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Fig. S1. Characterization of the ATM DDR activation by DSB and SSB plasmids in the HSS

(Related to Fig. 1).

(A) Quality control of CTL, SSB and DSB plasmid. (B) CTL or DSB plasmid was added to HSS at
different concentrations as indicated, and incubated for 30 min. Extracts were examined via
immunoblotting analysis as indicated.

(C) CTL or DSB plasmid was added to HSS at a final concentration of 10 ng/uL. After different
times of incubation at room temperature, the extracts were examined via immunoblotting

analysis.

(D) ATM inhibitor KU55933 (1mM), ATR inhibitor VE-822 (1mM), or DNA-PK inhibitor NU7441
(25uM) was added to HSS supplemented with CTL or SSB plasmid (40 ng/uL). After a 15-min
incubation, total egg extracts were examined via immunoblotting analysis as indicated.

(E) Mre11 inhibitor Mirin (100pM) was added to HSS supplemented with CTL or SSB plasmid
(40ng/pL). After incubation for 15 min, the extracts were examined via immunoblotting.

(F) Quantification and statistical analysis of P-ATM vs total ATM from experiments shown in Panel

(E). a.u., arbitrary units. Data are presented as mean values

paired t-test). n=3.

1+ SD. ** p=0.0054 (two-tailed,



(G) CTL or SSB plasmid was added to Mock- or Nbs1-depleted HSS. After a 15-min incubation,
the egg extracts were examined via immunoblotting analysis as indicated.

(H) H2O (No DNA), CTL or SSB plasmid (40ng/pL) was added to HSS. After room temperature
incubation for 10 min, the total egg extracts ("Input") and DNA-bound fractions were examined
via immunoblotting.

(I CTL or SSB plasmid was added to HSS at a final concentration of 40ng/uL. After different times
of incubation at room temperature, the extracts were examined via immunoblotting analysis
for Chk1 phosphorylation (P-Chk1) and Chk1.

The data presented in Panel B-D and G-I are representative of three biological replicates. ] in

Panel E and G indicates mobility shift of Mre11 or Nbs1. } indicates non-specific bands. Source

data are provided as a Source Data file.



A DMSO VE-822 B,- 1007 DMSO C
0 5 15 30 (min)

Bl VE-822 ok

751 —
" LATM
| §
50
180kD:
251 3SKDE|PCNA
1 2

0l
D 5min 15min 0 5 15 30

AMock AAPE2 AMock AAPE2 min

AMock
AATM

-Nicked

-Circular

1kb.
1.2 3 4 5 6 7 8

SSB Repair Efficiency (%)

-4 o J 0 o m J o
E k= O Koo o0
O n O n O n O n

E _DOMso ARos F 10min 20min
5 % E 3 AMock AAPE1 AMock AAPE1
O v
- m ;0O , m 5 0
- N TR T T PATM = a
— g — - -ATM } 'L_> 8 5 @ 6 @ 5 cé)
— e~ B M-PATM
} 180KD- 4 : . =
180kDA oy Sy g AT 180kD. - .

T 8 ad T L om0 -
t2eds e e —— FERRARS
poss o
Nbs1 1a0k0 N8 o I T 2
G Input DNA-bound 15kD{ ==  —]yH2AX 15kD] _ wm == @@ | yH2AX
DMSO KU55933 DMSO  KU55933 15kD-|:|H2Ax 15kD{ \H2AX
2 =
FAEBEOE® P-Chkt o= = == |APE1
58585863 s5kD = = == e i s e
40kD4__4-—-1,.._ — "':IAPE1 1 2 3 4

1
15kDm Histone3

12 3 45 6 7 8

H Input DNA-bound | GST-APE1
5 < X v 8
CTL SSB CTL ___SSB g S v § 2 «
_ —_— S E L 3 T E E ©
DMSO __ AR03 DMSO _AR03 2 8 28 33 &
0.250.5 1 02505 1 (mM) 180kD{==
70kDA -— - -
~8r . tf’ - LATM 55kD] —
40kD{ ~=
35kD{
“Aav . “ — -
25kD{
180kDA
100kD4"*I - - ‘| Mre11 19K
15kD-|— -—-eew - |Histone3 10kD
123 4 5 6 7 8 9 10 12 3 4 5 6 7 8

Fig. S2. Characterization of SSB repair and regulatory mechanisms of SSB-induced ATM

activation in the HSS system (Related to Fig. 2).

(A) SSB plasmid was added to HSS supplemented with DMSO or ATR inhibitor VE-822 (1mM).
After different incubation times, the DNA repair products were isolated and analyzed on an
agarose gel.

(B) Quantification and statistical analysis of experiment results shown in (A). Data are presented
as mean values + SD. **p(5min) =0.0030; **p(15min) =0.0016; ***p(30min)=0.0003; two-
tailed, paired t-test, n=3.

(C) The efficiency of ATM depletion from HSS was examined via immunoblotting.

(D) CTL or SSB plasmid was added to Mock- or APE2-depleted HSS. After different incubation
times (5 and 15 min), the egg extracts were examined via immunoblotting analysis as
indicated.

(E) CTL or SSB plasmid was added to HSS supplemented with ARO3 at a final concentration of
1mM. After incubation for 15 min at room temperature, the egg extracts were examined via
immunoblotting analysis as indicated. ] indicates mobility shift of Nbs1.



(F) CTL or SSB plasmid was added to HSS supplemented with AR03 at different concentrations
(0.25mM, 0.5mM and 1mM). After a 5-min incubation, the total egg extracts and DNA-bound
fractions were examined via immunoblotting.

(G) CTL or SSB plasmid was added to HSS supplemented with KU55933 (1mM). After 10 min
incubation, the total egg extracts and DNA-bound fractions were examined via
immunoblotting. Histone3 was used as loading control.

(H) CTL or DSB plasmid was added to Mock- or APE1-depleted HSS. After different incubation
times (10 and 20 min), the egg extract was examined via immunoblotting analysis as
indicated.

(I) Coomassie blue staining of mutants and truncations of GST-APE1 recombinant proteins.

The data presented in Panel A, and C-l are representative of three biological replicates. } indicates

non-specific bands. Source data are provided as a Source Data file.
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Fig. S3. Purified GST-APE1 protein also triggered ATR DDR in the HSS system (Related to

Fig. 3).

(A) GST or GST-APE1 was added to HSS at different concentrations as indicated and incubated
for 30 min. Extracts were examined via immunoblotting analysis for ATR pathway as indicated.

(B) GST or GST-APE1 was added to HSS at a final concentration of 16uM. After different time of
incubation at room temperature, the extracts were examined via immunoblotting analysis for
ATR pathway as indicated.

(C) GST, GST-APE1-WT, GST-APE1-ANT34 (AA35-316), GST-APE1-ANT100 (AA101-316) or
GST-APE1-NT34 (AA1-AA34) was added to HSS at a final concentration of 16uM and
incubated for 30 min. Extracts were examined via immunoblotting analysis for ATR signaling
as indicated.

(D) Related to Fig. 3E and S3C. Extracts were also examined via immunoblotting analysis for
GST to ensure the addition of GST-fused proteins were equal.

(E) GST, GST-APE1-WT, or GST-APE1-W118R was added to HSS at a final concentration of
16uM and incubated for 30 min. Extracts were examined via immunoblotting analysis for ATM
and ATR DDR pathways as indicated.

(F) GST, GST-APE1-WT, or GST-APE1-D306A was added to HSS at a final concentration of
16uM and incubated for 30 min. Extracts were examined via immunoblotting analysis for ATM
DDR pathway as indicated.



(G) Different volumes of HSS and different quantities of recombinant GST-APE1 proteins were
examined via immunoblotting analysis using anti-APE1 antibodies.

The data presented are representative of three biological replicates. ] in Panel E and F indicates

mobility shift of Mre11 or Nbs1. } indicates non-specific bands. Source data are provided as a

Source Data file.
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Fig. S4. SDS PAGE analysis of purified recombinant proteins (Related to Fig. 4).

(A) Coomassie blue staining of His-hChk2 recombinant protein.

(B) Coomassie blue staining of Flag-hATM recombinant protein.

(C) Coomassie blue staining of His-APE1-N34 recombinant protein.

*indicates some potential contaminating or degradation products in the preparation. The data
presented are representative of three biological replicates. Source data are provided as a Source
Data file.
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Fig. S5. Characterization of various WT/mutant GST-APE1 protein in ATM DDR activation

and kinase assays (Related to Fig. 5).

(A) GST and ANT34 GST-APE1 were examined for interaction with His-APE1-NT34 in the
interaction buffer. Input and GST-PD (pulldown) samples were examined via immunoblotting
analysis using anti-His and anti-GST antibodies.

(B) Coomassie blue staining of GST-APE1 K-R mutant recombinant proteins.

(C) Coomassie blue staining of GST-APE1 K-A mutant recombinant proteins.

(D) GST, WT, K6R/K7R, K25R/K26R, K33R, K6R/K7R/K25R/K26R, 5KR was added to HSS at a
final concentration of 16uM, and incubated for 30 min. Extracts were examined via
immunoblotting analysis for ATM DDR pathway as indicated.

(E) GST, WT, K25A/K26A, K33A, K6A/K7A/K25A/K26A, 3KA, or 5KA GST-APE1was examined
for interaction with WT Myc-APE1 in the interaction buffer. Input and bead-bound fractions
were examined via immunoblotting analysis for Myc and GST.

(F) Kinase assays were performed with GST, GST-APE1-WT or 3KA, Flag-hATM and His-hChk2.



Phosphorylation was visualized with anti-Chk2-P-T68.

(G) Quantification and statistical analysis of the ratio of P-hChk2 vs. hChk2 from (F). Data are
presented as mean values + SD. **p=0.0071 (two-tailed, unpaired t-test). n=3.

(H) SSB plasmid was added to Mock-depleted or APE1-depleted HSS supplemented with
negative control, WT and 3KA Myc-APE1 protein. After a 20-min incubation, the total egg
extracts were examined via immunoblotting.

(I) Increased concentrations of purified His-hAPE1 was added to PANC1 nuclear extracts for a
30-min incubation. The total samples were examined via immunoblotting analysis.

(J) Purified WT or ANT34 His-hAPE1 protein (0.55mM) was added to PANC1 nuclear extracts
for a 30-min incubation. The total samples were examined via immunoblotting analysis.

(K) His-hAPE1 protein or GST-APE1 protein was added to HSS at different concentrations as
indicated, and incubated for 30 min. Extracts were examined via immunoblotting analysis for
ATM pathway as indicated.

The data presented in Panel A-F and H-K are representative of three biological replicates. ] in

Panel D, H and K indicates mobility shift of Mre11 or Nbs1. } indicates non-specific bands. Source

data are provided as a Source Data file.
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Table S1. DNA sequences of oligos used in this work.

Sour | Identifi

Primer ID Sequence ce er
pGEX-4T1-xAPE1 (F) | 5-GGGGGGGATCCATGCCCAAGAGAGGGAAGAAG-3 &3 N/A
pGEX-4T1-xAPE1 (R) | 5-GGGGGCTCGAGTTATATGGCCATCAAGAGTG-3 63 N/A
pGEX-4T1-xAPE1- 5-GGGGGGGATCCGCAAAAGAGCCAGAACCAGTTG-3' | N/A
ANT34 (F)
pGEX-4T1-xAPE1- 5-GGGGGGGATCCAAATTGCTGCCTCCAGATG-3 63 N/A
ANT100 (F)
pGEX-4T1-xAPE1- 5-GGGGGCTCGAGTTAAGCCTTCCCTGCTCCCTTCTT- | This N/A
NT34 (R) 3 paper
pGEX-4T1-xAPE1- 5’'GAATACCCCCACAAATACCGGGCATGCCCTGATGAA | This N/A
W118R (F) AAG-3 paper
pGEX-4T1-xAPE1- 5CTTTTCATCAGGGCATGCCCGGTATTTGTGGGGGTA | This N/A
W118R (R) TTC-3 paper
pCS2+MT-xAPE1 (F) | 5-GGGGGCCATGGAGATGCCCAAGAGAGGGAAGAAG- | & N/A

3
pCS2+MT-xAPE1 (R) | 5-GGGGGCTCGAGTTATATGGCCATCAAGAGTG-3 63 N/A
pCS2+MT-xAPE1- 5’ GGGGGCCATGGAGGCAAAAGAGCCAGAACCAGTTG | This N/A
ANT34 (F) -3 paper
pCS2+MT-xAPE1- 5-GGGGGCTCGAGTTATATGGCCATCAAGAGTG-3’ This N/A
ANT34 (R) paper
pET-28a-xAPE1- 5-GGGGGGGATCCATGCCCAAGAGAGGGAAGAAG-3’ This N/A
NT34 (F) paper
pET-28a-xAPE1- 5-GGGGGCTCGAGTTAAGCCTTCCCTGCTCCCTTCTT- | This N/A
NT34 (R) 3 paper
pET-28a-hChk2- 5-GGGAAGCTTGCATGTCTCGGG AGTCGGATGTTG-3' | This N/A
D347A (F) paper
pET-28a-hChk2- 5-GGGCTCGAGTCAACACAGCAGCACACACAG-3 This N/A
D347A (R) paper
pGEX-4T1-xAPE1- 5’CCATGCCCAAGAGAGGGAGGAGGGAAGAAGTTTGT | This N/A
K6R/K7R (F) GCTGC-3 paper
pGEX-4T1-xAPE1- 5’ GCAGCACAAACTTCTTCCCTCCTCCCTCTCTTGGGCA | This N/A
K6R/K7R (R) TGG-3 paper
pGEX-4T1-xAPE1- 5’ GGAATGAACCGGAAGTTAGGAGGGGGAAGAAGGGA | This N/A
K25R/K26R (F) GCAGG-3 paper
pGEX-4T1-xAPE1- 5- This N/A
K25R/K26R (R) CCTGCTCCCTTCTTCCCCCTCCTAACTTCCGGTTCATT | paper

CC-%
pGEX-4T1-xAPE1- 5’ GAAGAAGGGAGCAGGGAGGGCTGCAAAAGAGCCAG | This N/A
K33R (F) -3 paper
pGEX-4T1-xAPE1- 5-CTGGCTCTTTTGCAGCCCTCCCTGCTCCCTTCTTC-3’ | This N/A
K33R (R) paper
pGEX-4T1-GST- 5’ GGGGGAAGAAGGGAGCAGGGAGGGCTGCAAAAGAG | This N/A
XAPE1- CCAGAACC-3 paper
K6R/K7R/K25R/K26R
/K33R (F)
pGEX-4T1-GST- 5GGTTCTGGCTCTTTTGCAGCCCTCCCTGCTCCCTTCT | This N/A
XAPE1- TCCCCC-3 paper
K6R/K7R/K25R/K26R
/K33R (R)
pGEX-4T1-xAPE1- 5’CCATGCCCAAGAGAGGGGCGGCGGAAGAAGTTTGT | This N/A
K6A/KT7A (F) GCTGC-3’ paper
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pGEX-4T1-xAPE1- 5’GCAGCACAAACTTCTTCCGCCGCCCCTCTCTTGGGC | This N/A
K6A/K7A (R) ATGG-3 paper
pGEX-4T1-xAPE1- 5’ GGAATGAACCGGAAGTTGCGGCGGGGAAGAAGGGA | This N/A
K25A/K26A (F) GCAGG-3 paper
pGEX-4T1-xAPE1- 5’CCTGCTCCCTTCTTCCCCGCCGCAACTTCCGGTTCA | This N/A
K25A/K26A (R) TTCC-3 paper
pGEX-4T1-xAPE1- 5’ GGGGAAGAAGGGAGCAGGGGCGGCTGCAAAAGAGC | This N/A
K33A (F) CAGAACCAG-3’ paper
pGEX-4T1-xAPE1- 5CTGGTTCTGGCTCTTTTGCAGCCGCCCCTGCTCCCT | This N/A

K33A (R)

TCTTCCCC-3

paper
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