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Table S1.  
Results of high-throughput microscopy screen for regulators of Pol η interaction with DNA 
damage sites 
U2OS/GFP-Pol η cells were transfected with an siRNA library targeting ubiquitin and UBL signaling 
factors (1251 genes, two siRNAs per gene). After 72 h, cells were treated with 30 µM Cisplatin for 6 
h and subsequently grown overnight in fresh media. Cells were then pre-extracted, fixed and stained 
with DAPI. GFP-Pol η foci counts were determined using QIBC. Table shows modified Z-scores for 
all siRNAs in the library.    

 

Table S2.  
List of validated Ub/UBL signaling factors whose knockdown leads to enhanced formation of 
DNA damage-induced Pol η foci 

 

Table S3.  
Overview of endogenous Pol η SUMOylation sites identified by mass spectrometry  

 

Figure S1.  
SUMO-dependent regulation of Pol η association with DNA damage sites. 
A. Immunoblot analysis of whole-cell extracts (WCE) of U2OS cells transfected with non-targeting 
control (CTRL) siRNA or siRNAs targeting indicated SUMO enzymes. Expression levels of SAE1, 
UBA2 and UBC9 (normalized to MCM6 expression) were quantified using ImageJ. B. Results of 
validation screen. The sum of GFP-Pol η foci intensity in U2OS/GFP-Pol η cells transfected with 
indicated siRNAs, exposed to cisplatin for 6 h and fixed 16 h later was quantified using QIBC analysis 
(mean±SD; ≥294 cells quantified per condition). C. Results of validation screen. The sum of GFP-
Pol η foci intensity at different time points after exposure to cisplatin in cells treated as in (B) was 
quantified using QIBC analysis (mean±SD; ≥3,000 cells quantified per condition). D. U2OS/GFP-
Pol η cells were treated or not with SUMO E1 inhibitor (SUMOi) for 30 min, exposed to UV and 
fixed 6 h later. GFP-Pol η foci count per nucleus was quantified by QIBC analysis (mean±SEM; n=3 
independent experiments; ≥7,482 cells quantified per condition). 
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Figure S2. 
Impact of removing SUMO modification components on cell cycle distribution, PCNA 
monoubiquitylation and Pol η SUMOylation 
A. U2OS cells transfected with indicated siRNAs were pulse-labeled with EdU, fixed and processed 
for EdU labeling and staining of total DNA with DAPI. Cell cycle profiles were analyzed using QIBC 
(≥1869 cells quantified per condition). Percentage of cells in different cell cycle stages (G1 phase, 
blue; S phase, pink; G2/M phase, green) is indicated. B. Immunoblot analysis of chromatin-enriched 
fractions of U2OS cells transfected with indicated siRNAs and exposed to UV. C. U2OS left 
untreated or transfected with plasmids encoding the indicated GFP-Pol η alleles and exposed to UV 
were lysed and subjected to GFP immunoprecipitation (IP) under denaturing conditions, followed by 
immunoblotting with SUMO2/3, GFP and MCM6 (loading control) antibodies. D. Quantification of 
GFP-Pol η foci formation in U2OS/GFP-Pol η collected at indicated times after exposure to UV 
(mean±SEM; n=2 independent experiments; ≥508 cells quantified per condition). E. U2OS/GFP-Pol 
η cells transfected with indicated siRNAs and exposed to UV were lysed and subjected to GFP 
immunoprecipitation (IP) under denaturing conditions, followed by immunoblotting with SUMO2/3, 
GFP and MCM6 (loading control) antibodies. F. Cell cycle profiles of cells transfected with indicated 
PIAS1 siRNAs or non-targeting control (CTRL) siRNA were determined as in (A) (≥2936 cells 
quantified per condition). 
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Figure S3. 
Impact of impaired SUMO-dependent processing of Pol η on its association with DNA damage 
sites and TLS functionality 
A. Quantification of the sum of GFP-Pol η foci intensity using QIBC analysis in U2OS/GFP-Pol η 
cells transfected with indicated siRNAs, exposed to UV and fixed 6 h later (mean±SEM; n=2 
independent experiments; ≥1991 cells quantified per condition). B. Immunoblot analysis of U2OS 
cells transfected with non-targeting control (CTRL) or RNF4 siRNAs using indicated antibodies. C. 
qPCR analysis of RNF111 mRNA levels in U2OS cells transfected with indicated siRNAs relative 
to siCTRL. Primers to GAPDH were used as a normalization control (mean±SEM; n=2 independent 
experiments). D. Quantification of the sum of GFP-Pol η foci intensity using QIBC analysis in 
U2OS/GFP-Pol η cells transfected with indicated siRNAs and treated as in (A) (mean±SEM; n=4 
independent experiments; ≥1254 cells quantified per condition). E. U2OS cell lines stably expressing 
GFP-Pol η WT or 20KR mutant (clone 1 (c1) and clone 2 (c2)) were transfected or not with siRNA 
targeting the 3’UTR of endogenous Pol η (siPol η#2), exposed to UV (5 J/m2) and fixed 6 h later. 
Cells were then stained with antibody specific to cyclobutane pyrimidine dimers (CPDs) under native 
conditions, where only CPDs in single-stranded DNA (ssDNA) are exposed, and CPD intensity per 
nucleus was quantified by QIBC analysis (mean±SEM; n=2 independent experiments; ≥10,086 cells 
quantified per condition). Both GFP-Pol η WT or 20KR are able to rescue the increased occurrence 
of CPDs in ssDNA resulting from knockdown of endogenous Pol η, indicating that both alleles are 
proficient for TLS-mediated bypass of these lesions. F. Clonogenic survival of U2OS cells and 
derivative stable U2OS/NLS-GFP-Pol η WT and U2OS/NLS-GFP-Pol η 20KR mutant (c1) cell lines 
transfected with siCTRL or siPol η#2 and exposed to the indicated doses of UV. After UV radiation 
the medium was supplemented with 0,4 mM caffeine (mean±SEM; n=2 experiments). 
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Figure S4. 
MS spectra for identified SUMO sites in human Pol η 
A collection of 19 fully annotated MS/MS spectra corresponding to all POLH SUMO sites reported 
in this work. Both “Standard” and “Advanced” annotations via the built-in MaxQuant Viewer 
software are available for each spectrum. Note that “qq” in the peptide sequence corresponds to 
attachment of the SUMO C-terminal mass remnant, QQTGG, covalently linked to the lysine residue 
via its C-terminal glycine residue. 
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QE6_LC6_IAH_SUMO_HeLa_M_2_F5 21588 FTMS; HCD 237.01 1408.74 POLH
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QE6_LC6_IAH_SUMO_HeLa_M_1_F6 7344 FTMS; HCD 112.03 507.03 POLH
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QE6_LC6_IAH_SUMO_HeLa_M_1_F6 7344 FTMS; HCD 112.03 507.03 POLH
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Advanced: POLH-K224-SUMO
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QE6_LC6_IAH_SUMO_HeLa_M_2_F5 4216 FTMS; HCD 105.38 538.61 POLH
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101.0709

a₂-C₃H₆
115.0866

b₂-C₄H₈
129.0659

IM CaC
133.043

GL-CO
143.1179

c₂-C₄H₈
146.0924

a₂
157.1335

PN-CH₃NO
167.0815

LN-C₂H₅NO
169.0972

GL
171.1128

y₁
175.119

LN-CH₃NO
183.1128

b₂
185.1285

PN-NH₃
195.0764

c₂
202.155

AC-CO
204.0801

PN
212.103

CG
218.0594

LN
228.1343

y₃-R
230.1135

AC
232.075

ACG
289.0965

y₂
289.1619

CGL-CO
303.1485

CGL
331.1435

b₃
345.1591

y₃-NH₃
369.1881

a₄
374.1857

y₃
386.2146

b₄
402.1806

a₅
487.2697

b₅
515.2646

c₆
646.3341

y₄*
729.4002 y₅*-CH₂N₂

801.4213

NKP
811.4057

y₅*
843.4431

GLNK
884.4585

y₆*
956.5272

b₇*
972.4931

y₇*
1013.549

y₈*-NH₃
1156.553

y₈*
1173.579

y₉*
1244.616

a₉-2NH₃
1377.658

a₉-NH₃
1394.685

a₉
1411.711

y₈
1429.696

0
10

20
30

40
50

60
70

80
90

10
0

11
0

12
0

0
0.1

0.2
0.3

0.4
0.5

0.6
0.7

0.8
0.9

1
1.1

1.2
1.3

[1e6]

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

Raw file Scan Method Score m/z Gene names

QE6_LC6_IAH_SUMO_HeLa_M_2_F5 4216 FTMS; HCD 105.38 538.61 POLH
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Advanced: POLH-K231-SUMO
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QE6_LC6_IAH_SUMO_U2OS_M_2_F1 7391 FTMS; HCD 114.79 540.28 POLH
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Standard: POLH-K311-SUMO
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QE6_LC6_IAH_SUMO_U2OS_M_2_F1 7391 FTMS; HCD 114.79 540.28 POLH
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Advanced: POLH-K311-SUMO
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QE6_LC6_IAH_SUMO_U2OS_M_1_F5 7353 FTMS; HCD 93.48 549.63 POLH
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QE6_LC6_IAH_SUMO_U2OS_M_1_F5 7353 FTMS; HCD 93.48 549.63 POLH
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Advanced: POLH-K328-SUMO
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QE6_LC6_IAH_SUMO_HeLa_M_3_F5 31361 FTMS; HCD 47.99 1296.64 POLH
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QE6_LC6_IAH_SUMO_HeLa_M_3_F5 31361 FTMS; HCD 47.99 1296.64 POLH
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y₁-NH₃
130.0863

y₁
147.1128

a₂
169.1335

b₂
197.1285

QQ-2*NH3
223.0713

y₂-H₂O
230.1499

QQ-H2O
239.1139

QQ-NH3
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y₇
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b₇
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y₈
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b₈
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y₉
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IM Q
101.0709

TQ-C₂H₅NO-CH₃NO
126.055

Q
129.0659

y₁-H₂O
129.1022

y₁-NH₃
130.0863

PA-CO
141.1022

y₁
147.1128

PA
169.0972

a₂
169.1335

TQ-C₂H₅NO
171.0764

TA
173.0921

VT-CO
173.1285

QG
186.0873

b₂
197.1285

VT
201.1234

TQ-CO
202.1186

TQ-H₂O
212.103 GPA

226.1186

TQ
230.1135

y₂-H₂O
230.1499

y₂
248.1605

PVT-H₂O
280.1656

b₃
296.1969

PVT
298.1761

y₃
319.1976 a₄

369.2496

b₄-H₂O
379.234

b₄
397.2445

y₄
420.2453

QGSGP
427.1936

PVTSS-H₂O
454.2296

b₅-H₂O
466.266

PVTSS
472.2402

b₅
484.2766

y₅
519.3137

b₆-2H₂O
535.2875

b₆-H₂O
553.298

b₆
571.3086

PVTSSE-H₂O
583.2722

y₆
590.3508

PVTSSE
601.2828

GSGPAVTA
641.3253

PVTSSEA-H₂O
654.3093

PVTSSEA
672.3199

b₇-H₂O
682.3406

y₇
687.4036

b₇
700.3512

b₈-C₂H₄O
727.3621

a₈
743.3934

y₈
744.425

b₈
771.3883

c₈
788.4149

y₉
831.4571

y₁₀-H₂O
870.468

y₁₀
888.4785
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971.4793
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y₁₁-H₂O
998.5265

y₁₁-NH₃
999.5106

y₁₁
1016.537

EAKTQ
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y₁₂-H₂O-NH₃
1082.548

b₉*-H₂O
1096.563

y₁₂-H₂O
1099.574

y₁₂-NH₃
1100.558

b₉*
1114.574

y₁₂
1117.585

b₁₀*-H₂O
1197.611

b₁₀*
1215.622

b₁₁*-H₂O
1325.67

b₉-H₂O-NH₃
1335.654

b₁₁*
1343.68

b₉-NH₃
1353.664

b₉
1370.691

b₁₀-2H₂O-NH₃
1418.691
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1436.702

b₁₀-NH₃
1454.712
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1460.77

b₁₀
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y₁₇-H₂O
2073.021
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Advanced: POLH-K462-SUMO



y₁-NH₃
130.0863

y₁
147.1128

a₂
202.1186

b₂-H₂O
212.103

b₂-NH₃
213.087

QQ-2*NH3
223.0713

b₂
230.1135

QQ-H2O
239.1139

QQ-NH3
240.0979

QQ
257.1244

b₃
287.135

QQT-NH3-H2O
323.135

QQT-2*NH3
324.119

QQT-NH3
341.1456

b₄
374.167

QQTG-NH3-H2O
380.1565

QQTG-NH3
398.167

b₉²⁺
400.2009 b₅

431.1885

QQTGG-NH3
455.1885

y₂*
490.2984

y₃-H₂O
573.3355

b₇-H₂O
581.2678

y₃*
591.3461

b₇
599.2784

y₄*
662.3832

b₈
698.3468

y₅*
763.4308

b₉-H₂O
781.3839

b₉
799.3945

y₆*
862.4993 y₄

918.5003

y₅
1019.548

y₈*
1030.589

y₉*
1087.611 y₁₀*
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QE6_LC6_IAH_SUMO_HeLa_M_4_F3 4129 FTMS; HCD 154.49 572.97 POLH
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Standard: POLH-K474-SUMO



IM Q
101.0709

c₁
119.0815

GP-CO
127.0866

Q
129.0659

y₁-H₂O
129.1022

y₁-NH₃
130.0863

b₂-2CH₃NO
140.0706

PA-CO
141.1022

GS
145.0608

y₁
147.1128

GP
155.0815

b₃-C₂H₅NO-C₃H₅NO
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b₂-C₃H₅NO
159.0764

b₂-CH₃NO-NH₃
168.0655

QG-NH₃
169.0608

PA
169.0972

b₂-CH₃NO
185.0921

QG
186.0873

b₂-H₂O
212.103

b₂-NH₃
213.087

b₃-C₃H₅NO
216.0979

SGP-H₂O
224.103

GPA
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b₂
230.1135
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b₃-C₂H₄O
243.1088
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287.135

SGPA-H₂O
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SGPA
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GSGPA
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374.167
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431.1885

GSGPAV-CO
441.2456

GSGPAV-H₂O
451.23

GSGPAV
469.2405

y₂*
490.2984

y₃*-H₂O
573.3355

b₇-H₂O
581.2678

y₃*
591.3461

b₇
599.2784

GSGPAVTA
641.3253

y₄*
662.3832

b₈
698.3468

y₅*
763.4308

b₉-H₂O
781.3839
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1087.611

y₁₀*-C₂H₄O
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1174.643
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1231.664

y₁₂*-H₂O
1341.712
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QE6_LC6_IAH_SUMO_HeLa_M_4_F3 4129 FTMS; HCD 154.49 572.97 POLH
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Advanced: POLH-K474-SUMO



y₁-NH₃
130.0863

y₁
147.1128

QQ-2*NH3
223.0713

QQ-H2O
239.1139

QQ-NH3
240.0979

QQ
257.1244

y₂-NH₃
258.1448

y₂
275.1714

QQT-NH3-H2O
323.135

QQT-2*NH3
324.119

QQT-NH3
341.1456

QQTG-NH3-H2O
380.1565

QQTG-NH3
398.167

b₂*
415.23

y₃
422.2398

QQTGG-NH3
455.1885

b₃*
516.2776

b₆²⁺
537.2829

y₉²⁺
543.7769

y₄
569.3082

y₅
656.3402

b₂
671.3471

y₆-H₂O
767.3723

b₃
772.3948

y₆
785.3828

b₄
873.4425

y₇
898.4669

y₈-H₂O
967.4884

y₈
985.4989

y₉-H₂O
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y₉
1086.547

y₁₀-H₂O
1169.584

y₁₀
1187.594

y₁₁
1258.6310

10
20

30
40

50
60

70
80

90
10

0
11

0
12

0
0

0.1
0.2

0.3
0.4

0.5
0.6

0.7
0.8

0.9
1

[1e6]

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

Raw file Scan Method Score m/z Gene names

QE6_LC6_IAH_SUMO_HeLa_M_2_F4 18596 FTMS; HCD 152 619.99 POLH
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IM Q
101.0709

IM E
102.055

LE-C₂H₄O₂-C₃H₆-CO
113.0709

IM F
120.0808

Q
129.0659

y₁-H₂O
129.1022

y₁-NH₃
130.0863

SL-C₃H₆-CO
131.0815

y₂-K
147.0764

y₁
147.1128

LE-C₂H₄O₂-CO
155.1179

TT-C₂H₄O
159.0764

TS-CO
161.0921

SL-2H₂O
165.1022

y₂-C₃H₅NO-H₂O-NH₃
169.0972

TS-H₂O
171.0764

AT
173.0921

SL-CO
173.1285

TT-CO
175.1077

SL-H₂O
183.1128

TT-H₂O
185.0921

TS
189.087

LE-C₃H₆
201.087

SL
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TT
203.1026

FQ-C₃H₅NO
205.0972

SF-CO
207.1128

LE-CO
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SF
235.1077

y₂-H₂O-NH₃
240.1343
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243.1339

y₂-H₂O
257.1608

y₂-NH₃
258.1448

y₂
275.1714
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276.1343

b₂*
415.23

y₃
422.2398

b₃*
516.2776
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QE6_LC6_IAH_SUMO_HeLa_M_2_F4 18596 FTMS; HCD 152 619.99 POLH
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a₂
145.0972

b₂-H₂O
155.0815

y₁-NH₃
158.0924

b₂
173.0921

y₁
175.119

QQ-2*NH3
223.0713

QQ-H2O
239.1139

QQ-NH3
240.0979

b₃-H₂O
256.1292

QQ
257.1244

y₂
304.1615

QQT-NH3
341.1456

b₄-H₂O
343.1612

y₃
375.1987

QQTG-NH3-H2O
380.1565

QQTG-NH3
398.167

y₄
446.2358

QQTGG-NH3
455.1885

b₅-H₂O
456.2453

b₆-H₂O
585.2879

b₆
603.2984

b₇-H₂O
672.3199 y₅*

789.4213

b₈-H₂O
819.3883

y₁₁²⁺
898.9499

y₆*
917.4799

b₉-H₂O
966.4567

y₅
1045.538

y₇*
1064.548

y₆
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y₈*
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y₉*
1298.649

y₇
1320.665

y₁₀-H₂O
1409.681

y₁₀-NH₃
1410.665

y₁₀*
1427.691

b₁₁-NH₃
1438.685

y₁₁*
1540.775
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a₂-C₄H₈
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QE6_LC6_IAH_SUMO_HeLa_M_1_F4 23233 FTMS; HCD 127.24 1174.57 POLH
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QE6_LC6_IAH_SUMO_HeLa_M_3_F2 16707 FTMS; HCD 58.35 684.32 POLH
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QE6_LC6_IAH_SUMO_HeLa_M_3_F2 16707 FTMS; HCD 58.35 684.32 POLH
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QE6_LC6_IAH_SUMO_HeLa_M_4_F3 27256 FTMS; HCD 103.85 1099.56 POLH
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QE6_LC6_IAH_SUMO_HeLa_M_4_F3 27256 FTMS; HCD 103.85 1099.56 POLH
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QE6_LC6_IAH_SUMO_HeLa_M_1_F6 7778 FTMS; HCD 142.27 716.37 POLH
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QE6_LC6_IAH_SUMO_HeLa_M_1_F6 7778 FTMS; HCD 142.27 716.37 POLH

- S F
b₂

L

y₂₀

b₃
Q
b₄

P

y₁₈

H S
c₇

S N
b₉

P
b₁₀

Q
b₁₁

V

y₁₁

b₁₂
V

y₁₀

S

y₉

A

y₈

V

y₇

S H Q

y₄

G K
qq

R

y₁

-

Advanced: POLH-K682-SUMO



y₁
156.0768

QQ-2*NH3
223.0713

y₂-H₂O
239.1139

QQ-NH3
240.0979

y₂
257.1244

QQT-NH3-H2O
323.135

QQT-2*NH3
324.119

QQT-NH3
341.1456

y₃
370.2085

QQTG-NH3-H2O
380.1565

QQTG-NH3
398.167

b₃
410.2623

y₄-H₂O
449.2507

QQTGG-NH3
455.1885

y₄
467.2613

b₆-H₂O
675.3685

b₆
693.3791

y₅*
810.4468

b₇
824.4196

b₈
952.4781

y₆*
957.5152

b₉-H₂O
1035.515

b₉
1053.526

b₁₀-H₂O
1148.599

b₁₀-NH₃
1149.583

b₁₀
1166.61

y₈-H₂O
1173.605

y₈*
1191.616

y₆
1213.632

b₁₁
1295.652

y₉-H₂O
1302.648

y₉*
1320.658

b₁₂-H₂O
1364.674

b₁₂
1382.685

y₈
1447.733

b₁₃-H₂O
1511.742

b₁₃
1529.753

y₉
1576.775 b₁₄-H₂O

1658.811

b₁₄
1676.821

0
10

20
30

40
50

60
70

80
90

10
0

11
0

12
0

0
0.2

0.4
0.6

0.8
1

1.2
1.4

[1e6]

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600

Raw file Scan Method Score m/z Gene names

QE6_LC6_IAH_SUMO_HeLa_M_1_F6 17905 FTMS; HCD 141.6 549.48 POLH

- R
b₁

P R
b₃

P E G
b₆

M
b₇

Q
b₈

T
b₉

L
b₁₀

E

y₉

b₁₁
S

y₈

b₁₂
F

b₁₃
F

y₆

b₁₄
K
qq
y₅*

P

y₄

L

y₃

T

y₂

H

y₁

-

Standard: POLH-K709-SUMO



IM Q
101.0709

IM E
102.055

IM M
104.0528

IM H
110.0713

IM F
120.0808

Q
129.0659

E
130.0499

y₁
156.0768

b₁
157.1084

TL-C₄H₈
159.0764

TL-CO
187.1441

SF-CO
207.1128

TL
215.139

SF
235.1077

y₂-H₂O
239.1139

y₂-NH₃
240.0979

LE
243.1339

y₂
257.1244

FF-CO
267.1492

FF
295.1441

PLT
312.1918

y₃
370.2085

b₃
410.2623

y₄-H₂O
449.2507

y₄
467.2613

PRPEG
537.278

b₆-H₂O
675.3685

b₆
693.3791

FK
747.3784

a₇
796.4247

y₅*
810.4468

b₇
824.4196

c₇
841.4461

a₈
924.4832

b₈
952.4781

y₆*
957.5152

a₉-C₂H₄O
981.5047

a₉-H₂O
1007.52

b₉-C₂H₄O
1009.5

a₉
1025.531

b₉-H₂O
1035.515

b₉
1053.526

a₁₀-H₂O
1120.604

b₁₀-C₂H₄O
1122.584

a₁₀
1138.615

b₁₀-H₂O
1148.599

b₁₀-NH₃
1149.583

b₁₀
1166.61

y₈*-H₂O
1173.605

y₈*
1191.616

y₆-NH₃
1196.606

y₆
1213.632

a₁₁
1267.658

y₉*-2H₂O
1284.637

b₁₁
1295.652

y₉*-H₂O
1302.648

y₉*
1320.658

b₁₂-H₂O
1364.674

b₁₂
1382.685

y₈-H₂O
1429.722

y₈
1447.733

a₁₃-H₂O
1483.747

a₁₃
1501.758

b₁₃-H₂O
1511.742

y₉-3H₂O
1522.744

b₁₃
1529.753 y₉-2H₂O

1540.754

y₉-H₂O
1558.765

y₉
1576.775 b₁₄-H₂O

1658.811

b₁₄
1676.821

c₁₄
1693.848

0
10

20
30

40
50

60
70

80
90

10
0

11
0

12
0

0
0.2

0.4
0.6

0.8
1

1.2
1.4

[1e6]

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600

Raw file Scan Method Score m/z Gene names

QE6_LC6_IAH_SUMO_HeLa_M_1_F6 17905 FTMS; HCD 141.6 549.48 POLH

- R
b₁

P R
b₃

P E G
b₆

M
b₇

Q
b₈

T
b₉

L
b₁₀

E

y₉

b₁₁
S

y₈

b₁₂
F
b₁₃

F

y₆

b₁₄
K
qq
y₅*

P

y₄

L

y₃

T

y₂

H

y₁

-

Advanced: POLH-K709-SUMO


	SUMO-PolH. JCB-R. Supplemental Legends FIG
	SUMO-PolH. Figure S4

