Supporting Information

Table S1: FPLC columns used for protein purification.

Sample 1%t column 2" column 3™ column
6His.Ligll1170-755 HisTrap HP Superdex200 16/60 -
6His.Flag-TDP1 HisTrap HP Superdex200 16/60 -
6His.Liglllo-Flag-TDP1 HisTrap HP HiTrap Q Superdex200 16/60
6His.Ligl11170-755-Flag-TDP1 HisTrap HP HiTrap SP Superdex200 16/60
Ligllla-6His-XRCC1 HisTrap HP Superdex200 16/60 HiTrap Q
Strep-Ligllla-6His-XRCC1- HisTrap HP Superdex200 16/60 HiTrap Q

TDP1
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Figure S1: TDP1 interacts with different versions of LigIII-DBD but not with XRCC1 (a) Upper panel, 10% input of LigllIf3, LiglII-DBD152-

390, LigllI-DBD170-373, LigllI-DBD170-390, LigllI-DBD152-396, LigllI-DBD170-396, respectively (Lane 1-6). Immunoblotting with mouse anti-6His
mAb (Abcam). Lower panel, binding of Flag-TDP1 (10 pmol) to Ni-beads liganded by full length LiglIIB and five different DBD domains (10 pmol
of each). Ni-beads alone with Flag-TDP1 is the control lane along with 10% Flag-TDP1 input. Immunoblotting with mouse anti-Flag M2 (Sigma
Aldrich). (b) Left panel, binding of TDP1 and PARP1 (10 pmol of each) to Glutathione-S-transferase beads liganded by GST-XRCC1 (10 pmol)
(lanes 1 and 2). Lanes 3 and 4 represent controls with beads liganded by GST + 6His.Flag-TDP1 and beads alone + 6His-Flag-TDP1, respectively.



Immunoblotting with mouse anti-6His mAb (Abcam) Middle panel, 10% input of 6His.Flag-TDP1, 6His-PARP1, and GST (Right panel).
Immunoblotting with mouse anti-6His (Abcam) and anti-GST (Santa Cruz Biotechnology)

a . .
@ B Secrine B Threonine B Tyrosine

75_ I
61

PSM No.

W

—
Coverage

608 0
117 147 299 91 429 434 563 | 84 /iJ

3 ———

TDP1-WT 1| 13 14 18
255 -

250 4
177

1\
\

PSM No.

10

) l l

1
TDP1-S81E I 61 68 92117 147 172 2492381 429 438 563

260 .

255 =
24
20

1% 100%

\|

PSM No.

e B

1
TDP1-S81A 61 117 172 245 249 419 429 463 518 563

I 608

98%




(b)
[K].FFAGSQEPMATFPVPYDLPPELYGSK.[D]

20080TAIRFSAMO7078_S81A-GT.raw #11217 RT: 73.3487 mn
ITMS, $96.1184@c035.00. z=43, Mono mz=895, 44658 Da, MH+=2984 32520 Da. Match Tol=0.6 Da

4000 4

3000 4
3
3
= 2000 4
£

ve-NH ey
19001 4 1069.91
Vi, Vi -H:O, yir?-NH -
0 L : ;
1800 2000

[R].TSLEGYPAGGSLPYSIQTAEK.[Q]

200807 AIRFSAMOTOTS -GT.raw #8035 RT.
ITMS, 1125.5426@cid35.00, 2=+2. Mono miz=
1000 o
800 4
:
8 &0 ] R
E v (-P) ve-H,0
H 1095.68
= 400 4 Vie®
yu-H:0 150188 yi-H:0
Vs 1298.79 e 1800.97
1 1018.69 1116.57 yis (-P)
200 (-P) X = v (-P) N 2 Vi
46130 by 1276.02 77 > 150097 1819.07
| B by 1276.02 3 by, vio-NH 819.07
@ i I ST S e BN NPT 0. | | I, " S Y P
400 600 800 1000 1200 1400 1800
mz




[K].AHLHAQAKPYENISLCQAK.[L]

200731AIRFSANOTO77_
TS, 1102.5394@<d35.00

Intors iy fcounts]

Traw #6345 RT. 54.3179 min
Mono m/z=1102 03545 Da, MH+=2203 06362 Ds. Match Tol =0.6 Da

3000 ] )
vi&-H:O, y

2500

2000

8
s

H.O, y:#NH, 956.59

1000 4

500 J

151 87349 092 i3
s LT N |

1
2000

T
1800

[R].LKEEEDEYETSGEGQDIWDMLDK.[G]

Intens iy [counts]

200807AIRFSAMO7078_S81A-GT.raw #10402 RT. 69.5333 mn
ITMS, 947.3856@0d35.00, 7=+3. Mono mz=947.04680 Da, MH+=2839 12585 Da. Match Tol.=0.5 Da

3000
b3® (-F) by*-H:O

3000
91148  950.90

7000 4

8000
by Ve

5000 <%
103650 103554

4000 4

3000

2000 4

1000 J

s b. [ v,
Ve A 1061.19
_M L:All.'~l[1 Ak

Vio©
1220.58

by-NH,, by ~-H.0

1415.91

< bys”

1000

500

2000




[K].TAWFLVTSANLSK.[A]

200807AIRFSAMO7078_S81A-GT.raw #10438 RT: 69.5375 mn
ITMS, 766.3804@cd35.00, 7=+2. Mono mz=765 87656 Da, MH+=1530.74584 Da. Match Tol.=0.5 Da

1000
2800 4
:
i 600 by
z 1 Dy
£ 37118 X :
= - b (o Y 693, Ys ye©
1 450.39 4 613.32 699.77 ‘ 1013.62 v
b H v ( H
I by iz
200 4 7= 59.26 by i i = Byy
- 26| | b | ‘ 989,80 B 138497
21417 : 518.72 4] 1104.0 -
" > WP P IR WihistadOR | bl o
200 400 600 800 1000 1200 1400
we
[K].WLCSEFKESMLTLGK.[E]
MT0T8_SS1A-GT.raw #9783 RT 66.6842 mn
@cd35 00. z=+2. Mono mz=926.41311 Da, MH+=1851.81895 Da. Match Tol =0.6 Ds
1« -NH;, y2™HO  b7~-NH;
10 ] §24.61 877.7.
?’ e
e
H
7
8] -
: §94.61
B4 -
2 Vi ye W
bios 41834 Bl | 83358 J
o L : | : ) LL { Lllﬂllalh L 4 | ;
400 600 800 1200 1800




[K].KEKDISAPNDGTAQR.[T]

RT: 29 4943 min
70.59624 Da, MH+=1709.77448 Da. Match Tol.=06 Da

200807 AIRFSAMOT078_S81A-GT raw #20
ITMS, 570 5992@cd35.00, z=+3. Mono m’

15
]
7 10
g
z
H
E

s

v
761.42 791.81
o T . - T T T T T
200 800 1000 1200 1400 1600

200807AIRFSAMOT0TS_S81A-GT.raw 27238 RT. 54.5861 mn
TMS, 1022.9957@cic35.00. 2=+2, Mono miz=1022 89057 Da, MH+=2044.

7 De, Match Tol.=0.6 O

2000 4
1500 4
7
£
g
& 1000
:
500 4
b b v . | k2 x 3
w3y YN 610.65 73 88 l 65 1294,
o ; il ; . dosde S Lt i B B : ; : . i : . .
400 600 800 1000 1200 1400 1600 1800 2000




[K].RKISPVK.[F]

raw #7440 RT. 49.9620 mn

20073 1AIRFSAMO7077_SS1E:
ITMS. 454.2591@cid35.00, 2=

Mono myz=454 25912 Da. M-+=807 51087 Da, Match Tol =0.6 Os

by
398.25
by"-NH,
381.24 be (-P)
ve 564.00 606,57 663.50
T L L - ¥ T T ~ L T T T
200 400 500 600 700 800 800

20073 ARFSAMD KE aw #10225 AT 526555 mn
ITMS, 673 3436@ck: iono m'z=673.34357 Da, M-+=2012 01615 Da. Metch Toi =0 6 Da
20
yis®*
616.64
s 15
e
7
=
S0
&
£ y©
£ 794.29
5 3 i
66459 | ¥as™"
3555,18 “ % 802.22
. L bl L fod | .
1000 1500
mz

2000




[K].DISAPNDGTAQRTE.[N]

2 RT. 40.6331 mn
82214 Da. MH+=1554.62701 Da, Match Tol=0.6 D

200731 AIRFSAMOT

3000 4
2500 4
7
5 2000 4
z
£ 1500
1000 §32.06
500 by (-P) vy~
853.44 §77.22 .75
° Laludl ” ;
200 600 800 1400
[R].KISPVKFSNTDSVLPPK.[R]
200731AIRFSAMOTOTT_S8 raw #14619 RT 92 8851 mn
THS. 363 503003500, 2=+2. Mano mz=965 80467 Da. HH+=1338 00207 Da. Metch Toi=0.6 Ds
2000 4
—f. 1500
x
£ 1000
£
500 | . . :
2o 100295 v& . i
Ve ¥ s Vid
. L bs] 515 1598.03
45437 . | 3L“ 1051.52 us $605.5
, - s el Lo boit AR PP NOPTY TX NS FRPUR Wi T WYY SR U enal [ .
1200 1400 1600 1800

800 1000

mz




[R].VVIHTSNLIHADWHQK.[T]

SAMOTOTT_S81E-GTraw #6504 RT. 550444 mn
9098@od 2. Mono m'z=B88. 48564 D, Mem19

7.46600 Da. Matoh Tol.=0.6 Da

» , : : ; ; Mli Ll
[K].TPGKSSVPLYLIYPSVENVR.[T]

400 600 800

1600

2000




[K].ESKTPGKSSVPLYLIYPSVENVR.[T]

Intersdy [counts] (10°3)

200721AIRFSAMOT!
TS, 832 1187@0035.

0

GTraw #2716 RT 652322 min
3. Mono mz=881,77686 D, MH+=2643,31602 Da. Match Toi.=0.6 Ds

1000

mz

J
2000

Intonsy [counts]

2007314
TMS, 791.34;

1200

1000

800 |

%00

200

600

800

T
1200




[K].ESMLTLGKESKTPGK.[S]

RT 43

60 min
MH#=1701.79915 Ds, Mstch T0i.=0.6 Ds

2000

1500

Intonsiy [counts]

1000 ]

1400 1600

[K].SGAQEDLGWCLSSSDDELQPEMPQK.[Q]

S21AGT.raw 25207 RT. 63.9340 mn
00, z=42, Moo miz=1444 08168 Ds, MH+=2857.15608 Da, Match Tol.=0.6 Ds

200807 AIRFS,

1500 4
1000
z by
1558.71
s00 | i &
Y7 i. - ey
be” §57.50 . 1670.69 .
588.42 LR it
0 L L . Eal A i | |
; .
1600 1800

T T
400 600 800




[K]. SGEQEDLGWCLSSSDDELQPEMPQK [Q]

79){ l;

B 484.18 U | _4‘

Figure S2: Identification and comparison of phosphorylated sites in insect cell-expressed TDP1 variants (WT, S81E and S81A) by mass
spectrometry. (a) Bar diagram representing peptide spectrum matches (PSM) of TDP1-WT (top), TDP1-S81E (middle) and TDP1-S81A (bottom)
at different amino acid positions. PSM indicates the total number of times the phosphorylated peptide was identified. Bold number indicating
modified amino acid residues identified in more than one TDP1 variant. Modified residues were detected with 84-100% coverage of the protein
sequences. (b) Peptide spectra detected via mass spectrometry post-translational modification studies. The phosphorylated residue is indicated in
red. The last two peptides spectra represents the peptides containing the amino acid substitutions at S81 (S81>S81A and S81S>S81E) indicated in

blue.
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Figure S3: Single amino acid changes within the TDP1 N-terminal region reduce binding with Liglll. Upper panel (left), 10% input of insect
cell synthesized TDP1 (Flag-TDP1), bacteria synthesized full length GST-TDP1, GST-TDP1-S563A, GST-TDP1-S563E, GST-TDP1-S117A, GST-
TDP1-S117E, GST-TDP1-S61A, and GST-TDP1-S61E, lanes 1-8 respectively. Immunoblotting with rabbit anti-TDP1-C-term pAb (Abcam)
Bottom panel (left), binding of wild type (bacteria and insect cell synthesized) and single amino acid mutants (bacteria) TDP1 to Ni-beads liganded
by full-length LigllIp (10 pmol of each). Right panels, control blots showing Ni-beads liganded by Liglllp + GST (GST negative control), Ni-beads
alone + GST-TDP1 (negative control), Ni-beads liganded by Liglllp + GST-TDP1 (positive control), and 10% GST input control. Immunoblotting

with rabbit anti-GST pAb (Abcam).



s
(a) & %\Q)%\Y. 0\\' \'.&o
Q

%'V Sé;c’
@@@@&
M 1 23 4 5
150 - gur v oo - Liglll
100 -
75 - - - -
o o
o - -

25-“ |

Ni-NTA Pulldown
(Anti-GST)

& S
QO
ST SF S

Glutathione Beads
Pulldown (Anti-TDP1)

(b)

g‘cgo\ NN .\\\&
RS S
&0 Q Q PG
M M
150 - 150 -
100 - 100 - ™
75 - -- e 75 = -
"
L
25- 25 “
20% Input 20% Input

Figure S4: Similar binding of insect cell-expressed versions of TDP1 with substitutions of Ser81 with DNA Liglll. (a) Left panel, binding of
GST-Ligllp (10 pmol) to Ni-beads liganded by 6His-Flag-TDP1 (WT, S81E and S81A) (Lane 1-3) (10 pmol of each). Lanes 4 and 5 represent
controls with Ni-beads alone + GST-LigllIf (negative control) and Ni-beads alone + GST (GST negative control), respectively. Immunoblotting
with mouse anti-GST mAb (Santa Cruz Biotechnology). Right panel, binding of GST-LigllIf (10 pmol) to glutathione S-transferase bead liganded
by TDP1-WT, TDP1-S81E and TDP1-S81A (lane A-C, 10 pmol of each). Lanes D and E represent controls with glutathione S-transferase beads
alone + TDP1-WT (negative control) and glutathione S-transferase beads liganded by GST + TDP1-WT (GST negative control), respectively.
Immunoblotting with mouse anti-TDP1 mAb (Santa Cruz Biotechnology). (b) Left panel, 20% input of TDP1-WT, TDP1-S81E, TDP1-S81A and
(right panel) 20% input of GST and GST-LigllIf. Immunoblotting with mouse anti-TDP1 mADb (Santa Cruz Biotechnology) and mouse anti-GST

mADb (Santa Cruz Biotechnology).
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Figure S5: Kinetic analysis of TDP1 (WT, S81E and S81A) binding to Liglll. Representative sensorgrams of Flag-tagged TDP1 variants; panel
a, WT; panel b, S81E and panel ¢, S81A binding to COOH sensor with Liglll. For each analyte sample, three different concentrations (3.66 nM, 11
nM and 33 nM) were injected and analyzed. (d) Kinetic (KD) analysis of the three TDP1 variants with the standard deviation (S.D.) using
TraceDrawer software.
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Figure S6: TDP1216-384 interacts with full length LigllIB and Ligll1-DBD. (a) Left panel, binding of GST-TDP1, GST-TDP1149-608 and GST-

TDP1216-384 to (10 pmol of each) to Ni-beads liganded by full length Liglll (10 pmol). Immunoblotting with rabbit anti-GST pAb (Abcam).
Middle panel, control lanes with Ni-beads alone + GST-TDP1 (negative control) and Ni-beads liganded by Ligllp + GST (GST control). Right

panel, 20% input of GST-TDP1, GST-TDP1149-608, GST-TDP1216-384 and GST. Immunoblotting with rabbit anti-GST mAb (Abcam). (b) Left
panel, binding of Ligll1-DBD (10 pmol) to glutathione S-transferase beads liganded by GST-tagged TDP1, GST-TDP1149-608 and GST-TDP1216-

384 (10 pmol of each). Immunoblotting with mouse anti-6His mAb (Abcam). Middle panel, 20% input of Ligll1-DBD, glutathione S-transferase
beads only + Liglll-DBD (negative control) and glutathione S-transferase beads liganded by GST + Liglll-DBD (GST negative control.)

Immunoblotting with mouse anti-GST mAb (Santa Cruz Biotechnology). Right panel, 20% input of GST-TDP1, GST-TDP1149-608, GST-TDP1216-
384 and GST. Immunoblotting with mouse anti-GST mAb (Santa Cruz Biotechnology). * represents the band for the protein of interest.
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Figure S7: Purified DNA Liglll associated protein and protein complexes. (a) Lanes 1-8 represent LiglIIp, LiglIll170-755, Ligllla-TDP1,

Liglll170-755-TDP1, Ligllla-XRCC1, Ligllla-XRCC1-TDP1, XRCC1 and TDP1, proteins and protein complexes, respectively. All proteins were
purified after expression in insect cells except for LigllIf. (b) Purification and complex formation by Ligllla. and TDP1. Major peak fractions were



run in an SDS-PAGE gel for verifying the complex formation. (c) Purification and complex formation by Liglllo, TDP1 and XRCC1. Major peak

fractions were run in an SDS-PAGE gel for verifying complex formation.

(a) (b)

= TDP1
TDP1 + A Phosphatase
= TDP1-S81E

1(9)/1(0)+(q+Rg)*

P(r) normalize

0 20 40 60 80 100 120 140
r (A)

unfolding = TDP1
ccccccp TDP1 + A Phosphatse
TDP1-S81A
m TDP1-S81E

%,

0.5 1.0 1.5 2.0 25 3.0 3.5 40 45 50 55 6.0 65 7.0 7.5 8.0
q:Rg

Figure S8: TDP1-S81E adopts a compact conformation similar to TDP1 wild type. a) Normalized P(r) functions for experimental SAXS curves
for TDP1 (red), TDP1 treated with A phosphatase (green) and TDP1-S81E (blue) indicate a similar conformation of TDP1 and TDP1-S81E (b)
Comparison of normalized Kratky plots of TDP1 (red), TDP1 treated with A phosphatase (green), TDP1-S81E (blue) and TDP1-S81A (cyan).

Kratky plots show increased unfolding of TDP1-S81A.
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Figure S9: Experimental and theoretical SAXS profiles. (a) Experimental SAXS curves (black) for TDP1, TDPL1 treated with A phosphatase and
TDP1149-698 are fitted to the theoretical SAXS profiles (colored as indicated) calculated for the atomistic models shown in Fig. 4c or the TDP1149-

608 crystal structure (PDB 1JY1). (b) Experimental SAXS curves (black) for Liglll170-755-TDP1 and LiglllI-TDP1 are fitted to the theoretical SAXS
profiles (colored as indicated) calculated for the atomistic models shown in Fig 6¢. All SAXS fits are shown together with the fit residuals in the
lower graph and x?values indicating goodness of fit. Corresponding Guinier plots, with qRy<1.5 are shown in inset.
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Figure S10: Enzyme activity of purified Liglll associated protein and protein complexes. (a) Ligation activity of purified DNA LigllIp,

Liglll170-755, Liglll170-755-TDP1, Ligllla-TDP1, Ligllla-XRCC1 and Ligllla-XRCC1-TDP1 (50 fmol of each). Proteins were incubated with a
labeled duplex oligonucleotide substrate containing a single ligatable nick substrate (500 fmol) as described in Experimental Procedures. Bar diagram
showing % of ligated substrates with standard error of mean calculated from three independent experiments (b) Removal of 3’tyrosine from a labeled



duplex oligonucleotide with a 3 ’-phosphotyrosine at a single nick (500 fmol) by TDP1, Ligllla-TDP1, Liglll170-755TDP1 and Ligllla-XRCC1-
TDP1 (50 fmol of each). Bar diagram showing % of removed tyrosine moiety complexes with standard error of mean calculated from three
independent experiments.
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Figure S11: Raw data and metrics of negative stain EM of TDP1, Liglll170-755-TDP1 and Liglll-TDP1. Representative raw micrographs

(upper row) and single particles (middle row) of TDP1 alone (a), and in complex with Ligll11170-755 (b) or Ligllla (c). The box sizes of the extracted

particles are 132, 210 and 264A, respectively. Angular distribution of single particles contributing to the TDP1-Ligll1170-755 (d) and TDP1-LigllIa
(e) 3D maps. Fourier shell correlation (f) indicates that both maps have a resolution of 28A using the 0.5 cut-off criterion



