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2.5 Supplementary materials

&
. §
g 5§
& S
g £ §F
o & e
& 5 £
2 £
Biotin50 M -+ + - + -
£ 5 £
kDa 6 £ &5 E 5 E
- 2 = £ = =
130
-
100 -
—‘...—‘ I+
75 ‘-' ' le  HA
63 - -
“ HRP-streptavidin

48

35

-5 8

Figure S1. Testing biontinylation capability of the miniT-expressing fusion proteins at
different time points. Cells expressing the established stable cell lines were incubated
with either no biotin (-) or 50 uM biotin for 15 min or 1 hr (as indicated) before collection
for WCE. Western blots were probed with HA and HRP streptavidin. Red arrows
indicate Ku70-miniT, Ku70 D192A/195R Ku70 miniT-HA or Ku70-HA (for the NLS-miniT-

HA).
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Figure 2-S2. Assessing the shared and total number of proteins identified per miniTurbo
BioID replicate (n=3) using LC-ESI-MS/MS. A) The average number of proteins identified
from 3 biological replicates of miniTurbo screening between the treated (+IR, 40 Gy) and
untreated (-IR) samples in each of the following stable cell lines: Ku70-miniT-HA (wild-type
Ku70), Ku70 D192A/D195R-miniT-HA (Ku70 D192A/D195R), and NLS-miniT-HA (NLS). B)
Venn diagram demonstrating the number of shared and unique proteins identified between
treated (+IR, 40 Gy) and untreated samples (-IR) for wild-type and mutant expressing Ku70-
miniT-HA constructs.
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Figure S3. Venn diagram demonstrating shared and unique proximal candidate
interactors using the qualitative filtering criteria for WT Ku70 and Ku70 D192A/D195R in
response to IR.
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Figure 2-S4. Checking expression of Ku70-HA and Ku70 D192A/D195R expressing
HeLa clones. 25ug of extract was run on an 8% SDS PAGE gel. Gel was probed for HA and
equal loading was assessed with Tubulin antibody. A,b,c,d and 1,2,3,4 indicate different clones.
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2.6 Appendix A: Wildtype Ku70 SAINT express and manual filtration analysis (Saint

score > () wild type Ku70 saint express outputs

rey i

014191 WERM 24|B|9 41 13.67 3 ajojo 1 1 1 1 1 1107 0|

O9UEMI RALY 29| 11|B 4B 16 3 ojolo 1 1 1 1 1 1107 ]

PL301D XRECCS 35|18|13 72 24 3alio 1 1 1 1 1 5211 o

FLl2956 XRCCE 150|8E|77 3z4 108 zjyz 1 1 1 1 1 95.43 o

Q9UKAT FTEP2 5133 11 3.67 3 ojojo 0.96 1 0.36 1 0396 1E3 ]

016666 IFI16 229|58]51 339 113 3 1E|&|3 0.95 1 0.35 1 035 224 1256 0.01

O5Ta30 ERCCELZ 10/2]3 15 5 3 ojolo 0.E9 1 0.3 1 033 0.98 50 0.01f

O9EKRL ZFR 57|14]31 93 30.67 35[El1 D.E3 1 0.83 1 [PE:E] 004 TET 0.03]

092300 UPF1 30/4|10 44 14.67 3110 0.B2 1 0.82 1 0.82 011 22 0.05]

Q3HIDG NRNZ 2|12|2 ] 2 3 gjojo 0.73 0.73 0.73 0.73 0.73 o.98 20 0.06|

O9FZET RREBF1 Gl4]1 11 3.67 3 ajojo 0.66 1 0.66 1 0.66 105 36.67 0.1

F35265 ADAR 43|8|37 85 28.33 3 &[8l7 0.66 1 0.66 1 0.66 -1E.26 354 0.08|

QEIVET RAVERL 17|2]12 31 10.33 34/212 0.65 1 0.65 1 0.65 .64 IBE 0.13]

09EI24 FUBP3 15[2|7 24 E 3210 0.65 1 0.65 1 0.65 -1.73 B 0.14f
WTIR ADILTZ MED19 3|z|0 5 167 3 ojolo D.56 0.94 0.56 0.84 056 -3.56 1667 0.16|
WTIR PAGEIL MAPLE 212]1 5 167 3 ajolo 0.45 0.73 0.43 0.73 043 -105 1667 0.2
WTIR QENTA9 SDEZ 3|of3 B 2 3 1|0lo0 0.45 0.74 0.43 0.74 043 -4.36 B 0.1E|
WTIR Qavazd CLAORFLEE 2|0|2 4 133 3 gjojo 0.45 0.73 0.43 0.73 0.49 -3.56 1333 0.2
WTIR F23401 TET slojz ri 233 3ojio 0.41 1 0.41 1 041 4.36 T 0.25|
WTIR O9HEVI ECTZ 502]1 B 2.67 3 ojoj1 0.41 1 0.41 1 041 -1.96 B 0.25]
WTIR 095319 CELF2 17|0|3 18 5.33 31joio 0.41 1 0.41 1 041 -4.36 19 0.23]
WTIR OBESES RaALYL 2|4|0 B 2 3ojio 0.4 0.97 0.4 0.897 0.4 -1.36 E 0.28)
WTIR 015717 ELAVLL 15|94 2B 9.33 3 4]4l0 037 0.91 0.37 0.91 037 -6.43 15 0.3
WTIR 092879 CELF1 15]0]3 18 B 312l0 0.36 1 0.36 1 0386 -6.53 B 0.31]
WTIR Q14247 T 7lojz ] 3 3101 0.35 0.98 0.35 0.98 035 -5.6 4.3 0.34]
WTIR QouLan ZNF346 8l1|2 11 3.67 31)1j0 0.35 1 0.35 1 035 -3.599 5.5 0.33
WTIR FTE318 IGEPL 6|04 10 3.33 3 ool 0.34 0.68 0.34 0.68 034 -5.72 3 0.36)
WTIR FO5455 558 18]3|5 26 B.67 3331 0.34 1 0.34 1 034 £.98 371 0.35]
WTIR QEPCTZ FEXL13 4|o0jo 4 133 3 0jolo 033 0.9% 0.33 0.9% 033 -1.56 1333 0.46|
WTIR O9ESI9 STRBEP 61| E|14 83 27.67 39(%13 0.33 1 0.33 1 033 -16.01 3085 0.3E|
WTIR Q01085 TIALL 4joja 4 1.33 3 ajojo 0.33 0.35 0.33 0.8% 033 -3.56 1333 0,45
WTIR Q&850 TWF2 s|oja S 167 3ajio 0.33 1 0.33 1 033 -4.36 5 0.43|
WTIR O9EFMI ZNF385h 5l0f1 5] 2 3 ojolo 0.33 1 0.33 1 033 -3.56 0 0.42]
WTIR PG2979 RPSITA 18[41|7 L]} 23 3 14]11)4 0.33 0.98 0.33 0.88 033 -26.91 138 0.4B|
WTIR O9GZLT WDRL2 050 5 167 3ojio 0.33 1 0.33 1 033 -1.36 5 0.43]
WTIR Pago1y LG4 A4/0]1 S 1567 3 ajojo 0.33 0.9% 0.33 0.9% 033 -3.56 1667 045/
WTIR PO4E4S RPNZ oj4|0 4 133 3 ojolo 0.33 0.9% 0.33 0.9% 033 -3.56 1333 0.46|
WTIR 013435 MAMLDL ajoj4 4 133 3 ajolo 0.33 0.9% 0.33 0.89% 033 -3.56 1333 .46
WTIR 013226 MNERF 13|0j2 15 5 3zj3lo 0.33 1 0.33 1 033 .48 3 0.41f
WTIR Fa3750 YLPR1 31| E|8 48 16 3 11]10|7 0.33 1 0.33 1 033 -14.43 171 0.44]
WTIR O9¥2E3 NOPSE 3z|113]10 155 S1.67 3 24|23|7 0.33 1 0.33 1 033 -53.07 1ET 0.4
WTIR O9EMES FUBF1 13|0|3 15 5 3 32l0 0.33 1 0.33 1 033 .48 3 0.41]
WTIR OEIW13 APLF 9|10 10 333 3 0jolo 033 1 0.33 1 033 -1.56 3333 0.39]
WTIR OSWXF1 PSPCL 22|8|2 33 11 3 6[513 0.33 1 0.33 1 033 -17.23 236 0.37]
WTIR QErP203 FRPFE 2|E|d 10 333 32210 0.33 0.95 0.33 0.8% 033 -B.15 15 0.45]
WTIR F35232 PHE 1l4]0 5 1.67 3ajijo 0.32 0.a7 0.3z 087 03z -4.36 3 0.45(
WTIR O60841 EIF5E 19) 145 3B 12.67 ERNE] 0.32 0.93 0.32 0.53 03z -15.85 124 0.49)
WTIR Osv3ua RPL3G 1/2E|D i) 9.67 3 3|80 031 0.92 0.31 0.82 031 -17.54 164 0.53]
WTIR 09v241 HIGDLA 030 3 1 3 0jolo 031 0.94 0.31 0.94 031 -1.56 10 0.49)
WTIR PLOSD9 CLy [ 3 1 3 ojolo 031 0.94 0.31 0.84 031 -3.56 10 0.49)
WTIR Qoo341 HOLEP 3loj1 4 133 3 ajolo 0.31 0.94 0.31 0.84 031 -3.56 1333 0.49)
WTIR PLAEER DRSS aj3|a 3 1 3 ajolo 031 0.94 0.31 0.84 031 -3.56 10 0.49)
WTIR QauUMEZ SPATAZ 3lojg 3 1 3 ojojo 031 0.94 0.31 0.84 031 -3.56 v 0.45]
WTIR Q7L MEFCE 2Z| 6|4 32 10.67 3al7T1 031 0.94 0.31 0.84 031 -13.53 pari] 0.51f
WTIR O9UIAS TRMTE 3loj1 4 133 3 ojolo 031 0.94 0.31 0.84 031 -3.56 1333 0.49)
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WTIR Q9EEAL SPOLL 5|0|z2 7 233 31|10 028 077 0.28 0.77 028 -5.6 315 0.53]
WTIR P57737 COROT 10j0j2 12 4 33|00 027 0.78 0.27 0.7E 0.27 -6.15 4 0.53]
WTIR 092547 TOPEPL 8|10 2] 3 33|11 027 D.E 0.27 0.E 027 -9.5 18 0.53]
WTIR POS0ET ARG] o 5|0 5 LE7 31|10 026 077 0.26 0.77 026 -5.6 15 0.53]
WTIR Q9Y266 MUDC 5|01 ] I 31|01 026 077 0.26 0.77 026 -5.6 3 0.53]
WTIR F20930 FLG 3|00 3 1 31|00 0.25 0.74 0.25 0.74 025 -1.36 3 0.54]
WTIR Q9NTZE REMI12 3jojo 3 1 31|0j0 0.25 0.74 0.25 0.74 025 -4.36 3 0.54]
WTIR QaNVIT ATADIA 3|0 3 1 31|00 0.25 0.74 0.25 0.74 025 -1.36 3 0.54]
WTIR P2E640 WARS [ ] 3 1 30|01 0.25 0.74 0.25 0.74 025 -1.36 3 0.54]
WTIR QOUHAS R5L2401 [ E 3 1 30/10 0.25 0.74 0.25 0.74 025 -1.36 3 0.54]
WTIR P257E9 P5NIA 3|00 3 1 30/10 0.25 0.74 0.25 0.74 025 -1.36 3 0.54]
WTIR 099623 PHE2 3|0 3 1 30/1/0 0.25 0.74 0.25 0.74 025 -4.36 3 0.54]
WTIR 072711 SLFMI1L &|1|0 7 233 32|01 0.25 0.75 0.25 0.75 025 -6.59 233 0.54]
WTIR PE12ED PSMEY 3|01 4 133 30/10 0.25 0.74 0.25 0.74 025 -1.36 4 0.54]
WTIR 043653 PRCL 3|00 3 1 31|00 0.25 0.74 0.25 0.74 025 -1.36 3 0.54]
WTIR 09NZDL TECR 1)3|0 4 133 31|00 0.25 0.74 0.25 0.74 025 -1.36 4 0.54]
WTIR Q9Y2RS5 MRPELT Q2|0 2 0.67 3 0|ojo 0.24 0.73 0.24 0.73 024 -3.56 B6T 0.57]
WTIR P79522 PRA3 1121 4 133 3 a|oj0 0.24 0.73 .24 0.73 024 -1.05 1333 0.57]
WTIR QEWWYT UBLCPL 2|ojo 2 0.67 30|00 0.24 0.73 0.24 0.73 024 -3.56 B.67 0.57]
WTIR PS15E7 BRCAZ 2|ojo 2 0.67 30|00 0.24 0.73 0.24 0.73 024 -3.56 B.67 0.57]
WTIR P55134 ATPSI2 2|0 2 0.67 30|00 0.24 0.73 0.24 0.73 024 -3.56 B.67 0.57]
WTIR F23314 Uaal 1120 3 1 3 0|ojo 0.24 0.73 0.24 0.73 024 -3.56 10 0.57]
WTIR P550E4 HADHEB [ 4] 2 0.67 3 a|oj0 0.24 0.73 .24 0.73 024 -3.56 G667 0.57]
WTIR 09HEZ4 RAMBP3 2|01 3 1 30|00 0.24 0.73 0.24 0.73 024 -3.56 10 0.57]
WTIR 043502 RADS1C 2|01 3 1 30|00 0.24 0.73 0.24 0.73 024 -3.56 10 0.57]
WTIR PE1626 LY¥Z 2|0 2 0.67 30|00 0.24 0.73 0.24 0.73 024 -3.56 B.67 0.57]
WTIR P54136 RARS Q2|0 2 0.67 3 0|ojo 0.24 0.73 0.24 0.73 024 -3.56 B6T 0.57]
WTIR 09HAT75 PRERIPL 2|0jo 2 0.67 3 a|ojo 0.24 0.73 0.24 0.73 024 -3.56 667 0.57]
WTIR PLE55L FER 2|ojo 2 0.67 30|00 0.24 0.73 0.24 0.73 024 -3.56 B.67 0.57]
WTIR 0sH2U1 DHX3E 2|ojo 2 0.67 30|00 0.24 0.73 0.24 0.73 024 -3.56 B.67 0.57]
WTIR PAEST7 STT3A 2|0 2 0.67 30|00 0.24 0.73 0.24 0.73 024 -3.56 B.67 0.57]
WTIR FRIGTS MRPSS Q2|0 2 0.67 3 0|ojo 0.24 0.73 0.24 0.73 024 -3.56 B6T 0.57]
WTIR P40939 HADHA 2|0 2 0.67 3 a|ojo 0.24 0.73 0.24 0.73 024 -3.56 667 0.57]
WTIR 095433 AHEAL 2|o0jo 2 0.67 30|00 0.24 0.73 0.24 0.73 024 -3.56 667 0.57]
WTIR 093034 CULS ooz 2 0.67 30|00 0.24 0.73 0.24 0.73 024 -3.56 B.67 0.57]
WTIR Q3Pr2I5 LARE 2|0 2 0.67 30|00 0.24 0.73 0.24 0.73 024 -3.56 B.67 0.57]
WTIR 093616 GCM1 Q2|0 2 0.67 3 0|ojo 0.24 0.73 0.24 0.73 024 -3.56 B6T 0.57]
WTIR P41051 EIF253 1|20 3 1 3 a|ojo 0.24 0.73 0.24 0.73 024 -3.56 10 0.57]
WTIR PA5773 RPLIE 4| 26| 0 30 10 36/10)0 0.24 0.71 0.24 0.71 024 -24.71 1EB 0.53]
WTIR P15311 EZR 1jojz 3 1 30|00 0.24 0.73 0.24 0.73 024 -3.56 10 0.57]
WTIR 053500 HSD17812  0)Z|0 2 0.67 30|00 0.24 0.73 0.24 0.73 024 -3.56 B.67 0.57]
WTIR Q9HO3 RAVER2 2j0]1 3 1 3 0|ojo 0.24 0.73 0.24 0.73 024 -3.56 10 0.57]
WTIR 075575 CRCP 1|0z 3 1 3 a|ojo 0.24 0.73 0.24 0.73 024 -3.56 10 0.57]
WTIR P31842 HHRMPHI 261211 48 15.33 3 10]10]7 0.23 oy 0.23 0.7 023 -18.9 1EL 0.53]
WTIR Q7LIE3 DHX30 o6|0 ] I 30/2|0 0.3 0.68 0.23 0.6E 023 -5.72 3 0.53]
WTIR 013177 PAKZ |04 13 4.33 34|11 0.3 067 0.23 0.67 023 -10.69 217 0.53]
WTIR 09H5E3 HEATR1 o 10j0 10 333 32\4|0 0.21 0.52 0.21 0.62 021 -10.54 167 0.53]
WTIR 043823 AKAPE 2|1|5 B 267 30|02 0.2 0.51 0.2 0.51 0.2 -3.68 4 0.63]
WTIR 050934 NEN 5|02 7 233 30/2|0 0.2 0.51 0.2 0.51 0.2 -5.72 315 0.63]
WTIR QEWZAD LZIC 5|03 B 267 32|01 0.1% 0.48 0.13 0.4E 0.19 -6.59 167 0.53]
WTIR PLEGLS ATPIAZ 2|70 2] 3 31|3|0 0.1E 0.52 0.18 0.52 018 -7.85 115 0.53]
WTIR 09HELd PHAX 4|0]1 ] 1E7 31|10 016 0.47 0.16 047 016 -5.6 25 0.54|
WTIR O9NCWE  ANLN 2|02 4 133 31|0j0 016 0.24 0.16 0.24 .16 -4.36 4 0.54]
WTIR ABMWDS  SNRPGFIS 2| 2|0 4 133 31|0j0 016 0.24 0.16 0.24 .16 -4.36 4 0.54]
WTIR P23735 TGM1 4)4|0 B 267 33|00 0.13 0.1% 0.13 0.1% 013 -6.15 167 0.54|
WTIR 015424 SAFB 26| 17| LD 53 17.67 339|111 0.13 0.3% 0.13 038 013 -12.93 152 0.54]
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WTIR POS16S PCCA 134|5 22 7.33 370211 0.13 0.35 012 0.35 012 -B.56 212 0.65|
WTIR O9HEHD MNOL11 1j4|0 5 167 30/2o0 011 0.33 0.11 0.33 0.11 -5.92 15 0.55)
WTIR QOB123 HEUNZ 3|4]0 T 2.33 31/111 0.1 0.23 0.1 0.23 0.1 -6.59 233 0.65|
WTIR 014151 SAFE2 12111 14 4.67 35|50 0.1 0.2% 01 0.35 a1 -13.66 14 0.66|
WTIR PE1204 ARF3 2|510 T 233 30/3o 0.1 0.27 0.1 0.27 0.1 -6.15 133 0.55)
WTIR PAGTE3 RPS10 1)10)0 11 3.67 35030 0.1 0.3 0.1 03 01 -13.51 138 0.66|
WTIR F15170 G3FT1 al0|o0 ] 2 32021 0.1 0.3 0.1 0.3 0.1 -9.5 12 0.65)
WTIR O9NRSE MEMLL 3lo|z 5 167 31/Lo 0.0% 0.2 0.09 0.2 0.09 -5.6 15 0.66
WTIR O8N954 GPATCHIL  2)0(3 5 167 30/11 0.0% 0.2 0.09 0.2 009 -5.6 25 0.66|
WTIR Q3HITS ALNIP Z|ojo I 0.67 30jLo 0.08 0.24 0.08 0.24 0.08 -4.36 2 0.66)
WTIR QIBWUD  SLCAALAP 2|00 2 0.67 30/0j1 0.08 0.24 0.08 0.24 0.08 -4.36 2 0.56]
WTIR Q16527 CSRPZ 2)0]1 3 1 30/0/1 0.08 0.24 0.08 0.34 0.08 - 35 k] 0.66|
WTIR 03v430 TLW1 2|0|1 3 1 3ooj 0.08 0.24 0.08 0.24 0.08 -4.36 3 0.66)
WTIR PO9EES POLAL 8)2|5 15 3 30/4/3 0.08 0.23 0.08 0.23 0.08 -B.28 2.14 0.71]
WTIR P17535 JUKD 2|0(1 3 1 31|00 0.08 0.24 0.08 0.24 0.08 -4.36 k] 0.66|
WTIR 09HI¥3 RPF1 ojz|0 z 0.67 30Lo 0.0E 0.24 0.08 0.24 0.08 -4.36 2 0.66
WTIR P53621 COPA @20 2 0.67 jojio 0.08 0.24 0.08 0.24 0.08 -4 35 2 0.66|
WTIR Q3EXFPS SRAT 2|0(1 3 1 3ajoj1 0.08 0.24 0.08 0.24 0.08 -4.35 3 0.66|
WTIR R EEN] ZETB12 ljo|z 3 1 30joj1 0.0E 0.24 0.08 0.24 0.08 -4.36 3 0.66
WTIR 014181 POLAZ a|oj2 2 0.67 30jo1 0.08 0.24 0.08 0.24 0,08 -4.36 2 0.66|
WTIR O3NZIE IGFZEF1 2|10 3 1 30jLo 0.08 0.24 0.08 0.24 0.08 -4.36 3 0.66)
WTIR 015691 MAPRE] 1)2]0 3 1 jojio 0.08 0.24 0.08 0.24 0.08 -4.35 3 0.56|
WTIR QO5F1RE DNAIC21 2)0(0 2 0.67 jojLo 0.08 0.24 0.08 0.24 0,08 -4.36 2 0.66|
WTIR O96EZE LENG1 Z|ojo I 0.67 3l|ojo 0.08 0.24 0.08 0.24 0.08 -4.36 2 0.66)
WTIR QFrKIFd SHDL @)2)0 2 0.67 jojLo 0.08 0.24 0.08 0.24 0.08 -4.36 2 0.56]
WTIR Q3uBDS oRc3 a)0|2 2 Q.67 30/0j1 0.08 0.24 0.08 0.24 0.08 -4.36 2 0.66|
WTIR F783E2 SRPK2 2/0]0 2 0.67 3ljojo 0.08 0.24 0.08 0.24 0.08 -4.35 2 0.56|
WTIR Q9Y546 LRRC42 2)0(0 2 0.67 jojLo 0.08 0.24 0.08 0.24 0.08 -4.36 2 0.56]
WTIR PEZEID RAR LA @20 2 Q.67 3alijo 0.08 0.24 0.08 0.24 0.08 -4.36 2 0.66|
WTIR D050 SDCEP 2|10 3 1 30Lo 0.0E 0.24 0.08 0.24 0.08 436 3 0.66
WTIR 000151 POUML 2)0(0 2 0.67 31|00 0.08 0.24 0.08 0.24 0,08 -4.36 2 0.66|
WTIR F12373 FIF /2|0 z 0.67 oo 0.08 D.24 0.08 0.24 0.08 -4.36 2 0.66)
WTIR 001458 FARPS 2|10 3 1 31|0jo 0.0E 0.24 0.08 0.24 0.08 -4.36 3 0.66
WTIR Q9UEKS MUDTS 2)001 3 1 31|00 0.08 0.24 0.08 0.24 0,08 -4.36 3 0.66|
WTIR FO0333 LDHA MEI 3 1 3l|yo 0.o7 0.2 0.07 0.2 0.07 -5.6 15 0.71)
WTIR P51003 PAPOLA 1/0(3 4 133 31|001 0.0y 0.2 0.07 0.2 007 -5.6 2 0.71]
WTIR QanxT4 Dous2 3)1jd 4 133 31/1jo 0.07 0.2 0.07 0.2 0.07 -5.6 2 0.71]
WTIR 096075 CMES1 3jojo 3 1 3l|yo 0.o7 0.2 0.07 0.2 0.07 -5.6 15 0.71)
WTIR Q8NSPL ZC3HE 3|oja 3 1 31/1o 0.0y 0.2 0.07 0.2 007 -5.6 15 0.71]
WTIR P12377 CKR @)3|a 3 1 3a0/1j1 0.07 0.2 0.07 0.2 007 -5.6 15 0.71]
WTIR PE3173 RPL3E 1)12|0 13 4.33 3 2|El0 0.07 0.2 0.07 0.2 07 -15.93 13 0.71]
WTIR PA2030 MREPS34 1/3]0 4 133 jaj2jo 0.06 0.18 006 0.18 006 -5.72 2 0.72]
WTIR QIBEYS ThALE 4/d|a B 2.67 31(3j0 0.06 0.0% 0.06 0.0% 006 -7.85 2 0.73]
WTIR O9H2¥T ZNF 106 4/0|1 5 167 30/3o 0.0E 0.1% 0.06 0.1% 0.06 -6.15 1E7 0.7
WTIR Q9PIME H2AFY2 2|60 B 267 31/4i0 0.06 0.18 0.06 0.18 006 -5.32 16 0.72]
WTIR O3nY1Z2 GAR1 0|6|0 ] 2 3llao 0.06 0.1E 0.06 D.1E 0.06 -9.32 12 0.73
WTIR Q96005 DEPDC? &0|3 ] 3 32|3]1 0.05 0.14 005 0.14 0.05 -10.78 15 0.73|
WTIR QINEVE COENZAIP 12]1]3 16 5.33 3740 0.05 0.14 0.05 0.14 005 -14.96 145 0.73]
WTIR F20350 BTF3 2|20 L3 133 3l|yo 0.05 007 0.05 0.07 0.05 -5.6 2 0.73
WTIR PO7477 PRSS1 &511 1z 4 is|io 0.05 0.1 0.5 0.1 005 -B.17 2 0.73]
WTIR Q36RO3 MCCCL 16 10]11 37 1233 33|45 0.05 0.14 005 0.14 005 -G.E9 1.06 0.73]
WTIR QGNTER RN P 2120 4 1.33 31/1jo 0.05 0.a7 005 0.07 0.05 5.6 2 0.73]
WTIR Q2TE1E ASTEL 2)12|0 4 133 31/1o 0.05 0.a7 0.5 0.07 005 -5.6 2 0.73]
WTIR QavYs70 PPMEL 7161 B 2.67 33311 0.05 0.16 005 0.16 005 -12.38 1.14 0.73]
WTIR Q92759 HOACZ 2|30 £l L&7 30/3j0 0.05 0.1 0.05 0.1 005 -6.15 167 0.73]
WTIR oasyoy FOP4 &0]1 T 233 34/111 0.04 0.11 004 0.11 004 -10.69 117 0.74]




CRAPome contaminants removed prior to manual filtration (DNA repair genes were not

removed even if they were identified in the CRAPome)
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CRAPome contaminants removed

DNA repair interators shared with WT and CRAPome not removed
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RPL11
H2AFZ
RPS3
HIST1H4D
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EEF2
PRDX2
EIF4A1
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TRAP1
PCBP2
RPL13
PCBP1
KRT18
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KRT17
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PAPDY
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105



ATP5B
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CcCr7
KRT3
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Manual filtration for WT Ku70

Highlighted in green are all the samples with a fold change > 2 and the blue are the ones that showed up in 2 ore more replicates (criteria 1)
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Candidates Candidates 2 deltavWAand  Shared bewteen C3 +1R vs -IR and those that Showed up in 2+ replicates of the C3 +IR  Candidates that showed up In 2+ replicates with 2+ fold change of the WT
replicates more the delta WA: _ WT+IR vs -IR match the criterla for WT +IR vs -IR samples +IR. upin less than 1 +IR
EWSR1 MGMEL none
DNAJCT? CAMSARL ATP2A2 v NBN
RFCH RPL3SA FUBP3 v 287812
RADSIC HSPEL ZNF34E v MRPS34
PDSSE SRPEE NEN 2cRE1
csDEL TAGLN3 787812 SRRT
2RB1 POGZ MRPS34 FAM32A
CSNKIE FARSE copzi v 1GF28P1
cPad DDIAL 2REL IGEPL
EIF2S1 A RFC4 v AKAPE
FAM32A PARN MSH3 v SNRNPAB
C20RF49 MAP7D3 DNAICLT v DYNCIHL
METAP2 RNMTLL CDIEAP v CSNKIE
svF2 NDUFAFS PRSS1 v PHE
uGa SKOR1 SRRT KBTBO7
UPF3B ANKHDL MRNIP v TsPYLL
ASTEL FAMS08 PLKL v TECR
EIF252 PSMAT MBD1 v RADS1C
ERCCBL2 PSMAS HNRNFH3 v CspEL
PTBP2 KLHDC10 PTMA v cpas
NBN SRSF2 [ v EIF281
APLE SLC25AL FAMI2A C20RF49
co3eAP TUBATA NUPL2 v uca
NPM3. HSPAT KHDRBS1 v ERCC6L2
KBTBO7 DVLIPL REMX2 v
SRRT ECHDCL FRGL v
287812 NBEA MPHOSPHE v
beo 6Ls EWSR1 v
IGF2BP1 CSNK1AIL UPF3B v
cBLLL ITGAE CHDG v

SKIVal2 PPWD1 S

5602 CENPF v

EIF253 owas v

FuBP3 IGF28P1

REMX2 IGBPL

RAVER2 HSPAL v

RRBP1 WDRSS v

PLXL 5602 v

NOPSE. AKAPE

MBD1 SNRNPAS

PHE RBME v

ZNFE D¥YNCIHL

KHORBS1 CSNKIE

SREK1 NPM3 v

CHDB L v

SPOL1 SCAF11 v

ATP2AZ PPIE v

SNRNP4S PHE

SCAF1L skvaiz v

ZNFIAG SAFB2 v

HNRNPHI METAP2

RBMSG SvF2 v

PRR3 ASTEL v

MRPS34 JuN v

MPHOSPHS POSSE v

AKAPE NGDN v

DYNCIHL TMALG v

TMALE EIF252 v

MSH3 KBTBD?

PRSS1 oco v

NGON INF8 v

HOLBP SPOLL v

PPWD1 TSPYLL

ZNF385A PPMEL v

CENPF GATA4 v

DOX1 PHF21A v

owezs NOPS8 v

MRNIP PUM3 v

PPIE PCF1L v

NupL2 TECR

TSPYLL SREKL v

168P1

GLRX3

PTMA

PPMEL

ures

GATAY
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2.7 Appendix B: D192A/D195R Ku70 SAINT express and manual filtration analysis (Saint
score > ()

SAINT express output for DD mutants

NumRepl FoldChange  BFDR
RDO HRCCS 48|45)18 37 3 1 1 1 1 1 111 0
ROO F XRCCH 150|105]44 299 99.67 320112 1 1 1 1 4957 59.8 0
ROO 092900 UPF1 32|12|9 53 17.67 311]0 1 1 1 712 265 0
ROO OSUKMI RALY 16]14]2 32 10.67 3 0[0 1 0.93 1 133 106.67 0
ROO 072215 TRMTIL  9|5|2 16 533 3 0[0 1 0.93 1 133 53.33 0.02
ROO 057890 ERCCEL2  6]4]2 12 4 3 0[0 1 0.93 1 133 40 0.03
ROO 092879 CELF1 7|68 19 633 31210 0.94 0.85 0.94 145 £.33 0.04
RDD 060934 NEN 17]6|6 o) 9.67 30210 1 0.83 1 11 14.5 0.05
ROO 095319 CELF2 6|3[2 11 367 310 1 0.7 1 -0.82 11 0.07
ROO 014191 WRN 26161 43 1433 3 0[0 1 0.67 1 0.7 143.33 0.09
ROO O8IW19  APLF 5]5]1 11 367 3 0[0 1 0.67 1 -0.7 36.67 0.12
ROO PSE265 ADAR 52|26]11 B9 2067 38917 1 0.66 1 -15.06 371 0.14
ROO O96PMS  ZNF3BSA  8[3|0 11 367 3 0[0 1 0.65 1 -3.21 36.67 0.15
ROO 014247 CIIN 10]2]5 17 567 310 1 0.64 1 225 8.5 0.17
ROO PO545S SSE 15112 8 933 3 4[311 1 0.64 1 -9.29 35 0.18
ROO OSUKKS  NUDTS HHE 9 3 310 1 i 1 -261 9 0.19
ROO OSNULS  STAUZ 71201 10 333 3 0[0 1 0.6 1 0.7 33.33 0.22
ROO O9UIAS  TRMTE 8|2[1 11 367 3 0[0 1 0.6 1 0.7 36.67 0.21
ROO ADILTZ MED1S 2[4l 6 2 3 0l0 0.59 0.59 0.99 -3.21 20 0.24
ROO 015226 NKRF 250801 3 1133 3 2[310 1 0.59 1 721 6.8 0.25
ROO O9E6KR1  ZFR 3615] 10 61 2033 35[611 1 0.59 1 -3.38 5.08 0.23
ROO 075691 uTPZO 40|36]4 B0 26.67 316715 0.94 0.57 0.94 -30.78 186 0.25
ROO P28401 THT 3[0]3 6 2 3 0[]0 0.8 0.53 0.8 -4.01 3 0.26
ROO 018527 CSRPZ ETEIT 6 2 3 0[0 0.8 0.53 0.8 -4.01 0.26
ROO 095433 AHSAL 2|2|0 4 133 3 0[0 0.79 0.53 0.79 321 0.29
ROO OgY606 PUS1 2|20 4 133 3 0[0 0.79 0.53 0.79 321 0.29
ROO 043863 PRCL 3|31 7 233 310 0.8 0.53 0.8 -261 7 0.26
ROO O9ULA0D  ZNF346 5|42 11 367 311]0 0.83 0.49 0.63 225 55 0.3
ROO OBWZAD  L2IC 6l4]4 14 467 3200 0.81 0.47 0.81 -0.86 467 0.31
RDOD 004760 GLOL 5]60 11 367 31210 0.81 0.46 0.61 -6.24 367 0.32
ROO 027818 ASTEL 4|5]0 9 3 311]0 0.83 0.46 0.63 525 a5 0.32
ROO PAES3T YAPL 102|0 12 4 310 1 0.44 1 -4.01 12 0.33
ROO 09v266 NUDC 8|1[3 12 4 310 1 0.42 1 -3.64 3 0.34
ROOD OBWXF1  PSPCL 14]15]5 3 1133 3 6[513 0.77 0.42 0.77 1196 243 0.34
ROO P53350 PLEL 11]15]1 27 9 320611 0.83 0.41 0.83 -11.93 3 0.35
ROO O9HB71  CACYBP a]4]1 9 3 311]0 0.56 0.37 0.56 -3.64 a5 0.36
ROO 000560 SDEBP 3|2]1 6 2 3 o[1]0 0.8 0.37 0.8 -261 [ 0.37
ROO ABMWDS  SNRPGPIS  3(2|1 6 2 310 0.8 0.37 0.8 -261 3 0.37
ROO O9HES0  YTHOCZ 22]15|2 39 15 3 5[8l0 0.81 0.36 0.51 -15.03 3 0.39
ROO 0gv221 NPT 2|7|0 9 3 311]0 0.99 0.36 0.99 -5.25 a5 0.38
RDOD O9HETS  RPAP3 6]2]1 9 3 311]0 0.95 0.35 0.95 -3.64 45 0.39
ROO a712)0 MEPCE 2411116 41 1367 36[712 1 0.34 1 1162 273 0.42
ROO 096124 FUBP3 9)2]0 11 367 32100 1 0.34 1 -6.24 367 0.41
ROO O6F209  PRPFE 3|80 11 367 32210 0.99 0.34 0.99 7.8 275 0.4
ROO 0ges19 STREP 51|17]8 7% 2533 3 8[10/4 1 0.34 1 -16.99 345 0.41
ROO 09P2E9 RABPL B|1]0 7 233 3 0[0 1 0.33 1 321 23.33 0.45
ROO O9HEHD  NOL11 3|60 9 3 3 0[2]0 0.75 0.33 0.75 538 a5 0.49
RDD PE2495 ETF1 14l 5 167 30[0 0.99 0.33 0.99 -3.21 16.67 0.47
ROO O96H51  PGAMS 0|5]0 5 167 30[1]0 1 0.33 1 -4.01 s 0.46
ROO O9UMB2  SPATA2 al1lo 5 167 30lo 0.99 0.33 0.99 321 16.67 0.47
ROO PS5769 SNU13 160 7 233 3 0[1]0 1 0.33 1 -4.01 7 0.44
ROO PE2B4L RPS1S 11]44]2 57 19 3 10[7]1 1 0.33 1 2169 3.17 0.47
ROO OgHEVI  ECT2 5(1|0 6 2 3 0[0 1 0.33 1 -4.01 3 0.46
ROO OEIBS0 TWE2 91]1 11 367 30[1]0 1 0.33 1 -261 11 0.43
ROO O71UMS  RPS27L 1|7]0 8 267 311]0 0.99 0.33 0.99 525 4 0.49
ROO PTE318 IGEPL s5|0]4 9 3 3 0[0 0.59 0.33 0.59 -5.38 a5 0.42
ROO 09GZL7  WDR1Z 1|7]0 8 267 30[1]0 1 0.33 1 -4.01 & 0.43
ROO PA1236 PPPIAZ alolo a 133 310 0.98 0.33 0.98 -4.01 4 0.5
ROO a7L2E3 DHY30 0]8]0 8 267 31210 0.98 0.33 0.98 -6.24 167 0.49
ROO O9HETS  PRERIFL _ 1]4|0 5 167 3 0[0 0.99 0.33 0.99 321 16.67 0.47
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ROO Qgy¥scl NOPLE 5|15|0 20 B.67 ERE] L] 0.97 0.33 0.97 0.33 -11.76 2.86 0.47
ROO Paga1y LG4 ajojo 4 133 i ojojo 0.99 0.33 0.99 0.33 -321 13.33 0.47
ROO 099623 PHBZ ol&|0 & 2 3010 1 0.33 0.33 -4.01 ] 0.44
ROO Q3UEAS FTEP2 s[11 7 233 3 ojojo 1 0.33 0.33 -0.7 2333 0.46
ROO E9PRGE CLIORFSE 1[40 5 167 i1ljojo 0.98 0.33 0.98 0.33 -401 5 0.5
ROO PBL PSME3 Bl1|0 7 233 3010 1 0.33 033 -401 7 0.44
ROO 001968 OCRL ilojo 3 1 3 ojojo 0.96 0.32 0.32 -321 10 0.5
ROO ABMWAZ PHF20L1 llo 4 133 3 ojolo 0.96 0.32 0.32 -321 1333 0.5
ROO P515EY BRCAZ ilojo 3 1 i ojojo 0.96 0.32 0.32 -321 10 0.5
ROO Q14877 CLINTL 3|ojo 3 1 3 ojojo 0.96 0.32 0.52 -321 10 0.5
ROO Q01085 TIALL ETRY[) 4 133 3 ojojo 0.96 0.32 0.32 -321 13.33 0.5
RDD QFHCSE GLODA i|ojo 3 1 3 ojojo 0.98 0.32 0.52 -321 10 0.5
ROO OIHIWE SMGY ilojo 3 1 3 ojojo 0.96 0.32 0.32 -321 10 0.5
ROO 092547 TOPEPL )31 13 3311 0.95 0.32 0.32 -724 26 0.52
ROO P4pEZ1 MAPLE i|ljo 4 i ojojo 0.96 0.32 0.32 -321 13.33 0.5
ROO 016543 COEE7 3oL 4 3 ojojo 0.96 0.32 0.32 -321 13.33 0.5
ROO P15170 GSPT1 9]3)1 13 32201 0.95 0.32 0.32 -124 26 0.52
ROO 095793 STAUL 26(22|7 55 1B.33 37111 0.68 0.32 0.32 -1432 289 0.5
ROO 013177 PAK2 11]2|3 16 5.33 34011 0.94 0.31 031 -6.81 2567 0.53
ROO aramnl SLFN11 1o 8 2.67 320011 0.94 0.31 0.31 -624 267 0.53
RDO OBNSP1 2C3HE FIETE] [l 3 31110 0.56 031 0.51 -235 45 0.53
ROO Q3uKD2 MRTO4 s[8l0 13 4.33 32310 0.76 0.3 03 -9.13 26 0.53
ROO OINWT1  PAKLIPL 4|29|a 38 12.67 ERIEIL] 0.9 0.3 0.3 -24.42 2.38 0.54
ROO O9H583 HEATR1 s[11j0 16 533 320410 0.81 0.29 0.29 -10.19 267 0.54
RDD PA9959 MRE11 16[1219 a7 12.33 35713 0.8 0.28 0.28 -3.51 247 0.54
ROO 060841 EIFSB 10[18]3 31 10.33 37713 0.85 0.28 0.28 -1883 182 0.54
ROO P51003 PAPOLA 5|1]0 & 2 31j0J1 0.83 0.28 0.28 -525 3 0.54
ROO OINTI6 REM12 311 5 3100 0.8 0.27 0.27 -261 5 0.55
ROO OIEWUD  SLCAALAP ETHE 4 ELITH 0.8 0.27 0.27 -401 4 0.55
ROO P78316 NOP14 alajo 8 3 ooz 0.41 0.27 0.27 -538 4 0.55
ROO QgNuQs SPATSIL 3oL 4 3o1o 0.8 0.27 0.27 -401 4 0.55
ROO P57071 PROMI1S llo 4 i1jojo 0.8 0.27 0.27 -4.01 4 0.55
ROO 000151 POUMI ilojo 3 iljojo 0.8 0.27 0.27 -401 3 0.55
RDO QoHITY AUNIP ETHE] 4 1010 0.8 0.27 0.27 -4.01 4 0.55
ROO QBIKLY MSRE3 130 4 3100 0.8 0.27 0.27 -401 4 0.55
RDO 3490 TLN1 EJRE} 5 3 0jo)1 0.8 0.27 0.27 -2.61 B 0.55
ROO asuGis TES ETRY[) 4 3o1o 0.8 0.27 0.27 -401 4 0.55
ROO QauHAZ RSL2401 1|30 4 301e 0.8 0.27 0.27 -4.01 4 0.55
ROO 016555 DPYSL2 ilojo 3 3100 0.8 0.27 0.27 -401 3 0.55
ROO P53621 COPA 1130 4 3010 0.8 0.27 0.27 -4.01 4 0.55
ROO 096621 IMP4 ol2|o 2 3 ojojo 0.79 0.26 0.26 -321 6.67 0.57
ROO P42766 RPL3S FE 10 3320 0.76 0.26 0.26 -9.13 2 0.62
ROO aav2zo SUGTL 2|olo 2 3 0lolo 0.79 0.26 0.26 -321 6.67 0.57
ROO O3H214 POOS 2jol0 2 3 ojojo 0.79 0.26 0.26 -321 6.67 0.57
RDO 000341 HOLBP 2ot E] 1 3 ojolo 079 0.6 0.26 -321 10 0.57
ROO P54BBE ALDHIEAL  0]2|0 2 0.67 i ojojo 0.79 0.26 0.26 -321 6.67 0.57
ROO [FEN CENL ETHE 4 3 ojojo 0.7% 0.25 0.26 0.7 13.33 0.57
ROO 014757 CHEK1 2|0jo 2 0.67 i ojojo 0.79 0.26 0.26 -321 6.67 0.57
RDD agees1 KIF2C 1|2]0 3 1 3 ojojo 0.7 0.26 0.26 -321 10 0.57
ROO O86vaE Luzel 2jol0 2 0.67 3 ojojo 0.79 0.26 0.26 -321 6.67 0.57
ROO POBESE LPL 0lo]2 2 0.67 3 0lolo 0.79 0.26 0.26 -321 667 0.57
ROO aspcT2 FBXL19 210 3 1 3 ojojo 0.79 0.26 0.26 -321 10 0.57
ROO PO5204 HMGN 2 0]2]1 3 1 i ojojo 0.79 0.26 0.26 -321 10 0.57
ROO ABNHGA DOoTL 120 3 1 i ojojo 0.79 0.26 0.26 -321 10 0.57
ROO P56134 ATPS)2 o020 2 0.67 i ojojo 0.79 0.26 0.26 -321 6.67 0.57
ROO QBIYET RAVERL 10]5[2 17 5.67 340212 0.77 0.26 0.26 -929 213 0.61
ROO P22314 UBAL 2|0jo 2 0.67 i ojojo 0.79 0.26 0.26 -321 6.67 0.57
RDO PE70TE CIIORFSS 2|00 2 0.67 3 ololo 0.79 0.6 0.26 -321 567 0.57
ROO P01024 a olo|2 2 3 0/olo 0.79 0.26 0.26 -321 667 0.57
RDO P220B1 PCMTL 2011 4 3 ololae 0.79 0.26 0.26 0.7 13.33 0.57
ROO 075821 EIF3G ojoj2 2 i ojojo 0.79 0.26 0.26 -321 6.67 0.57
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RO 075534 CSDEL 2|olo 2 0.67 3 o|olo 0.26 0.79 0.26 0.79 0.26 321 E67 057
REO P22102 GART 12]0 3 1 3 0|0jo 0.26 0.79 0.26 0.79 0.26 3321 10 0.57
RCO P20248 CCNAZ 2|0]0 2 0.67 3 ojojo 0.26 0.79 0.26 0.79 0.26 321 667 0.57
REO OEFIEL CIAPINL 2|o]o 2 0.67 3 ojolo 0.26 0.79 0.26 0.79 0.26 321 EE7 0.57
REO P14BES DARS o[2[0 2 0.67 3 0|0]0 0.26 0.79 0.26 0.79 0.26 321 E67 0.57
REO O9H2UL  DHX36 2|0]0 2 0.67 3 0|0]o 0.26 0.79 0.26 0.79 026 321 B67 057
RCO O9GITI  EGLNL 2|0]0 2 0.67 3 ojojo 0.26 0.79 0.26 0.79 0.26 321 667 0.57
ROO P1ES91 FER 2|0]0 2 0.67 3 0|ojo 0.79 0.26 0.79 0.26 321 E67 0.57
REO 09v224 CL40RF1EE 2|0]0 2 0.67 3 0|o]o 0.79 0.26 0.79 026 321 B67 057
REO O3UKS9  DEAL 2|0]0 2 0.67 3 o0jolo 0.79 0.26 0.79 0.26 321 567 0.57
REO Pro5a PRAS a[2[0 2 0.67 3 0|ojo 0.79 0.26 0.79 0.26 321 EE7 0.57
ROO 043502 RADS1C 2|0]0 2 0.67 3 0|ojo 0.79 0.26 0.79 026 321 B67 0.57
RECO O9HVNE  GNL3L 21]0 3 1 3 0|ojo 0.79 0.26 0.79 0.26 321 10 0.57
REO 008431 MFGES alo]2 2 0.67 3 0|olo 0.79 0.26 0.79 0.26 321 567 0.57
REO O9E0FE DGCR14 20]0 2 0.67 3 0|ojo 0.79 0.26 0.79 0.26 331 EE7 0.57
RECO P33993 MCM7? al2[0 2 0.67 3 0|ojo 0.79 0.26 0.79 0.26 321 667 0.57
REO OSHOOE  XRNZ 2]1]1 4 1.33 3 0|olo 0.79 0.26 0.79 0.26 0.7 13.33 0.57
REO 014137 BOPL 3[13]0 16 £33 3 2[5]0 0.76 0.25 0.76 0.25 1159 2.39 0.62
ROO P57737 CORO? al2[0 10 3.33 3 3|oj0 0.69 0.25 0.69 0.25 58 3.33 062
REO 014258 TRIMZS 9[4]2 15 s 32(3]2 0.74 0.25 0.74 025 -8.1 2.14 062
REO PE3241 EIFSA 4lg[1 11 367 32[101 0.61 0.25 0.61 0.25 -6.04 2.75 0.62
ROO 015717 ELAVLL 11]8]2 21 7 3 4|4]0 0.61 0.25 0.61 0325 9.13 162 062
ROO OEINES PPPAR3A_ 8[10 9 3 320311 0.7 0.23 0.7 0.23 -10.44 15 062
REO P4E7E3 RPs10 3|12|0 15 5 3 5|3]0 0.65 0.22 0.65 022 -13.16 LEE 062
REO O9MNT4  DUSE al2]0 & 2 31)1jo 0.56 0.22 0.56 022 525 3 062
REO 096220 PUST 7]1]1 9 3 3311 0.66 0.22 0.66 012 124 18 0.62
RCO P27654 RPAL A40]22|5 67 22.33 315)14]2 0.62 0.21 0.62 0.21 -32.52 2.16 063
REO O9¥5TS USP16 414]2 10 3.33 31|20 0.3 0.21 0.3 0.21 -3.39 3.33 063
REO POS412 1UN 7]4]2 13 4.33 3 2(3]0 0.57 0.21 0.57 0.21 566 16 0.63
REO 015055 EIF4H 302|3 8 267 31(1)0 0.26 0.21 0.26 021 235 4 0.63
REO PE10EL UBE 2N 7]4]0 11 3.67 3 2|3l0 0.57 0.2 0.57 0.2 9.13 22 063
REO O9EAES FUBPL 7]1]1 9 3 3 3[1]0 0.61 0.2 0.61 0.2 591 2.35 0.63
REO O9BRPE  PYML 20200 4 1.33 3 0|10 0.31 0.2 031 0.2 -4.01 4 0.63
RCO O8ESES RALYL 2]2|0 4 1.33 FTHE 0.31 0.2 0.31 0.2 -4.01 4 063
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RCO O9NZZ3  CHMPS 2|0]0 2 0.67 FTHE 0.31 0.1 0.31 0.1 -4.01 2 066
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CRAPome contaminants removed for DD mutants (DNA repair genes were not removed even if

identified in CRAPome)

DM A repair factors not removed from DD list because of overlap with DMA repair genes List of Contaminants identified from 50% of CRAPome experiments and removed







Manual filtration of DD mutants
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Chapter 3: TRIP12 and the Ku complex

3. Introduction

The DNA damage response (DDR) is a complex network of signaling pathways that responds
to various forms of DNA lesions and involves i) sensors, which detect the DNA damage ii) cell
cycle arrest, with various transducers that coordinate the downstream signaling, and iii) effectors,
which mediate the eventual fate of the cell (1). Double stranded breaks (DSBs) are the most
deleterious form of damage because, if left unrepaired, they can produce lethal chromosomal
aberrations that may trigger apoptosis (2). Non-homologous end joining (NHEJ) is the
predominant pathway by which DSBs are repaired and functions throughout the cell cycle. The
Ku complex, composed of the subunits Ku70 and Ku80, is one of the earliest responders to DSBs
in the NHEJ pathway and rapidly binds double stranded DNA (dsDNA) to recruit critical
processing and ligating factors to ensure repair. Ku has a strong affinity for dsSDNA ends (Kd in
the nM range); combined with its high abundance in human cells (~400,000 molecules/ cell), Ku
is recruited to sites of damage within seconds of DSB induction (3, 4). Structurally, Ku70 and
Ku80 share common domain topology: both subunits contain an N terminal a/f domain, a core
DNA binding domain, and a subunit-specific C- terminal domain. The N terminal domain of both
subunits are divergent members of the von Willebrand factor A (VWA) family domain (5).

Previously, our lab was interested in identifying residues in the Ku70 vWA domain that could
be important for Ku function in response to DNA damage and identified the S155 residue as a
novel phosphorylation site in response to ionizing radiation (IR) (6). Our lab found that Ku70
S155D-expressing mouse embryonic fibroblasts (MEFs) maintained persistent DDR signalling,
cell cycle arrest in the G1 and G2 phases and decreased proliferation, even in the absence of

exogenous DNA damage and also observed altered expression in certain apoptotic and cell cycle
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regulatory genes like ATF2 and Cyclin D (7). Our lab further demonstrated that the Ku70 S155A
and S155D mutations did not impact DNA repair activity, suggesting that the substitution of
these residues did not modulate binding to core NHEJ factors and that the observed effects may
be important for functions outside DNA repair. Moreover, while S155D expressing MEFs
demonstrated altered cell cycle progression and gene expression changes, the mechanism by
which these changes occurred remained unclear. These findings led us to hypothesize that
phosphorylation of the Ku70 S155 residue plays a critical role in sustaining the DDR at sites of
DSBs (6, 7). Specifically, in response to IR, Ku70 is recruited to DSBs, and following cellular
assessment of the extent of damage, phosphorylation at S155 occurs if the damage is determined
to be too extensive for efficient repair (7). However, given that Ku70s role in NHE] is primarily
that of a recruitment hub, our lab also sought to uncover novel protein interactors that might
explain the effects observed with Ku70 S155D.

To uncover factors that might regulate Ku70 function in a phosphorylation-dependent
manner, our laboratory interrogated the Ku70-S155D proximal proteome using BiolD2-based
proximity labeling. This approach identified Thyroid Hormone Receptor Interactor 12 (TRIP12)
as a high-confidence Ku70 interactor. TRIP12 was further validated to co-localize with Ku70 in
response to IR (8).

TRIP12 is a poly- (ADP)-ribose (PAR) targeted E3 ligase involved in various cellular
processes including cell cycle progression and the DDR (9—-11). Structurally, TRIP12 contains
four distinct domains: a C-terminal HECT domain, a WWE domain, an Armadillo (ARM)
domain, and an intrinsically disordered region (IDR). TRIP12 participates in diverse cellular
processes due in large part to its distinctive structural features. Among the approximately 600 E3

ligases encoded by the human genome, only six contain a WWE domain, including TRIP12, and
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RNF146 (also known as Iduna) (12). WWE domains are characterized by their conserved
tryptophan-tryptophan-glutamate residues, which function as poly- (ADP-ribose) (PAR)-binding
modules. These domains facilitate recognition and binding of PARylated substrates by
recognizing the ADP ribose moiety (13). When coupled with their respective catalytic domains,
such as the HECT domain in TRIP12, these WWE-containing E3 ligases effectively target
PARylated proteins for ubiquitin-dependent proteasomal degradation or other ubiquitin
dependent signalling cascades (12).

PARP1 and PARP2 are responsible for approximately 80% of the PARylation in the cell
(14). While PARP1 is well established as essential for single-strand break (SSB) repair, its role in
the repair of DSBs remains less clearly defined. Recent evidence indicates that PAR chains
generated at DSB sites by PARP1 may function as recruitment platforms for DSB repair proteins
(15). Consistent with this idea, several core NHEJ factors contain PAR-interactive modules; for
example, Ku70 contains a PAR binding motif (aa 243-264) (16) and APLF contains a PAR-
binding zinc finger domain (PBZ) (17). Additionally, Ku70 and PARP1 can form a complex,
Ku70 is PARylated by PARP1 and some evidence even suggests that PARP1 can compete with
Ku for placement on a DSB (18-20).

The role of TRIP12 in the DDR can be characterized as a regulator due to its E3 ligase
activity. Upon DSB induction, the Mrel1-Rad50-Nbs1 (MRN) complex rapidly localizes to
damaged DNA, facilitating recruitment and activation of the Ataxia-Telangiectasia Mutated
(ATM) kinase (21). Activated ATM undergoes autophosphorylation and subsequently
phosphorylates histone variant H2AX at serine 139, generating the DNA damage marker YH2AX
(22). This modification recruits Mediator of DNA damage Checkpoint protein 1 (MDC1), which

itself becomes phosphorylated by ATM, forming phospho-MDCI1 (23). Phosphorylated MDC1



126

subsequently recruits the E3 ligase RNF8, initiating a ubiquitination cascade at damaged
chromatin sites (23). RNF8-mediated ubiquitination creates the initial ubiquitin landscape
necessary for the recruitment of another E3 ligase, RNF168, which binds to and amplifies
ubiquitination signals deposited by RNF8. This amplification ensures the effective recruitment of
essential downstream repair proteins (24) (Figure 3-1). TRIP12 exerts a critical regulatory
function within this signaling cascade by ubiquitinating RNF168, marking it for proteasomal
degradation and thus preventing excessive histone ubiquitination (11). Such regulatory control is
critical, as RNF168-driven ubiquitination of histones H2A and H2AX is essential for recruiting
key DDR proteins, including p53-binding protein 1 (53BP1) and Breast Cancer gene 1

(BRCA1), to damage sites (11). In line with these findings, TRIP12 inhibition has been shown to
increase DNA repair efficacy by increasing rates of NHEJ, consistent with increased 53BP1
loading onto chromatin, while TRIP12 overexpression (as well as overexpression of the IDR on
its own) has been shown to interfere with the DDR through the formation of chromatin
condensates that prevent accumulation of MDC1 (11, 25). The importance of TRIP12’s
regulatory role is further emphasized by observations that its absence leads to unchecked
RNF168-mediated ubiquitination on chromatin, resulting in the aberrant sequestration of BRCA1

and 53BP1 (11).
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Figure 3-1. The DNA damage response to DSBs. Following DNA damage, the MRN complex
1s recruited to the site of the DSB, where it recruits and activates ATM. Activated ATM
autophosphorylates, and phosphorylates H2AX at ser139 to generate YH2AX. yH2AX recruits
MDC1, which is also phosphorylated by ATM. Phospho MDCI recruits RNF8, which lays down

the initial ubiquitin landscape at damaged chromatin sites. RNF168 binds to and amplifies the
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ubiquitin marks laid down by RNF8. These ubiquitin marks can then recruit 53BP1 and BRCAI.
TRIP12 regulates RNF168 levels to prevent excessive histone ubiquitination by targeting it for

proteasomal degradation.
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Not only is RNF168 a known TRIP12 substrate, but so is PARP1. One of the earliest
events in the DDR 1is the almost immediate recruitment of PARP1 to sites of damage, where it
rapidly synthesizes PAR chains to develop a spatiotemporal recruitment platform for other repair
factors (26). PARP1 not only synthesizes PAR chains on nearby target proteins but also auto
PARylates. This autoparylation allows TRIP12 to target PARP1 for degradation, effectively
maintaining steady state PARP levels (9).

Recently, TRIP12 has been implicated in the base excision repair pathway (BER) by
targeting DNA Polymerase § (Pol B) for ubiquitination. When uncoupled from physiological
binding partners, TRIP12 targets Pol B for degradation. However, when coupled with XRCCl1
(i.e. when Pol B is engaged in BER) the authors found that TRIP12 mediated ubiquitination can
prevent excess Pol B binding to chromatin and may even regulate Pol B recruitment to sites of
DNA lesions. They hypothesized that at complex DSBs, TRIP12 will prioritize the repair of
lesions whose repair is mediated by BER because SSBs and base lesions targeted by BER can
convert into DSBs if left unrepaired (27). Because of its role in restraining NHEJ via 53BP1
recruitment while promoting BER at complex DSBs, the authors dubbed TRIP12 a “repair-
sequence-controller” through ubiquitination, where it coordinates BER and NHEJ to ensure
appropriate DNA repair pathway choice and sequence to prevent DNA damage aggregation.
Importantly, this cross talk has also been shown to be mediated by Ku70, which directly interacts
with Pol B. This complex formation promotes the polymerase activity of Pol B and increases
BER efficiency as well as NHEJ (28). Furthermore, Ku80 depleted cells have been shown to be
hypersensitive to ROS and have reduced BER capacity (29). However, how the TRIP12-Ku70

complex together mediates cross talk between the two pathways remains to be elucidated.
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In this study, I build upon our earlier work to elucidate the molecular details of the
interaction between Ku70 and TRIP12 within the DDR. I show that following IR, TRIP12 and
Ku70 form a complex and that the co-localization of Ku70 and TRIP12 coincides with the
reduction in YH2AX signals, pointing to a spatiotemporally regulated interaction that is confined
to active DSB repair and restricted to a particular stage of the repair process. Our findings further
reveal that TRIP12 is recruited to sites of laser induced damage through its WWE domain in
Ku70 expressing cells, but this recruitment is abolished in the absence of Ku70, implying that
TRIP12 is recruited to sites of DNA damage in a Ku70 and WWE dependent manner. To further
demonstrate the WWE dependent recruitment of TRIP12 to sites of damage, I treated TRIP12-
EGFP expressing cells with Olaparib and assessed its recruitment dynamics. I demonstrate that
TRIP12 recruitment to sites of DNA damage is abolished in the presence of Olaparib.

In conclusion, the work outlined in this chapter contributes to our understanding of how
novel protein-protein interactions can mediate DNA damage response signalling by coordinating
Ku70 and PAR-dependent recruitment of TRIP12 to sites of DSBs. Future studies should aim to
characterize the molecular determinants governing the TRIP12- Ku70 complex formation and
how perturbations in this pathway can affect genome stability, potentially offering novel
therapeutic targets that could enhance the efficacy of treatments targeting DNA damage repair.
3.1 Materials and Methods
3.1.1 Plasmids

The EGFP tagged TRIP12 constructs were received from Dr. Omar Khan (30), except for the
TRIP12 AWWE mutant that was generated as described below. The EGFP tagged full-length
human TRIP12 construct (received from Dr. Omar Khan (30)) was used as the parental vector.

The WWE domain of TRIP12 (corresponding to amino acids 749-838) is flanked by two HindIII



131

cut sites. To generate the AWWE mutant, the region between these HindIII sites was excised by
restriction digest and was replaced with a synthetic DNA fragment that lacked the WWE coding
sequence (Ansa biotechnologies, Appendix A). The ligation was then performed using T4 DNA
ligase (ThermoFisher Scientific) and the resulting construct was verified with nanopore
sequencing (Flow Genomics).

The Ligl V-EGFP plasmids were gifted by D. Van Gent (Department of Genetics, Erasmus
MC, Rotterdam, the Netherlands) and the EGFP-Ku70 was generated previously in our
laboratory.

3.1.2 Cell culture and transfections

TREX 293 conditional Ku70 knockout cells (31) were cultured in Dulbecco's Modified
Eagle's Medium (DMEM) (Wisent Bioproducts, St. Bruno, QC, Canada) with 10% fetal bovine
serum (FBS) (Wisent Bioproducts) at 37°C in 5 % CO.. Conditional Ku70 knockout cells were
maintained in blasticidin (15 pg/mL), hygromycin (15 pg/mL; Wisent Bioproducts), and Dox
(1 pg/mL) medium when Ku70 expression was necessary. The generation of the Ku knockdown
cells is described here (31). Briefly, following knockout of the endogenous Ku70, these cells
express an exogenous, HA-tagged copy of Ku70 whose expression is doxycycline inducible.
When doxycycline has been withdrawn, Ku70 expression subsequently subsides and eventually
disappears by Day 8 following doxycycline supplementation (Figure 3-2). The “Days” refers the
number of days following the last doxycycline supplementation. Thus, to generate Day 6 dox off
cells used for microlR experiments (i.e. doxycycline supplementation has been withheld for 6
days), doxycycline supplementation was eliminated 4 days prior to transfection to minimize
Ku70 expression while maintaining cell viability to assess Ku70-dependent recruitment

dynamics. “+Dox” Indicates Ku70-HA is induced and expressed (Figure 3-2). LiglV-EGFP,
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Ku70-EGFP and full length EGFP-TRIP12 as well as its domain deletion constructs were
transfected with Lipofectamine 3000 (Invitrogen) on Day 4 post doxycycline withdrawal
according to manufacturers instructions and imaged on Day 6.

Olaparib (Sigma Aldrich) was used at a concentration of SuM and cells were treated for 1hr
prior to staining with Hoechst 33342 for microlaser irradiation studies. Olaparib was also
maintained in solution during the imaging process at the same concentration.

For Figure 3-5H, the AWWE construct as well as the constructs received from Dr. Omar
Khan were transfected in HEK293 cells with Lipofectamine 3000 (Invitrogen) for 48 hours prior

to collection and analysis by Western Blotting.
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Figure 3-2. Schematic representation of the system used for microlaser irradiation experiments.
In the conditional TREX 293 Ku70 knockout cell line, Ku70 expression is doxycycline
inducible. Following the initial doxycycline supplementation (1pg/mL), doxycycline was halted,
resulting in reduced Ku70 expression over time. On Day 4 post-dox withdrawal, EGFP
constructs were transfected for 48 hours and imaged by Day 6, when Ku70 expression has

significantly depleted.
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3.1.3  Indirect immunofluorescence

Immunofluorescence was performed as previously described (8). Briefly, HEK293 or
HeL a cells were cultured on glass coverslips and fixed with 4% paraformaldehyde. Following
fixation, the cells were permeabilized for 10 minutes at room temperature using 0.5% Triton X-
100. For indirect immunofluorescence, cells were incubated overnight at 4 °C with a mouse anti-
Gamma H2AX primary antibody (sc-517348, Santa Cruz, 1:1000), followed by incubation with
an Alexa Fluor 647-conjugated anti-mouse secondary antibody (Invitrogen,1:1000). Coverslips
were mounted using ProLong Gold antifade reagent containing DAPI (Invitrogen) for nuclear
staining. Images were acquired using a 40% objective on an Olympus BX51 microscope and
processed with Imagel.

3.1.4 Duolink® In Situ Proximity Ligation Assay (PLA)

PLA was performed as per the manufacturer’s instructions (Sigma Aldrich). Briefly, cells
were permeabilized and fixed identically to indirect immunofluorescence and incubated
overnight with the following antibodies: Ku70 (mouse, N3H10, 1:1000), Ku80 (mouse, B-4,
Santa Cruz, 1:1000) and TRIP12 (rabbit, Abcam EPR27062-86, 1:500). Following incubation,
PLA was conducted using anti-mouse minus and anti-rabbit plus probes. Cells were mounted and
imaged identically to immunofluorescence experiments. A minimum of 150 cells were counted
per condition from three biological replicates, and representative images were taken on the Leica
SP8 confocal microscope at 43x. All PLA analysis were performed on GraphPad prism using a
one-way ANOVA with Sidaks multiple comparisons, where **** indicates p<0.0001. Error bars

reflect the standard error of the mean (SEM).
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3.1.5 Microlaser irradiation for protein recruitment to DNA damage sites
Cells were seeded and transfected on glass bottom 35mm dishes (Mattek, P35G-1.5-14-

C) two days prior to DNA damage induction as described in Methods: Cell culture and
transfections. Cells were sensitized with Hoechst 33342 (1 pg/mL, Thermofisher) for 15 minutes
prior to irradiation. Cells were maintained in a temperature-controlled chamber at 37C and 5%
CO> during irradiation (33). Images were taken using a 63x oil immersive aperture using the
Leica SP8 confocal microscope. Cells were irradiated with a 405nm laser at 100% laser power
for 15-20 iterations at 512x512 and imaged with 488nm. Damage tracks were quantified with
ImageJ in accordance with the protocol from Kurz et al., (2023) (32). A minimum of 11 cells
(n=11) were irradiated per construct across at least three independent experiments. Statistical
analysis was performed in GraphPad Prism using a two-way ANOVA with Sidaks multiple
comparisons test. The data presented are the mean with error bars representing SEM.
3.1.6 Preparation of whole cell extracts and Western blotting

Whole cell extracts (WCE) were prepared as previously described (8). Extracts were resolved
by SDS-PAGE (6 or 8%) before transferring onto polyvinylidene difluoride (PVDF) membrane.
Membranes were blocked in 5% milk in TBST for one hour at room temperature before
incubation overnight at 4°C with the following antibodies: rabbit anti-vinculin (E1E9V, Cell
Signaling Technology, 1:5000), mouse anti-Ku70 (N3H10, Santa Cruz, Dallas, TX, USA,
1:1000), rabbit anti-TRIP12 (Bethyl, A301-814A), rabbit anti-) or mouse anti-EGFP (Santa Cruz,
5¢-9996, 1:500).

For the Ku70 co-immunoprecipitation, wild-type HeLa cells untreated or treated with IR
were collected to produce 500 ug of WCE that was diluted to 0.01% NP-40 and pre-cleared for

30 min, followed by a 2 h incubation at 4 °C with an anti-TRIP12 antibody (A301-814A, Bethyl,
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Waltham, MA, USA). Immunoprecipitated proteins were bound using PierceTM Protein G
magnetic beads (ThermoFisher Scientific) and washed five times in wash buffer (20 mM HEPES
pH 7.4, 100 mM NaCl, 0.5 mM EDTA, 0.05% NP-40, 12% glycerol) before being analyzed by
Western blotting (8). The co-immunoprecipitation quantification was conducted on n=3
biological replicates using an unpaired t-test with error bars representing SEM.
3.2 Results
3.2.1 TRIP12 and Ku70 form a complex after DNA damage

It was previously established that Ku70 and TRIP12 co-localize after DNA damage (8).
To determine complex formation between Ku70 and TRIP12 in response to DNA damage, |
performed co-immunoprecipitations. I found that TRIP12 and Ku70 weakly co-
immunoprecipitated in the absence of IR and that this complex formation was enhanced
following DNA damage induction. Although the difference did not reach statistical significance,
the data show a consistent trend in complex formation enrichment following DNA damage

(Figure 3-3). This validates the co-localization detected by PLA.
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Figure 3-3. Ku70 interaction with TRIP12 in response to DNA damage. HeLa cells were left
untreated (—) or subjected to 40 Gy of IR (+) and whole cell extracts were prepared after 1 h
incubation. Immunoprecipitation was performed (n = 3) with a TRIP12 antibody (or control IgG)
and immunoprecipitates were analyzed with antibodies Ku70 and TRIP12. Equal loading of
inputs was assessed with a vinculin antibody. Ku70 signal was normalized relative to the TRIP12
immunoprecipitation and the untreated samples (set to 1). Quantifications represent n=3

biological replicates and statistical analysis was assessed using an unpaired t-test, = SEM.
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3.2.2 TRIP12 and Ku70 co-localization correlates with the loss of YH2AX

Previously, our lab showed that TRIP12 and Ku70 co-localize 1 hour following IR exposure
(10 Gy), although they did not examine how long this co-localization persists (8). To build on
these findings, I assessed the temporal dynamics of TRIP12-Ku70 co-localization in the context
of DSB resolution. Thus, PLA was performed in HeLa cells at multiple time points (1-, 24- and
48-hours) post-IR (2 Gy). TRIP12 and Ku70 co-localized robustly at 1-hour post-IR (~139 foci/
cell) in comparison to the -IR (~21foci/cell) state and steadily declined over the next 24 (~113
foci/cell) and 48 hours (~55 foci/cell), mirroring the reduction in YH2AX (Figure 4A—C). These
findings suggest that TRIP12—Ku70 co-localization tracks with active DSB repair and returns to
near baseline levels once most breaks have been resolved. Since Ku70 and Ku80 exist as an
obligate heterodimer, I also sought to confirm that TRIP12 co-localizes with Ku80. As expected,
TRIP12 and Ku80 co-localization corresponded to the co-localization observed with Ku70.
Altogether, this data points towards a conditional interaction that is accentuated in response to

DNA damage and resolves when repair has finalized.
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Figure 3-4: PLA analysis using endogenous Ku70, Ku80 and TRIP12. A) HeLa cells were
irradiated (2Gy) and fixed at the corresponding time points post IR. PLA was performed using
antibodies against Ku70,Ku80 and TRIP12. Images were taken at 40x magnification. B) Gamma
H2AX staining after irradiation with 2Gy. Cells were fixed at the corresponding time after IR
and imaged using the 40x objective. C) Quantification of the number of nuclear PLA foci per
cell in HeLa cells for Ku70 and TRIP12 PLA. A minimum of 150 cells were counted from 3
biological replicates. D) Quantification of the number of nuclear PLA foci per cell in HeLa cells
for Ku80 and TRIP12 PLA. A minimum of 150 cells were counted from 3 biological replicates
and statistical analysis was performed using a one-way ANOVA with Sidaks multiple

comparisons. Error bars represent the mean £ SEM.
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3.2.3 TRIP12 is recruited to sites of DNA damage in a WWE and Ku70 dependent manner.

To identify determinants of TRIP12 recruitment to DNA damage sites, I employed our labs
TREX 293 Ku70” conditional knockout cell line (31). In this system, endogenous Ku70 is
knocked out and an exogenous, HA-tagged copy is introduced whose expression is doxycycline
inducible. In the presence of doxycycline, these cells express Ku70 and when doxycycline has
been withdrawn, Ku70 expression subsides and eventually nullifies by Day 8 following
doxycycline withdrawal (31). Given that microlaser irradiation can generate various types of
DNA lesions across different wavelengths, I first sought to validate that our laser parameters
induced DSBs in addition to other forms of damage (32). Thus, Ku70-EGFP was transfected
into the + Dox or - Dox (Day 6) cells and subsequently irradiated. As seen in Figure 3-5 A)
Ku70 localizes to laser tracks almost immediately after DNA damage induction in both Day 6 -
Dox cells and + Dox cells, indicating our laser parameters were sufficient in inducing DSBs.

Since Ku70 is essential in human cells, achieving a complete knockout is not feasible (31,
34). Nonetheless, I aimed to reduce Ku70 expression to the lowest levels possible while
maintaining cell viability. To confirm that Ku70 depletion was sufficient to impact the
recruitment of DNA repair factors whose recruitment is Ku dependent, I transfected LiglV-EGFP
into both Ku70-expressing and Ku70-depleted cells (n=11) (Figure 3-5B). Quantitative analysis
revealed a marked reduction in LigIV recruitment to laser-induced damage tracks in Day 6
knockdown cells compared to doxycycline-treated controls (+Dox) (p < 0.01) (Figure 3-5B),
suggesting Ku depletion has a significant impact on LiglV recruitment and presumably, the
recruitment of other repair factors whose localization to DSB sites is Ku dependent.

To establish the dynamics of TRIP12 recruitment to DNA damage sites, I first transiently

transfected both +Dox and -Dox cells with full-length EGFP-TRIP12 or either of three domain
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deletion constructs: EGFP-AHECT (HECT domain removed), EGFP AWWE- or EGFP-IDR-
ARM (lacking both the WWE and HECT domains) (Figure 3-5 H). Full-length EGFP-TRIP12
localized to laser-induced damage tracks almost immediately after damage induction and was
retained at damage sites for at least ~30s in Ku expressing cells (Figure SC). In the absence of
Ku70, this recruitment was significantly reduced, suggesting that full length TRIP12 recruitment
is Ku70 dependent (Figure 3-5C). In Ku expressing cells, deletion of the HECT domain slightly
diminished the recruitment when compared to the full length TRIP12 but did not abolish it,
suggesting that the HECT domain is minimally responsible for TRIP12 localization to DSB sites
(Figure 3-5D). In contrast, the AWWE mutant, along side the double-deletion mutant (IDR-
ARM) (Figure 3-5E-F) failed to accumulate at damage sites, demonstrating that the WWE
domain is critical for TRIP12 recruitment. In Ku70 depleted samples, I did not observe any
significant recruitment of full-length TRIP12 or its deletion mutants, suggesting TRIP12
localization to DSBs is heavily dependent on Ku70 expression (Figure 3-5 C-E). To confirm
Ku70 levels were significantly decreased, whole cell extracts were collected by Day 6

doxycycline withdrawal and analyzed via western blot (Figure 3-5 G).
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Figure 3-5. Analysis of TRIP12 recruitment to sites of laser induced damage in Ku70
expressing (+Dox) or knockdowns (-Dox) cells. TREX 293 +Dox and -Dox cells were
transiently transfected with A) Ku70-EGFP B) Ligl V-EGFP C) EGFP-TRIP12 D) EGFP-AHECT
E) EGFP-AWWE or F) EGFP-AHECT/WWE for 48hrs prior to sensitization with Hoechst
33342 and irradiated at 405nm with the Leica Sp8 confocal microscope. Laser tracks were
quantified and plotted over time (n=11). Statistical analysis was conducted using a two-way
ANOVA with Sidaks multiple comparisons across n=11. Error bars represent the mean + SEM.
G) Expression of Ku70 Day 6 following Dox withdrawal H) Western blot and schematic
representation of TRIP12 and its domain deletion constructs, with their associated sizes.
HEK?293 cells were transfected with the indicated constructs for 48 hours with Lipofectamine

3000 reagent prior to collection and analysis by Western Blotting with GFP antibodies.
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Because WWE domains primarily function to recognize and bind PAR chains and TRIP12
has been reported to undergo extensive PARylation by PARP1 (9), I next examined whether
TRIP12 recruitment to sites of laser induced damage was dependent on PARP1 activity. To test
this, microlaser irradiation experiments were performed in the presence or absence of the PARP1
inhibitor Olaparib (5uM) (Figure 3-6). Consistent with our previous observations, TRIP12 was
rapidly recruited to sites of DNA damage within 10s of damage induction in untreated samples,
but this recruitment was markedly diminished upon PARP inhibition with Olaparib (Figure 3-6).
This suggests that TRIP12 recruitment to sites of DNA damage is not only Ku dependent but

PARP1 dependent as well.
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Figure 3-6. Analysis of TRIP12 recruitment to sites of laser induced damage in the
presence and absence of Olaparib. TREX 293 +Dox cells were transiently transfected with
EEGFP-TRIP12 for 48hrs prior to sensitization with Hoechst 33342 and irradiated at 405nm
with the Leica Sp8 confocal microscope. Laser tracks were quantified and plotted over time
(n=11) . Statistical analysis was conducted using a one-way ANOVA with Sidaks multiple

comparisons across n=11. Error bars represent the mean + SEM.
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3.3 Discussion

In this study, I sought to explore the basis of the TRIP12—-Ku70 interaction initially identified
through BiolD2 screening. Following confirmation of complex formation after IR, I employed
PLA to assess the temporal dynamics of this interaction. Our results indicate that TRIP12-Ku70
co-localization coincides with the resolution of YH2AX foci, suggesting that the interaction is
temporally regulated and potentially linked to the later stages of DSB repair. Given Ku70’s well-
established role as a recruitment factor during NHEJ, I hypothesized that it may facilitate the
recruitment of TRIP12 to sites of damage. Consistent with this, I observed robust TRIP12
accumulation at sites of laser-induced damage in Ku70-expressing cells. When the HECT
domain was removed, I observed a diminished but not abolished recruitment. However, this
recruitment was eliminated upon deletion of both the WWE domain and the HECT and WWE
domain and was significantly impaired in Ku70-depleted cells, indicating that Ku70 and the
WWE domain are required for efficient TRIP12 recruitment. I further explored the role of
PARylation in regulating this interaction, given the PAR-binding capacity of the WWE domain
and assessed TRIP12 recruitment to sites of DNA damage in Olaparib treated samples. I found

that recruitment was abolished in Olaparib treated samples relative to untreated controls.

Taken together, our findings point towards a model where TRIP12 is recruited to sites of
DNA damage in a Ku70/PARylation dependent manner. The WWE domain likely facilitates the
initial recruitment of TRIP12 to damage sites via PAR chain recognition while phosphorylation
of the S155 residue may act to dock TRIP12 to sites of damage following damage assessment.
The partial localization to DSB sites in the absence of the HECT domain indicates that this

domain is not necessary but contributes to the efficacy of damage site association. However, the
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loss of the WWE domain abolishes recruitment altogether, indicating that while the HECT
domain may contribute minimally to TRIP12 localization, the WWE domain is required for

efficiently targeting TRIP12 to DSB sites (Figure 3-7).
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Figure 3-7: Proposed model of TRIP12 recruitment to a Ku70/Ku80-bound DNA break. Ku
rapidly binds DSB ends, and PARP activity generates a PAR signal on the Ku complex. TRIP12,
via its PAR-binding WWE domain, is initially recruited by recognizing this PAR chain.
Subsequent phosphorylation of Ku70 at Ser155 stabilizes the TRIP12—-Ku complex even after
PAR chains are degraded, allowing retention of TRIP12 at the break site. TRIP12’s presence
contributes to DDR signaling by ubiquitinating known (RNF168) and potentially novel (Ku70)

substrates via its HECT domain or by controlling the sequence of repair events at DSBs.
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Recruitment of DNA repair factors to sites of damage often relies on the coordinated activity
of multiple proteins (such as PARP1 and Ku70) to ensure appropriate localization and timely
repair at DNA lesions. For example, the chromatin associated factor HMGA1 is PARylated by
PARP1 and this modification enhances the accumulation of the Ku complex at damage sites (36).
Similarly, RNF146/ Iduna is a PAR targeted E3 ligase implicated in the DDR. Recent studies
have shown that RNF146 targets PARylated NBS1, a key component of the MRN complex, for
ubiquitination mediated degradation. Since PARylation promotes NBS1 recruitment to DSBs,
RNF146 functions as an important regulator of NBS1 stability and retention at damage sites (37).
Notably, the recruitment of the MRN complex itself has been reported to be partially dependent
on Ku (38), further emphasizing interplay between different factors in protein recruitment to sites

of DNA damage.

However, like NBS1, we must also consider that Ku70 itself may also act as a potential
substrate for TRIP12. For Ku80, some evidence suggests that ubiquitination by the E3 ligases
RNF8 and RNF138 free it from DNA ends, targeting the subunit for degradation (39, 40). In
addition, neddylation-dependent Ku70 ubiquitination has been reported to facilitate Ku70
removal from damage sites once repair has been finalized (41). Beyond these observations, the
functional consequences of Ku ubiquitination are largely unknown so if and when TRIP12
mediated ubiquitination of Ku may integrate into their interaction dynamics remains to be

investigated.

A final layer of regulation that must also be considered is the dual role of TRIP12 and Ku70
in mediating crosstalk between the BER and NHEJ pathways. Given that both TRIP12 and Ku70

have been shown to regulate crosstalk between the two repair pathways, it is possible that the
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TRIP12-Ku70 complex formed during DNA repair may have a role in regulating both BER and
NHE]J. Previously, SSB and DSB repair were thought to be repaired via distinct mechanisms
with minimal overlap (18). However, emerging research has demonstrated that there is
substantial cross talk between repair pathways, with Ku70 and TRIP12 central to mediating this
coordination (27, 28). TRIP12 has been dubbed as a repair sequence controller via ubiquitination
so that BER and NHEJ can occur in a timely, appropriate sequence at complex DSBs that
comprise both base damage and DSBs. Since most DSBs induced by 2 Gy of IR are repaired
within 24hrs (31), the remaining breaks observed via YH2AX in our data at 24Hrs post IR are
likely complex DSBs that require engagement of multiple repair pathways. Given that our PLA
data shows a significant increase in Ku-TRIP12 co-localization at 24hrs compared to untreated
controls, combined with the persistent YH2AX at 24hrs post IR, these findings could potentially
support a model in which TRIP12 initially regulates DSB signaling and efficacy through Ku70
mediated recruitment, and then remains at complex lesions via S155 phosphorylation to control

the sequence of repair events once simple DSBs have already been repaired.

In this chapter, I sought to define the molecular basis underlying the interaction between
TRIP12 and Ku70 following DNA damage. Our data reveals that TRIP12 and Ku70 form a
complex after DNA damage and that TRIP12 is recruited to sites of DSBs in a Ku70/WWE
dependent manner, indicating that TRIP12 localization requires multiple layers of regulation.
How phosphorylation and PARylation of Ku70 fit within the order of the DDR remains elusive,
however our work has characterized the basic determinants of the Ku70-TRIP12 interaction in
response to DNA damage. Future studies aimed at defining the structural and biochemical
determinants of this interaction will be critical for determining the full extent of the role of the

Ku-TRIP12 complex in maintaining genome integrity.
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3.5 Appendix C

Sequence of the synthetic fragment used to generate AWWE mutants.
aagcttagctttgttagaggcaaggggtcttccccctcacctatttggtectettggtectcggatgtcacagcttttccatagaacaattggaag
tggagctagttctaaggcccagecagcetactacaaggattgcaagecagtgatgaaagtcaacagettcaggcagttattgagatgtgtcagtt
actggtcatgggaaatgaggagacactgggagggtttcctgtcaagagtgttgttccagetttgattacgttacttcagatggageacaattttg
atattatgaaccatgcttgtcgagccttaacatacatgatggaagcacttcctcgatcttetgetgttgtagtagatgctattectgtetttttagaaa
agctgcaagttattcagtgtattgatgtggcagagcaggcecttgactgecttggagatgttgtcacggagacatagtaaagcecattctacagg
cgggtggtttggcagactgcettgctgtacctagaattcttcagcataaatgcccaaagaaatgeattagecaattgcagcetaattgetgecagag
tatcacgccagatgaatttcattttgtggcagattcactcccattgctaacccaaaggctaacacatcaggataaaaagtcagtagaaageact
tgectttgttttgcacgectagtggacaacttccagecatgaggagaatttactccagecaggttgcttccaaagatctgcttacaaatgttcaaca
gctgttggtagtgactccacccattttaagttctgggatgtttataatggtggttcgeatgttitctctgatgtgttccaactgtccaactttagetgtt
caacttatgaaacaaaacattgcagaaacgcttcactttctcctgtgtggtecctccaatggaagttgtcaggaacagattgatcttgttccacg
aagccctcaagagttgtatgaactgacatctctgatttgtgaacttatgecatgtttaccaaaagaaggcatttttgcagttgatacctttattaag
acgttatttggtgttctttatgaagtgtatagttcctcagcaggacctgeggtcagacataagtgecttagagcaattcttaggataatttattttge
ggatgctgaacttctgaaggatgttctgaaaaatcatgetgtttcaagtcacattgcttccatgetgtcaageccaagacctgaagatagtagtgg
gagcacttcagatggcagaaattttaatgcagaagttacctgatatttttagtgtttacttcagaagagaaggtgtaatgcatcaagtaaaacact
tagcagaatcagagtctttgttgacaagtccaccaaaggcatgtacgaatggatcgggatccatgggatccacaacttcagtcagecagtggg
acagccacagctgccactcatgetgcagetgacttgggatcacccagettgecagecacagecagggatgattetttagatctcagecctcaagg
tcgattaagtgatgttctaaagagaaaacgactgccaaaacgagggccaagaaggccaaagtactcacctccaagagatgatgacaaagt
agacaatcaagctaaaagccccaccactactcagtcacctaaatcttetttcctggecaaagctt).
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Chapter 4: General discussion
4.1 Summary of findings

Previously, our lab explored a series of residues in the Ku70 vWA domain that could
influence Ku function in response to DNA damage: the S155 and the D192/D195 residues. The
S155 residue was first identified as a novel phosphorylation site that, upon mutation to aspartic
acid, resulted in constitutive activation of the DDR and cell cycle arrest in the absence of
exogenous DNA damage (1, 2). The D192 and D195 residues were initially identified in yeast as
critical for NHEJ. Our laboratory then validated the NHEJ defect upon mutation of these
residues in mammalian cell lines but the mechanism by which these defects occurred had yet to
be identified (1, 3). Given Ku’s role in facilitating the recruitment of repair factors during NHEJ,
our lab hypothesized that mutation of both the S155 and D192/D195 residues may abolish an
essential protein interaction in response to DNA damage that may mediate the effects observed
when these residues are mutated.

To identify Ku70 proximal interactors in response to DNA damage, we utilized
miniTurbo BioID with wild-type Ku70, Ku70 D192A/D195R and the miniTurbo enzyme on its
own as a control in a conditional Ku70 knockout cell line (4). This represented the first Ku70
proximal proteome in response to DNA damage and we identified both novel and putative Ku70
DNA damage interactors in addition to validating LiglV as a D192/D195 dependent interactor.

Previous work in our laboratory identified TRIP12 as a Ku70 S155D proximal interactor
(5). To explore the implications of the Ku70-TRIP12 co-localization, I first confirmed complex
formation between the two proteins after DNA damage. I further determined that Ku70-TRIP12

co-localization is temporally regulated and tracks with active DSB repair and returns to baseline
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levels when repair has likely been finalized. Additionally, I determined that TRIP12 is recruited
to sites of DSBs in a Ku70 and WWE dependent manner.
4.2 The role of the D192/D195 residues in DNA repair

The D195/D198 residues, corresponding to D192/D195 in humans, were first identified
as important for NHEJ in S. cerevisiae (3). To identify residues in the Ku70 vWA domain that
could be important for Ku function, Ribes-Zamora first investigated highly conserved residues
and performed random mutagenesis studies to identify which variants impacted DNA repair
capacity using in vitro plasmid repair assays. Their screen highlighted the D195/D198 residues as
important for NHEJ. However, subsequent yeast two-hybrid analysis showed no obvious
interaction between full-length yeast Ku70 or the vVWA domain on its own and the core
components of yeast NHEJ, Lig4, Lifl and Nejil (3). This same group later showed that these
residues may mediate Ku heterotetramerization in human cells and promote DNA end-bridging.
However, Ku heterotetramerization has not been reported beyond this study (6). Our lab
validated the NHEJ defects conferred by the D192A/D195R mutations in MEFs but did not
evaluate the mechanism by which these effects had occurred (1). Because vWA domains act as
canonical PPI domains combined with Ku’s role in recruiting various proteins essential for
NHEJ, we hypothesized that these residues may mediate a protein interaction important for
NHE]J.

To identify Ku70 proximal interactors in response to DNA damage, our lab first
attempted to utilize the original BiolD technique in response to DNA damage treatment but
failed to capture NHEJ-specific interactors (unpublished data). This was likely due to the slow
kinetics of the original BiolD enzyme, as NHEJ is a dynamic process while labelling time for

BiolD experiments is between 12-24 hours; additionally, the system used was an overexpression
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system where endogenous Ku70 likely outcompeted the BiolD tagged Ku70 at sites of DSBs

(7). To capture Ku70 NHEJ-specific interactors, we constitutively expressed miniTurbo with
Ku70 and the double mutant to test our hypothesis. While numerous candidates were shared
between our wild-type and mutant expressing screens, we searched for factors that were enriched
in our wild-type screen relative to the D192A/D195R mutants. We identified the Rad51 paralog
Rad51C, LiglV and CSNKI1E as enriched in our wild-type screen relative to our mutant
expressing screen. Additional novel candidates identified in our screen, while not specific to our
D192/D195 residues, included UPF1 and ERCC6L2. The first candidate of interest identified
was the Rad51 paralog Rad51C due to its obvious role in DNA repair. Rad51C is a breast and
ovarian cancer susceptibility gene that plays a prominent role in homologous recombination
(HR) (8). Consistent with its role in HR, Rad51C deficiency has been shown to impair HR (9).
Importantly, Rad51C- negative cells display increased recruitment of NHEJ proteins to
chromatin and augmented dependence on NHEJ (8). This phenotype is contradictory to the DNA
repair defect observed with our D192A/D195R mutations. Thus, Rad51C was excluded as a
potential candidate of choice.

The next candidate of interest present in our wild-type screen was CSNK1E. GO
ontology analysis classified CSNKI1E in DNA repair biological processes however, little is
known about the role of CSNKI1E in DNA repair. Due to the severity of the DNA repair defect
observed upon mutation of the D192/D195 residues and recent crystal structures that reported a
novel interaction interface between the Ku70 vWA domain and LiglV, we focused our efforts on
validating LiglV as a D192/D195 dependent interactor (1, 10).

The recently released cryo-EM structures of the NHEJ complexes formed in response to

DSBs additionally support our findings. Chen et a/ (2021) found that the DBD of LiglV makes
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contact with the Ku70 vWA domain in the SR synaptic complex (further data on the structure of
the short-range synaptic complex can be found here PDB:7LSY and is also discussed at (10))
(10). The SR complex is characterized by ends that are closely aligned and processed for ligation
(11). Since our lab previously demonstrated that mutation of the D192/D195 residues prevents
the repair of simple DSBs, it was unlikely that the mutation was affecting an interaction with an
accessory repair factor, but rather a core factor, like LiglV, that was essential for repair (1). It
should be noted that the authors did not resolve or identify any Ku heterotetramers in their
structural data (10). In addition to D192/D195, other residues in the Ku70 vWA domain may also
help mediate the LiglV-Ku70 vWA interaction. Based on the crystal structure of the SR-synaptic
complex (PDB: 7LSY), additional residues on a-helix 5 of Ku70 (R185, T188, K189) appear to
contact the LiglV DBD but the importance of these residues in mediating this interaction is
unclear. Future studies aiming to fully elucidate the implications of the interaction between Ku70
a-helix 5 and LiglV should explore the effects of mutagenesis of these residues on ligation using
plasmid end joining assays.

In addition to identifying known Ku70 interactors like LiglV, we also identified
numerous candidates shared between Ku70 and our double mutant. These include the DNA
repair accessory factor ERCC6L2 and UPF1.

ERCC6L2 was previously identified in a radiogenetic screen to discover genes involved
in the cellular response to IR (12). Loss of ERCC6L2 was shown to sensitize cells to IR in
organoid cultures and rescued the HR-defect observed in BRCA1 deficient cells (12). ERCC6L2
was also found to interact with Ku and CYREN (13). Very recently, ERCC6L2 and Ku were
found to form a complex together through CYREN to facilitate NHEJ at staggered DSBs,

including those arising at dysfunctional telomeres (14). Since ERCC6L2 was identified as a
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proximal interactor with both the D192/D195 mutants and wild-type Ku in our screen, this
suggests this interaction is not exclusive to the D192/D295 residues. Further studies elucidating
the structural determinants of this interaction could begin with domain mapping experiments
alongside NHEIJ reporter assays using staggered and blunt ends to identify exactly how Ku and
ERCC6L2 together promote repair at these ends. Altogether, this data may point towards a Ku
and CYREN dependent role for ERCC6L2 in DNA repair, but more research is needed to fully
explain its function in NHEJ in relation to Ku.

UPF1 is an ATPase well characterized for its role in non-sense mediated decay as well as
telomeric maintenance (15, 16). While its role in DNA repair is not extensively studied, some
data suggests that UPF1 knockdown results in cell cycle arrest at S phase, triggering a DDR that
results in ATR-dependent phosphorylation of UPF1 (15). Although our screen attempted to
enrich NHEJ-specific interactions, because of the high abundance of Ku in the cell, it is unlikely
that our screen would exclusively identify DNA repair interactors. Thus, if Ku70 and UPF1 do
interact, it is possible that this interaction occurs in a telomeric context rather than canonical
DNA repair.

While our approach to detect Ku70 proximity-based interactors allowed us to identify
LiglV, several limitations must be considered. Firstly, while miniTurbo was the fastest BiolD
enzyme available at the time, we failed to identify several NHEJ factors that make contacts with
the Ku70 vWA domain, including PAXX (17) and XRCC4 (18). This may be due to limitations
of the kinetics of the miniTurbo enzyme or steric hinderance imposed by the formation of NHEJ
super complexes. To circumvent the former limitation, many novel BiolD variants with faster
kinetics and truncations to reduce size have been released, including ultralD (19) and split-

TurboID (20). Given the conditional nature of the formation of NHEJ complexes, the use of
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split-TurboID or smaller BioID variants with faster kinetics may yield labelling of more NHEJ-
specific proximal interactions.
4.3 The implications of Ku70-TRIP12 complex formation after IR

In the work conducted in this thesis, we validated TRIP12 as a Ku-interacting partner
whose recruitment to sites of laser induced damage are Ku and PARylation dependent. Unlike
LiglV, TRIP12 study has only recently intensified due to the discovery of its involvement in
various cellular processes (21). While our research lays the groundwork for future studies
implicating Ku70 and TRIP12 in DDR regulation, there are several gaps in our knowledge that
must be reconciled.

Firstly, while we show that TRIP12 is recruited to sites of microlaser induced damage in
a Ku and PAR-dependent manner, we did not identify the exact mechanism by which this
recruitment occurs. We previously found that TRIP12 preferentially co-localizes with Ku70
S155D. Initially, our hypothesis was that phosphorylation at the S155 residue occurs under
conditions of severe DNA damage to signal overwhelming or unsuccessful repair (2, 5).
Additionally, our lab demonstrated that Ku70 S155 is phosphorylated 30 minutes after IR
treatment (2). I found that Ku70-TRIP12 also co-localize 1hr after DNA damage induction and
mirrors the YH2AX signal over the course of 24 and 48 hours. Given that the majority of IR-
induced simple DSBs are repaired within 30 minutes of damage induction, it’s likely that the
remaining DSBs beyond 30 minutes are complex DSBs or clustered damage that require
additional processing prior to repair (22). This suggests that Ku70 S155 phosphorylation could
act as a signal for TRIP12 retention and/or recruitment at complex DSBs to promote DNA repair
via regulatory control of RNF168 and subsequently, 53BP1, or to facilitate Ku degradation at

breaks where repair is unsuccessful. In the latter case, attempting to study Ku degradation poses
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a unique challenge due to the high abundance of the complex in the nucleus. Because only 1-2
molecules of Ku localizes to each DNA end and this fraction is subsequently degraded following
ligation, attempting to visualize small changes in degradation against a high copy number
background using common experimental techniques like cycloheximide chase experiments,
MG132 and Western blotting is unfeasible (23). This may explain why, despite the large body of
work surrounding Ku, there are relatively few studies that assess its degradation at DNA damage
sites.

We must further consider the role of Ku-TRIP12 in mediating cross talk between repair
pathways. As the number of radiation-induced lesions that are repaired via BER far outnumber
the DSBs produced, it is difficult to distinguish whether TRIP12-Ku co-localization after IR
occurs specifically at DSBs or at other DNA lesions (24, 25). Given that Ku and TRIP12 both
interact with Pol B, a core component of the BER pathway, and Ku70- Pol § form a complex in
response to methyl methanesulfonate (MMS) treatment at repair foci, it is possible that the
Ku70-TRIP12 complex formed after IR may regulate cross-talk between pathways at complex or
clustered DNA damage sites through an interaction with Pol § (26, 27).

The final layer of regulation governing TRIP12 activity after DNA damage in our data is
its PAR-dependent recruitment to sites of laser induced damage in combination with the role of
Ku70 S155 phosphorylation. Recent studies have demonstrated that PARylation-
phosphorylation cascades can regulate DSB repair factor recruitment to sites of DNA damage
(28). Specifically, the authors demonstrated that during HR, RPA is PARylated when bound to
ssDNA. PARylated RPA subsequently recruits HI'V Tat-specific factor 1 (HTATSF1), which can
only bind TOPBP1 when it is phosphorylated at S748. This complex formation between

HTATSF1 and phosphor-TOPBP1 facilitates the recruitment of TOPBP1 to resected ssDNA in S-
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phase in a PARylation and phosphorylation dependent manner (28). The retainment and/or
recruitment of TRIP12 to sites of laser-induced damage in our data may function by a similar
mechanism. We propose a model in which PARylation and Ku70 S155 phosphorylation
cooperate to enable TRIP12 retainment and/or recruitment to sites of DNA damage. Following
IR, Ku will rapidly repair simple DSBs within the first 30 minutes following DNA damage
induction. At complex DSBs that are repaired with slower kinetics, Ku70 S155 is
phosphorylated. Initially, PARylation recruits TRIP12 via its WWE domain (as seen by the
Olaparib-dependent recruitment of TRIP12 to sites of DNA damage in Chapter 3) and Ku70
S155 phosphorylation may stabilize the TRIP12-Ku complex to facilitate its retention at DNA
damage sites. In the case of microlaser irradiation, it is effectively impossible to distinguish
between simple or complex DSBs, therefore, it is difficult to determine in our data how TRIP12
could be retained or recruited at complex DSBs versus simple ones using this technique.

While we have developed a preliminary model for the Ku-TRIP12 interaction based on
our data, there are several gaps that must be filled experimentally to support this hypothesis.
First, it’s important to determine if Ku70 S155D and TRIP12 form an enriched complex relative
to the phosphoablative counterpart; to do so, co-immunoprecipitation experiments should be
performed between Ku70 S155D, Ku70 S155A and TRIP12. In line with these experiments,
domain-mapping co-immunoprecipitations between TRIP12 domain deletion mutants and Ku70
should also be conducted to confirm the vVWA domain is truly responsible for mediating the
complex formation previously identified. Next, to establish if phosphorylation of the S155
residue retains TRIP12 at DNA damage sites, time-lapse live cell imaging experiments after
microirradiation should be conducted in Ku70 S155D and Ku70 S155A expressing cells. Our

laboratory has previously established Ku70 knockout MEFs expressing either Ku70 S155D or



164

S155A (1, 2). Transfecting GFP-tagged TRIP12 into these cell lines and assessing its retention at
damage sites following microirradiation will allow evaluation of TRIP12 retention to sites of
DNA damage in an S155D or S155A dependent manner.

Additionally, to determine if Ku70 S155D/A regulates TRIP12s role in the DDR, over
expressing or knocking out TRIP12 in S155D and S155A expressing cell lines and assessing the
intensity of RNF168 and 53BP1 recruitment at laser tracks would clarify whether Ku70 S155
phosphorylation enables TRIP12s regulatory roles in the DDR.

4.4 Conclusions

Overall, the data in this thesis has resolved the long-standing question regarding the
mechanism by which the D192/D195 residues mediate the DNA repair defect previously
observed upon mutation of these residues. Additionally, we demonstrate novel complex
formation between TRIP12 and Ku70 in response to IR and further demonstrate that TRIP12
recruitment to sites of DNA damage is PAR and Ku dependent.

While Ku70-LiglV and Ku70-TRIP12 interactions appear to be mechanistically distinct,
the formation of these complexes in response to DNA damage likely represent different aspects
of Ku function at DSBs. While Ku likely uses the D192/D195 residues to mediate ligation at
breaks post-processing, complex DSBs may require further PTMs on Ku to enable recruitment or
retention of TRIP12 to regulate downstream repair factors required for further repair. Mediating
LiglV recruitment and potentially TRIP12-dependent regulation may represent the varying roles
of the complex in facilitating both end-joining and coordinating appropriate signaling when
repair is delayed or unsuccessful. Altogether, this data contributes to our understanding of the
role of PPIs in mediating DNA damage repair and provides insight into how Ku enables

numerous aspects of the DDR. Understanding how Ku transitions from promoting ligation to
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coordinating signaling in different DNA repair contexts may have implications in the future for

studying cancer biology, where changes in DSB repair outcomes are an area of active interest.
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