1

RCC2

KIF2A

KIF4A

KPNA4

KIF11

PAK2
AHCTF1

RAD23B

ERCC5

MYO18A

SMC2

NCAPG

NCAPD3

NCAPH

SMC4

NCAPD2

RRM2

CDC27

CDC5L

RFC1

XAB2

BLM

PLRG1

FANCD2

CLASP2

CLASP1

RANBP2

DCTN1

VTI1B

SNAP23

PUM1

STX7

CLINT1

VAMP7

SCYL2

CLTA

AP2B1

HTT

AP2A1

EPS15L1

GBF1

AP2A2

PICALM

Novel substrate

Known substrate

Proteasome

Condensin I

ribosomal proteins

Ribosome biosynthesis

COPs

Supplemental Figure S4, Stoehr et al.

nuclear pore complex

splicing

DNA replication

Transcription/Translation

Protein biosynthesis

endocytosis

vesicle transport
microtubules

Transcription 
regulation

Swi/Snf family
Transcriptional control

14-3-3 proteins



Supplemental Figure S4, Stoehr et al.

Figure S4: STRING analysis of known and novel substrates. 
Substrates were uploaded to STRING and interactions were represented in the Cytoscape environment. 
Novel substrates are indicated in red, known substrates in green. Categories spanned by several inter-
acting proteins are named within the graphic and encircled for clarity if necessary.



Supplemental Figure S5, Stoehr et al.

NCAPGNCAPD2

SMC4

0 200 400 600 800 1000 1200

20

40

60

80

100
120

160

200

0 200 400 600 800 1000 1200

0

5

10

15

20

25

30

35

 

 

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

ATP Flexible hinge

R
at

io
 T

R
A

IL
/u

n
tr

ea
te

d
 [l

o
g

2]

G
el

 S
lic

e 
/ M

W
  

0 200 400 600 800 1000

20

40

60

80

100

120

160

0 200 400 600 800 1000

0

5

10

15

20

25

30

35

 

 

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

R
at

io
 T

R
A

IL
/u

n
tr

ea
te

d
 [l

o
g

2]

G
el

 S
lic

e 
/ M

W
  

0 200 400 600 800 1000 1200 1400

20

40

60

80

100
120

160

200

0 200 400 600 800 1000 1200 1400

0

5

10

15

20

25

30

35

 

 

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

Interactions with SMC2 and SMC4

Bipartite
nuclear

localization
signal R

at
io

 T
R

A
IL

/u
n

tr
ea

te
d

 [l
o

g
2]

G
el

 S
lic

e 
/ M

W
  

Figure S5: 3D cleavage plots for components of the condensin I complex. 
Components from the condensin I complex not displayed in Fig. 7A are plotted. All proteins are cleavage 
substrates, cleavage fragments are indicated on top of the graph with grey bars.   
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Supplemental Figure S6, Stoehr et al.

Figure S6: Cleavage of proteasomal proteins. 
Cleaved proteins from the proteasome complex are depicted via their 3D cleavage plots. Proteins 
from both the 19S regulatory particle as well as the 20S core particle were identi�ed as cleaved 
substrates. Most substrates show low stoichiometries in their uncleaved region.



Supplemental Information   

Instructions on how to use MaxQB for visualizing and extracting cleavage information. 

Starting from the project page, each of the experiments can be selected (1). Moreover, a list of proteins 

with an explicit cleavage information is provided (2). 

 
 

For each experiment general information on the experiment is provided. 

 

1 
2 



A list of the cleaved proteins can be accessed via the “Cleaved Proteins” tab including cleavage 

information on the single entries (p-value, FDR, ratio of cleaved peptides, …) (1). 

Specific proteins can be searched by first clicking on the “Search” button at the bottom of the table (2). 

Each column can then be search for a specific term. 

 

 

When selecting one ID in the “Cleaved proteins” table, further information about the protein within the 

experiment is provided. 

 

 

 

 

1 

2 



 

The “Cleavage” table contains all information about the cleavage of this protein within the specific 

experiment including statistics of the cleavage and the 3D cleavage plot. 

 

 

 

 

 



 

Selecting the Source Id in the “Proteins” tab or by selecting the Protein Id at the very beginning leads to 

the general protein information. 

 

Information as e.g. general sequence coverages over all stored data can be accessed (for more 

information on general MaxQB features refer to the publication on MaxQB: Schaab et al., MCP, 2012). 

 

 

 

 

 



Again cleavage information can be accessed, this time, not based on a single experiment, but on all 

experiments. On top, information from literature about known cleavage sites is displayed. The hyperlink 

guides to the reference. Below, information derived from our experiments is displayed for all 

experiments – the 3D cleavage plot, cleavage site information as well as statistics on the cleavage per 

experiment. 

 

 

 

 

 



Proteins can also be searched directly via the “Search -> Proteins” function. By selecting the Source Id, 

general protein information will be obtained. In case the protein is known as cleavage substrate but was 

not identified by our approach, the information about the reference will still be provided in the 

“Cleavage” tab. In case no “Cleavage” tab is provided, the protein is not known to be a cleavage 

substrate. 
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