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Figure S1. Expression and co-localisation of VHR (green) and pH2AX (red) proteins at the
IRIFs of unsynchronised HeLa cells exposed to different doses of gamma radiation (from

0.5 to 20 Gy) and collected 1 h later.



Figure S2. Expression and co-localisation of VHR (green) and pH2AX (red) proteins at the
IRIFs of unsynchronised HaCaT cells exposed to different doses of gamma radiation (from
0.5 to 20 Gy) and collected 1 h later.



Figure S3. Expression and co-localisation of VHR (green) and pH2AX (red) proteins at the
IRIFs of unsynchronised HEK293 cells exposed to different doses of gamma radiation
(from 0.5 to 20 Gy) and collected 1 h later.



Merge |DAPI

Figure S4. Expression and co-localisation of VHR (green) and pH2AX (red) proteins at the
IRIFs of unsynchronised MeWo cells exposed to gamma radiation with 10 Gy and collected
up to 24 h after damage.
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Figure S5. Laser scanning confocal microscopy shows that co-localisation between VHR
and ATF2 (Ser 490/498) proteins affects a majority of cells after DNA damage by gamma
radiation. Additionally, co-localisation is strong, specific and mainly localized at IRIFs.



Figure S6. Structural alignment of the ERK2 A-loop (magenta) with the corresponding
sequences of 15 protein hits identified in this work (Table S2), highlighting the TXY motif
(in red). A. MSH2 (cyan), MSH6 (green) and NFATL1 (yellow). B. LIG4 (pink) and
MAP2K?7 (cyan). C. NEK2A (green), PNKP (yellow) and REV1 (blue). D. APEL1 (golden),
BLMH (green) and DDB2 (blue). E. RPA1-1 (silver), RPA1-2 (yellow), RUVBL2 (copper)
and UBE2V1 (cyan).
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Figure S7. Laser scanning confocal microscopy showing co-localisation of VHR with
proteins not found in the bioinformatics mining but well known to be key proteins of
relevant DNA repair signalling pathways and directly correlated with the experimental
proteins identified in the pull-downs of Figure 7: A) MRE11, B) RAD50, C) pCHK2
(Thré8), and D) p-p53 (Serl5).
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Figure S8. Laser scanning confocal microscopy showing co-localisation of VHR with
protein targets found in the bioinformatics mining and representing three well-known DNA
repair pathways activated by gamma radiation: A) pSMC1-Ser360, B) KU86, C) MSH2.



Table S1. Quantification of protein co-localisation in laser confocal microscopy experiments
through measurements of overlap coefficients and R and R? correlations using the LSM-
Meta software (Zeiss) and the individual fluorescence of fluorophores from each channel.

Protein-Treatment Overlap Coefficient Correlation R Correlation R x R
APE-IR 0.8 0.24 0.06
APE-N 0.8 0.13 0.02

BRCA2-IR 0.8 0.20 0.04
BRCA2-N 0.8 0.10 0.01
CENP-F-IR 0.8 0.27 0.07
CENP-F-N 0.8 0.01 0.00
CYCA-IR 0.8 0.18 0.03
CYCA-N 0.8 0.23 0.05
pPATM-IR 0.8 0.23 0.05
pATM-N 0.9 0.38 0.15
pPATR-IR 0.8 0.25 0.06
pPATR-N 0.9 0.25 0.06
pBRCA1-IR 0.8 0.23 0.05
pBRCA1-N 0.7 0.06 0.00
NBS1-IR 0.8 0.29 0.04
NBS1-N 0.6 0.19 0.01
pCHK2-IR 0.9 0.43 0.18
pCHK2-N 0.8 0.16 0.02
pP53-IR 0.9 0.36 0.13
pP53-N 0.9 0.40 0.16
RAD50-IR 0.8 0.21 0.04
RAD50-N 0.8 0.06 0.00
MRE11-IR 0.8 0.07 0.00
MRE11-N 0.8 0.10 0.01
PERK-IR 0.9 0.56 0.31
PERK-N 0.1 0.20 0.04
pP38-IR 0.6 041 0.17
pP38-N 0.3 0.33 0.11
pINK-IR 0.8 0.24 0.06
pINK-N 0.2 0.15 0.02
pSMC1-IR 0.8 0.26 0.05
pSMC1-N 0.7 0.06 0.03
Ku86-IR 0.5 0.49 0.18
Ku86-N 0.4 0.39 0.01
MSH2-IR 0.8 0.24 0.08
MSH2-N 0.8 0.16 0.03




Table S2. FASTA format of 121 sequences from 101 proteins corresponding to the A-loop of MAPK (31 amino
acids maximum) and including the seven VHR substrates (blue sequences) shown in Figure 3A.

Protein]Uniprot ID|TXY-Containing Sequence

AENJQBWTPS [DFQALKYVHAPRSQOTRDT TYVPNFLSEPGL
AP-1]P05412 | MTAKMETTFYDDALNASFLP

APE1|P27695 | ELLQAVPLADSFRHLYPNTPYAYTFWTYMMN
ASPM|Q81ZT6 | AFNECHGATCLPLSVRRSTTYSSLHASENRE
ATM-1]0Q13315 | PLLMILSQLLPQQRHGERTPYVLRCLTEVAL
ATM-2]Q13315 | WRNMQWDHCTSVSKEVEGTSYHESLYNALQS
ATM-3]Q13315 | YHESLYNALQSLRDREFSTFYESLKYARVKE
ATM-4]Q13315 | ELRNGKMKAFLSLARFSDTQYQRIENYMKSS
ATRX-1]P46100 | EKSKSSGSSRSKRKPS IVTKYVESDDEKPLD
ATRX-2|P46100 | RFNIPTGTNLPPVSENSQTPY I PFNLGALSA
BLMH ] Q13867 | YNKLYTVEYLSNMVGGRKTLYNNQP I DFLKK
BRCA1-2]P38398 ] GPHDLTETSYLPRQDLEGTPYLESG ISLFSD
BRCA1-3| P38398 | VDVEEQQLEESGPHDLTETSYLPRQDLEGTP
BRCA2| P51587 | ISTLKKKTNKF I YAIHDETSYKGKK I PKDQK
BubR1] 060566 | PRGNTASL I AVPAVLPSFTPYVEETARQPVM
CCNA1|P78396 I LVDWLVEVGEEYKLRAETLYLAVNFLDRFL
CCNE1|P24864 | I LLDWLMEVCEVYKLHRETFYLAQDFFDRYM
CDK14-2]094921 | EDTWPGVHSLPHFKPERFTLYSSKNLRQAWN
CDK19]Q9BWU1 | EDIRKMPEYPTLQKDFRRTTYANSSL IKYME
CDK5RAP1 ] Q96576 | SEVQFNSAVPTNLSRGFTTNYKTKQGGLRFA
CENPE | Q02224 | DETLTALQFASTAKYMKNTPYVNEVSTDEAL
CENPF-1]P49454 | NKCRDELVRTTAQYDQASTKYTALEQKLKKL
CENPF-2| P49454 | ETGAVKPTGECSGEQSPDTNYEPPGEDKTQG
CHAF1B]Q13112 | SLLLTPAGCVESGENVMNTTYVFSRKNLKRP
CLSPN | Q9HAW4 | VLQDSDSETEDTNASPEKTTYDSAEEENKEN
CTC1]Q2NKJ3 | 1 IVQVPAQLVWHRALRPGTAYVLTELRVSKI
DAP6 | QQUER7 | DCSSLTGRVIEQRIPYRGTRYPEVNRRIERL
DDB2 | Q92466 | RYNL IVWGRYPDPNFKSCTPYELRT I DVFDG
DTL ] QINZJO | YPLQSLLTGYQCSGNDEHTSYGETGVPVPPF
E2F2]Q14209] IRVDGLPSPKTPKSPGEKTRYDTSLGLLTKK
E2F8 | ADAVK6 | I ESVNVAPENAGTQQGRATNYDSPVPGQSQP
EMSY | Q72589 | SPRPASPASNVVVLPSGSTVYVKSVSCSDED
EPC2]Q52LR7 [NTGHNNINGVVQPSGTSKTLYSTNMALSSSP
ERCC2| P18074 | FDAMRHAAQCVGRA IRGKTDYGLMVFADKRF
ERCC3|P19447 | RFGTMSSMSGADDTVYMEYHSSRSKA
ERCC6-1]Q03468 | EEEDDEVEGAEADLSGDGTDYELKPLPKGGK
ERCC8] Q13216 | KVWDTNTLQTADVFNFEETVYSHHMSPVSTK
EYA2] 000167 | TAMAAYGQTQYSAG I QQATPYTAYPPPAQAY
FANCE | QOHB96 | GLAATTSMAYAKLMLTVMTKYQAN I TETQRL
FANCL | QONW38 | EASLLRQCPLLLPQNRSKTVYEGF I SAQGRD
FSD1]Q9BTV5 | PPRLKEDQPWMY I EGIRQTEYTLTGLKFDMK
HERC2] 095714 | LKWKF 1 SDGSVNGWGWRFTVYP IMPAAGPKE
HIPK2 ] QOH2X6 | AFCSVKKLK I EPSSNWDMTGYGSHSKVYSQS
IF116-1]Q16666 |NI1VYGVFMLHKKTVNQKTT I YE IQDDRGKMD
IF116-2]Q16666 | SFVNGVFEVHKKNVRGEFTYYE 1QDNTGKME
KAP1-2]Q13263 | KDHTVRSTGPAKSRDGERTVYCNVHKHEPLY
KAT5] Q92993 | LDHKTLYYDTDPFLFYVMTEYDCKGFHIVGY
KIF20B ] Q96Q89 | SALLRQIKEVTVHNDSDDTLYGSLTNSLNIS
KI1F23-1]Q02241 | QLHTPEGYRLNRNGDYKETQYSFKQVFGTHT
KIF23-2]Q02241 | EKKNKTLEYKIE ILEKTTT 1 YEEDKRNLQQE
KNTC1-1]P50748 | SLEVSSVSSLVQTGISTDTIYLLEGVCKNDP
KNTC1-2|P50748 | ESFPTLLL ISKLMKFSLDTLYVSTAKHVFEK
L3MBTL1 ] Q9Y468 | NMAGVEQPPSPELRQEGVTEYEDGGAPAGDG
LIGASE-4]P49917 | LEYRYSWDCSPLSMFRRHTVYLDSYAV INDL
MAP2K7] 014733 | RSMES 1 E1DQKLQE IMKQTGYLT I GGQRYQA
MAPK7-1]Q13164 | DFGMARGLCTSPAEHQYFMTEYVATRWYRAPE
MAPK7-2]Q13164 | RVRAY 1QSLPPRQPVPWETVYPGADRQALSL
MASTL-1]Q96GX5 | SQLSQGLVCPMSVDQKDTTPYSSKLLKSCLE
MASTL-2 ] Q96GX5 | KRRSCMPHQQTPNQ I KSGTPYRTPKSVRRGY
MASTL-3]Q96GX5 | NLQHQTMPF 1 PQPDDETDTSYFEARNTAQHL
MEF2A] Q02078 | VEALNKKEHRGCDSPDPDTSYVLTPHTEEKY
MEKK2 ] Q9Y2U5 | DFGASKRLQT I CLSGTGMKSVTGTPYWMSPE
MITF] 075030 | DSG 1 VPDFEVGEEFHEEPKTYYELKSQPLKS
MLTK JQONYL2 [NT1QFYGV ILEPPNYGIVTEYASLGSLYDYI
MNAT1 | P51948 | MDDQGCPRCKTTKYRNPSLKLMVN

MNDA | P41218 | TMVYGLFMLQKKSVHKKNT I'YE IQDNTGSMD




MSHZ | P43246 | KFTNSKLTSLNEEY TKNKTEYEEAQDA IVKE
MSH6-1|P52701 |MSRQSTLYSFFPKSPALS

MSH6-2 | P52701 | AVCDEPSEPEEEEEMEVGTTYVTDKSEEDNE
MSH6-3|P52701 | SPLKSQNHPDSRAIMYEETTYSKKK 1 IDFLS
NAP57-1]060832 | TSQWPLLLKNFDKLNVRTTHYTPLACGSNPL
NAP57-2] 060832 | LFQRPPL 1AAVKRQLRVRT I YESKMIEYDPE
NBS1]060934 | SQGVSVDEKLMPSAPVYNTTTYVADTESEQAD
NEDDO | Q14511 | FGQQKLYQVPNPQAAPRDT I YQVPPSYQNQG
NEK2A | P51955 | KHPNIVRYYDRI IDRTNTTLY IVMEYCEGGD
NEK9]Q8TD19 | ELHY IP IRVLGRGAFGEATLYRRTEDDSLWV
NFAT1]Q13469 | KPHAFYQVHR I TGKTVTTTSYEK IVGNTKVL
NIPBL2]Q6KC79 ] AMTRK ILN I TDVVAACRDTGYDWFEQLLQNL
p97-ERK3] Q16659 | RKYLDGDREKYLEDPAFDTNYSTEPCWQYSD
PA2G4 | Q9UQ80 | DVLVSSGEGKAKDAGQRTT I YKRDPSKQYGL
PIAS1]075925 | LPHQASPVSRTPSLPAVDTSY INTSLIQDYR
PKN1]Q16512 | AMASSAAFSTRLAGPFPATHYSTLCKPAPLT
PNKP | Q96T60 | TGTQELKPGLEGSLGVGDTLYLVNGLHPLTL
POLK | QQUBT6 | SSSGVQKAVTRTKRPGLMTKYSTSKK IKPNN
Polr2b|P30876] I INGSEKVL I AQEKMATNTVYVFAKKDSKYA
PSMB2 | P49721 ] TAAANFTRRNLADCLRSRTPYHVNLLLAGYD
RAG|P15918 | LMLELGG I LRTFKF 1 FRGTGYDEKLVREVEG
REV1]Q9UBZ9 | PNLQAVPYDFHAYKEVAQTLYETLASYTHNI
REV3L | 060673 | KKLAPLKDFWPKVPDSPATKYP 1 YPLTPKKS
RFWD3 | Q6PCDS5 | APLDAYFQVSRTQPDLPATTYDSETRNPVSE
RIF1-3]Q5U1PO|VEMSTEEGI IDANKTETNTEYSKSEEKLDNN
RPA1-1]P27694 | LSHTSGGTQSKVVP IASLTPYQSKWT I CARV
RPA1-2|P27694|S1SDLKSGGVGGSNTNWKTLYEVKSENLGQG
RUVBL2-1]Q9Y230 | TGTGSKVGKLTLKTTEMET I YDLGTKMIESL
RUVBL2-2]Q9Y230 | MAPVL IMATNRG I TRIRGTSYQSPHGIP DL
RUVBL2-3]Q9Y230 | SPHGIPIDLLDRLLIVSTTPYSEKDTKQILR
RUVBL2-4]Q9Y230 | QVDD I KRVYSLFLDESRSTQYMKEYQDAFLF
S6K-02 1015349 | IGVGSYSVCKRCVHKATDTEYAVKIIDKSKR
Separase | Q14674 ] IKEYGASPVLSQGVDPRSTFYVLNPHNNLSS
SESN1]Q9Y6P5 | SDDEEVTPARAVSRHFEDTSYGYKDFSRHGM
SETDB2|Q96T68 | TEKCPPKFSNNPKELTVETKYDNISRIQYHS
Six1]Q15475| YRVRRKFPLPRT IWDGEETSYCFKEKSRGVL
SMC1A Q14683 |VYPEQGDCV I SKVLTFDLTKYPDANPNPNEQ
SMC3] QOUQE7 | NLPGEVTFLPLNKLDVRDTAYPETNDAIPMI
SPT6]Q7KZ85 | CRTSDLMDRNNEWKLPKDTYYDFDAEAADHK
SPY1-1]Q5MJ70 |MRHNQMCCETPPTVTVYVKSGSNRSHQ
SPY1-2]|Q5MJ70 [NFFIALYLANTVEEDEEETKYE I FPWALGKN
TCAB1]Q9BUR4 | DT 1YDYCWYSLMSSAQPDTSYVASSSRENPI
TNIK ] QOUKES | QLKDH I DRTKKKRGEKDETEYEYSGSEEEEE
TPX2 | QOULWO | RKANLQQAIVTPLKPVDNTYYKEAEKENLVE
UBE2V1 ] Q13404 | DEDMTLTRWTGMI IGPPRT I YENRIYSLKIE
UNG1-1]P13051 |MIGQKTLYSFFSPSPARK
Whsc1L1-2]Q9BZ95 | LPPLTNGYPSSISVYETQTKYQSYNQYPNGS
ZBTB32]Q9Y2Y4 | PYACSVCGKRFSLKHQMETHYRVHTGEKPFS
ERBB2 | P04626 | DFGLARLLD I DETEYHADGGKVP I KWMALE
ERK1]P27361 | DFGLARIADPEHDHTGFLTEYVATRWYRAPE
ERK2 | P28482 | DFGLARVADPDHDHTGFLTEYVATRWYRAPE
JNK1]Q13263 | DFGLARTAGTSFMMTPYVVTRYYRAPE

JNK2] Q13263 | DFGLARTACTNFMMTPYVVTRYYRAPE
JNK3]Q13263 | DFGLARTAGTSFMMTPYVVTRYYRAPE
P38]Q16539 | DFGLARHTDDEMTGYVATRWYRAPE




Table S3. Proteins with solved structures deposited in the PDB that were among the 64 hits
obtained at the end of bioinformatics analyses. The 15 sequences below were used for the
structural alignments shown in Fig. S3 and correspond to the structured region comprising
the 31 amino acids and containing the TXY motifs.

Protein TXY-Containing Sequence #PDB
APEL ELLQAVPLADSFRHLYPNTPYAYTFWT YMMN 1EON
BLMH YNKLYTVEYLSNMVGGRKTLYNNQP I DFLKK 2CB5
DDB2 RYNL IVVGRYPDPNFKSCTPYELRTIDVFDG 3E14
LIG4 LEYRYSWDCSPLSMFRRHTVYLDSYAV INDL 3116
MAP2K7 RSMESIEIDQKLQE IMKQTGYLT IGGQRYQA 2DYL
MSH2 KFTNSKLTSLNEEYTKNKTEYEEAQDAIVKE 208B
MSH6-3 SPLKSQNHPDSRAIMYEETTYSKKK I IDFLS 208B
NEK2A KHPNIVRYYDRIIDRTNTTLY IVMEYCEGGD 2W5H
NFAT1 KPHAFYQVHRITGKTVTTTSYEKIVGNTKVL 1A02
PNKP TGTQELKPGLEGSLGVGDTLYLVNGLHPLTL 2BRF
REV1 PNLQAVPYDFHAYKEVAQTLYETLASYTHNI 3GQC
RPA1-1 LSHTSGGTQSKVVP IASLTPYQSKWT ICARV 1FGU
RPA1-2 S1SDLKSGGVGGSNTNWKTLYEVKSENLGQG 1L10
RUVBL2-1 TGTGSKVGKLTLKTTEMET I YDLGTKMIESL 2CQA
UBE2V1 DEDMTLTRWTGMI IGPPRTIYENRIYSLKIE 2A4D




Table S4. Statistical and topological analyses of the VHR networks from Figure 8 showing
the simplest network parameters for comparison (data obtained using the Network
Analyzer Cytoscape plugin).

SIMPLE NETWORK PARAMETERS 57 PROTEINS NETWORK CLUSTER 1 CLUSTER9
Clustering coefficient 0.347 0.875 0.608
Network diameter 6 2 7
Network centralization 0.156 0.372 0.201
Shortest paths 1541322 20022 552
Characteristic path lenght 2.775 1.367 3.684
Avg. number of neighbors 29.96 89.17 4.75
Number of nodes 1242 142 24
Network density 0.024 0.632 0.206
Network heterogeneity 1.237 0.266 0.590
Number of self-loops 444 34 14
Analysis time (sec) 452622 53743 0.025




