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Supplemental Table 1. PARP sequences utilized to analyse automodification domain. 

 

  

species    

binominal name common namea accessionb ARH3 homologue 
present HPF1 with PBZ 

Insecta 
Acromyrmex heyeri Formiga-de-monte-vermelha KAG5332370 yes yes 
Aphis gossypii Cotton aphid XP_027836345 no yes 
Apis mellifera Honey bee XP_624477 yes yes 
Athalia rosae Coleseed sawfly XP_012253348 yes yes 
Bemisia tabaci Silverleaf whitefly CAH0393176 yes yes 
Blattella germanica German cockroach PSN54639 yes yes 
Bombyx mori Domestic silk moth XP_004926518 no yes 
Cimex lectularius Bed bug XP_014252361 yes yes 
Cloeon dipterum Pond Olive CAB3383108 no noc 
Cryptotermes secundus n.a. XP_023719718 yes yes 
Danaus plexippus plexippus Monarch Butterfly OWR47253 no yes 
Diabrotica virgifera virgifera Western corn rootworm XP_028137801 yes yes 
Drosophila melanogaster Fruit fly NP_001104452 no yes 
Formica exsecta Narrow-headed ant XP_029670266 yes yes 
Frankliniella occidentalis Western flower thrips XP_026271855 yes yes 
Galleria mellonella Greater wax moth XP_026751130 no yes 
Harmonia axyridis Halloween beetle XP_045461901 yes yes 
Homalodisca vitripennis Glassy-winged sharpshooter XP_046681652 yes yes 
Hyposmocoma kahamanoa n.a. XP_026328627 no yes 
Ignelater luminosus Cucubano KAF2885554 yes yes 
Ischnura elegans Blue-tailed damselfly XP_046383121 yes yes 
Lasius niger Black garden ant KMQ98224 yes yes 
Monomorium pharaonis Pharaoh ant XP_012538492 yes yes 
Musca domestica Housefly XP_005175605 no yes 
Myzus persicae Green peach aphid XP_022178738 no yes 
Ooceraea biroi Clonal raider ant XP_011334668 yes yes 
Photinus pyralis Common eastern firefly XP_031330927 yes yes 
Schistocerca americana American grasshopper XP_046979867 yes yes 
Sipha flava Yellow sugarcane aphid XP_025410796 no yes 
Sitophilus oryzae Rice weevil XP_030752809 yes yes 
Thrips palmi Melon thrips XP_034248574 no yes 
Timema tahoe n.a. CAD7458304 yes yes 
Tribolium castaneum Red flour beetle EFA00829 yes yes 
Tribolium madens Black flour beetle XP_044269707 yes yes 
Trichoplusia ni Cabbage looper XP_026729426 no yes 
Zerene cesonia Dogface butterfly XP_038210310 no yes 
Mammalia 
Balaenoptera musculus Blue whale XP_036723058 yes no 
Homo sapiens Human NP_001609 yes no 
Orycteropus afer afer Aardvark XP_007935170 yes no 
anot applicable (n.a.) designates species with no common name  
bGenBank accession number 
cHPF domain is predicted to be part of a multidomain protein (GenBank CAB3360198) with unique architecture. Our analysis of the 
genomic region revealed the presence of a potential PBZ coding region upstream of the HPF domain. 



Supplemental Table 2. Data collection and refinement statistics (molecular replacement) 
 dParga 

(PDB 8ADK) 
dParg:PDD00017273a 

(PDB 8ADJ) 
Data collection   
Space group P 21 P 21 
Cell dimensions   
    a, b, c (Å) 93.43, 115.62, 122.91 93.39, 115.90,2 123.27 
    α, β, γ (°)  90.00, 90.00, 112.21 90.00, 90.00, 112.21 
Resolution (Å) b 58.95 – 2.48 (2.53 – 2.48) 59.02 – 2.51 (2.58 – 2.51) 
Rsym or Rmerge

b 0.087 (1.116) 0.133 (2.020) 
I / σIb 9.6 (1.1) 9.6 (1.1) 
Completeness (%)b 99.7 (99.3) 100.0 (100.0) 
Redundancyb 3.3 (3.4) 6.7 (6.7) 
   
Refinement   
Resolution (Å) 2.47 2.51 
No. reflections 85715  83225  
Rwork / Rfree 0.177 / 0.228 0.183 / 0.223 
No. atoms   
    Protein 12576 12521 
    Ligand/ion 63/3 165/3 
    Water 277 201 
B-factors   
    Protein 70.57 72.70 
    Ligand/ion 85.17/75.39 79.27/81.75 
    Water 51.91 55.00 
R.m.s. deviations   
    Bond lengths (Å) 0.0123 0.0092 
    Bond angles (°) 1.895 1.681 
aData were collected from a single crystal 
bValues in parentheses are for highest-resolution shell. 

 

  



Supplemental Table 3. PARG sequences utilized for multiple sequence alignment. 
species  

binominal name common namea accession numberb 
Caenorhabditis elegans n.a. NP_001023135c 
Caenorhabditis elegans n.a. NP_501496d 
Drosophila bunnanda n.a. KAH8234568 
Drosophila melanogaster Fruit fly NP_001245511 
Felis catus Domestic cat XP_011285559 
Homo sapiens Human NP_003622 
Loa loa Eye worm XP_020303580 
Monosiga brevicollis MX1 n.a. XP_001748857 
Mus musculus Mouse NP_036090 
Musca domestica House fly XP_005174952 
Tetrahymena thermophila n.a. XP_001013101 
Vombatus ursinus Common wombat XP_027715098 
Zeugodacus cucurbitae Melon fly XP_011177346 
anot applicable (n.a.) 
bGenBank accession number 
cSequence of PARG1 
dSequence of PARG2 
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Supplemental Figure 1. Subcellular localisation of the Drosophila DDR-ADPr enzymes. 

(A) Representative images of EGFP, EGFP-dParp, EGFP-dHpf1 and dParg-EGFP expressed in 

Drosophila SR2+ cells. Hoechst is used to indicate localisation of the nucleus. Scale bar, 2 µm. Sites 

of irradiation are indicated by yellow arrows. The experiment was repeated independently three 

times with similar results. 
(B) Representative images (top) and kinetics (bottom) of EGFP-dParp and dParg-EGFP recruitment to 

sites of DNA damage induced by 405 nm laser irradiation, in Drosophila S2R+ cells. Scale bar, 2 µm. 

Data from B are a representative of 3 independent replicates where data were collected from 16-25 cells 

per condition and represent normalised mean values ± SEM. 
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Supplemental Figure 2. Mass spectrometric identification of ADPr sites in S2R+ cells. 

(A) Localization probability distribution of identified ADPr peptide-spectrum matches (PSMs). The 

dashed line visualizes the cutoff of >90% localization probability that was used. 

(B) Table with all Pearson correlations between different replicates and different conditions. 

(C) Histogram visualizing the total number of ADPr sites identified and localized in the four different 

conditions. 

(D) Principal component analysis indicating the highest degree of variance between sample conditions. 

(E) Volcano plot analysis visualizing the dynamics of PARGi-treated ADPr sites compared to DMSO-

treated ADPr sites under DNA damage. Significance was determined via two-tailed Student’s t-testing 

with a false discovery rate (FDR) of 0.05, s0 of 0.1, and 2,500 rounds of randomization. ADPr sites 

significantly upregulated by PARGi treatment are depicted in blue, ADPr sites significantly upregulated 

upon DMSO treatment are depicted in red, and ADPr sites not significantly regulated are shown in grey. 
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Supplemental Figure 3. MS spectra of Drosophila histone H1 and dParp Ser-ADPr sites. 

(A-E) Annotated ETD tandem mass spectra of ADP-ribosylated peptides. Full fragmentation is 

obtained, with both c-ions (blue) and z-ions (red) pinpointing the ADPr to reside on a serine residue. 

The spectra allowed mapping of the peptides to Drosophila histone dH1 S199 (A), dParp S363 (B), 

dParp S491 (C), dParp S494 (D), and dParp S496 (E). 
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Supplemental Figure 4. Conservation of the PARP automodification domain in insects. 

Multiple sequence alignment of selected insect PARP automodification domain sequences. Ser-ADPr 

sites identified in dParp are indicated above the alignment by double-dagger (‡). Indexing indicates 

dParp residue position. 
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Supplemental Figure 5. Residue specificity of dParg terminal ADPr hydrolase activity. 

(A) Removal of poly-Glu-ADPr by human and Drosophila (ADP-ribosyl)hydrolases on automodified 

poly-Glu-hPARP1. Poly-Glu-ADPr of hPARP1 was achieved by incubation of recombinant hPARP1 

(0.5 μM) in the presence of 32P-NAD+ as ADP-ribose donor. The reaction was performed for 30 min at 

room temperature. The hPARP1 reaction was stopped by the addition of 1 μM olaparib. Lower panel 

shows the CBB stained SDS-PAGE of the proteins. The experiment was repeated independently 

three times with similar results. 
(B) Removal of mono-Glu-ADPr. Mono-Glu-ADPr was achieved by incubation of recombinant 

hPARP1 E988Q mutant (0.5 μM) with 32P-NAD+ as ADP-ribose donor and activated DNA. The 

reaction of hPARP1was stopped by the addition of 1 μM olaparib and subsequently supplemented with 

the indicated (ADP-ribosyl)hydrolases. Lower panel shows the CBB stained SDS-PAGE. The 

experiment was repeated independently three times with similar results. 
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QKNSE LWI I QKK T - - - - - - - - LQDLSSGKQK LDS - - - - - - - - - - - FQS LES I LE I LRDSKN - - - - - - - - - - - - - - - - - QNDEK YFN
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - L TTRLGS FAL - - - - - - - - LCPP VCLSSRPRGLEWC

FRALHQL LDEE LDESE T - RVFFEDL LPR I I RL ALRL - PDL I QSP VP L LKHHKNAS LS LSQQQ I SCL L ANAFLCTFPRRNTLKRKSE
FRS LHRL FEDDLDESES - RVFFEDL LPR I I RL ALRL - PE L VQAP I P L LKQGQNHS VTLSQQQ I SCL L ANAFLCTFPRRNTMKKRSE
FRALHK L FEEE LDEDES - RVF FEDL LPRV I RL ALRL - PE L VQAP I P L LKQGKCHA I TL TQEQ I SCL L ANAFLCTYPRRNTLKKKSE
FRALHQL LDEE LDESE A - RVFFEDL LPR I VRL ALRL - PDL VQAP VP L LKQHHNS ALS LSQQQ I ACL L ANAFLCTFPRRNTLKRKSE
FTAL I DFWDK VLEE AE A - QHL YQS I LPDMVK I ALCL - PN I CTQP I P L LKQKMNHS I TMSQEQ I AS L L ANAFFCTFPRRNA - KMKSE
FTAL VDFWDK VLEE AE A - QHL YQS I LPDMVK I ALCL - PN I CTQP I P L LKQKMNHS I TMSQEQ I AS L L ANAFFCTFPRRNA - KMKSE
FTAL VDFWDK VLEE AE A - QHL YQS I LPDMVK I ALCL - PN I CTQP I P L LKQKMNHS VTMSQEQ I AS L L ANAFFCTFPRRNA - KMKSE
FTAL VDFWDK VLEE AE A - QHLCQS I LPDMVK L ALCL - PD I CTQP I P L LKQKMNHS I TMSQEQ I AS L L ANAFFCTFPRRNA - KMKSE
LP ALEM- YYKEMSE L VG- REE VLEK F ARVAR I AK TA - ED I LPER I YRL - VGDVES ATLSHKQCAAL VARMFFAR - - - - - - - - - - - -
LP ALKS - FYRKMSE I VG- EDE VLEK L ARL VR I TKS A - CE VLPEK I YRL - VGD I ES ATFSH I QCAS L I AWMFF - - - - - - - - - - - - - -
FNALRQL FE AVLSE ALR - VE YL TTV I P FMAK L ALQS - PS L I TQP I P I LRRGSSGS VT I SQHQAAS L L AHAFFCTFPSRNT VS - - - -
LK AVFE - - - - QLDKEEQ- TYF LEQF I PK I CQL VLK I KKKQLKNQ I P - - KESK I YE AAFSREE I S YYVSCMFLC I LKDQD - - - - RK I
VTQLEDGGTRALRA I VRYATE FGSHFPDGHMP I LCA - RNTS TAP AA - - TTPHRLE LE L TNCQL TCML ALMF I AGLPEPDATE - AA I

YS TFPD I N - FNRL YQS TGP AVLEK LKC I MHYFRRVCP TERDASNVP TGVVTFVRRSGL - - PEHL I DWSQS AAP LGDVP LHVDAEGT
YS AFPD I N - FNRL FQSSGKS V I EK I KC I CHYFRRVCP TERDSSNVP TGVVTFTRRS LE - - PKE LPNWAECK AP LGVTP LH I TSDGT
YS TFPD I N - FNRL FQSSGS AVLEK I KC I CHYFRRVCP TENDRSNVP TGCVT FERR I I P - - L AE LPNWS ASCRP L AVTP LH I NS AGT
YS TFPD I N - FNRL YQS TGP AVLEK LKC I MHYFRRVCP TERDASNVP TGVVTFVRRS AK - - PENQVRWNES VAP LGAVP LHVDAEGT
YSS YPD I N - FNRL FEGRSSRKPEK LK TL FCYFRRV - - - - - - TEKKP TGL VTFTRQS - - - - LEDFPEWERCEKP L - - TRLHVTYEGT
YSS YPD I N - FNRL FEGRSSRKPEK LK TL FCYFRRV - - - - - - TEKKP TGL VTFTRQS - - - - LEDFPEWERCDK L L - - TRLHVTYEGT
YSS YPD I N - FNRL FEGRSSRKPEK LK TL FCYFRRV - - - - - - TEKKP TGL VTFTRQS - - - - LEDFPEWERCEKP L - - TRLHVTYEGT
YSS YPD I N - FNRL FEGRS TRKPEK LK TL FCYFRK V - - - - - - TEKKP TGL VTFTRQS - - - - LQDFPEWERCEKK L - - TRLHVTYEGT
- PDSP - FS - FCR I LSSDKS I CVEK LK FL FTYFDKM- - - - - - SMDPPDGAVS FRL TKMD - KDTFNEEWKDKK LRS - LPE VE FFDEML
- SDTPRLS - F I I I LQK TTCVAVEK LK FL FTYFDKM- - - - - - S I DPP I GAVS FRKMR I T - HKQYLENWK LRE TNL - LPDVQVFDKMS
- NE LPP I N - FWRL FS LHS ANAVEK LRCLMHYFHMV - - - - - - SKKMP TGL L T I RRQN - - - - - DS AQEWSSMHLP L - - SK L YVSHTGT
YKDFRL I Y - LKDL VQQ I N I RRQEK I KCFYE YLKQALDF - - - SEKESKE VV I FQR I NCG - QLEDYENWVDK LK A I K LKNVQL TDDK L
GCKMPP LNGLS FL L ASPCASDRAK L LM I L TFFDNH - - - - - - HAAPP I GQHRVCRQP TPSHL L TEHDWAHQTAE L - - GQLE VTDTGL

I EDEG I GL LQVDFANK YLGGGVLGHGCVQEE I RFV I CPE L L VGK L - FTECLRP FE AL VMLGAERYSNYTGYAGS FEWSGNFE - - - -
I EDQGFGL LQVDFANK YLGGGVLGGGCVQEE I RFV I CPE L L LSK L - FTECLRP TE AL LMVGTERFSDYSGYAGTFEWAGNHE - - - -
I EDQGGGL LQVDFANK FLGGGVLGGGCVQEE I RFV I CPE L I VSK L - FTECLRPSE AL VMVGCERYSNYSGYANTFQWDGNHE - - - -
I EDEGVGL LQVDFANK YLGGGVLGHGCVQEE I RFV I CPE L L VGK L - FTECLRP YE AL VMLGAERYSNYTGYAGS FEWSGNHE - - - -
I EENGQGMLQVDFANRFVGGGVTS AGL VQEE I RFL I NPE L I I SRL - FTE VLDHNECL I I TGTEQYSE YTGYAE TYRWSRSHE - - - -
I EGNGQGMLQVDFANRFVGGGVTGAGL VQEE I RFL I NPE L I VSRL - FTE VLDHNECL I I TGTEQYSE YTGYAE TYRWARSHE - - - -
I EGNGRGMLQVDFANRFVGGGVTGAGL VQEE I RFL I NPE L I VSRL - FTE VLDHNECL I I TGTEQYSE YTGYAE TYRWARSHE - - - -
I EGNGQGMLQVDFANRFVGGGVTS AGL VQEE I RFL I NPE L I VSRL - I TE VLDHNECL I I TGTEQYSE Y I GYAE TYRWARSHD - - - -
I EDTA - LCTQVDFANEHLGGGVLNHGS VQEE I RFLMCPEMMVGML - LCEKMKQLE A I S I VGAYVFSS YTGYGHTLKWAE LQPNHSR
I EE TA - LCTQ I DFANKRLGGGVLKGGAVQEE I RFMMCPEMMVA I L - LNDVTQDLE A I S I VGAYVFSS YTGYSNTLKWAK I TPKHS A
I EDDGHGMLQVDFANE Y I GGGVLSGGCVQEE I RFL I CPEM I VSM I - LCEKMHHNE A I V I CGAERFSGYDGYGSS FRWRPMEKM- - -
I EDFP - GTLQVDFANCD I GGG I LGNGL VQEE I RFCVCPEML VS L L VFDQSME ANE V I I MKG I KQYSDYQGYSNS FRFVKMG- - - - -
I EEDP - TA I QVDFANCS FGGGVLWDGNAQEECRL AS AAL L LP F I A - I CP FQEPDE ALQFYGVL TTAHG I GFGNNLRF - - - - - - - - -

- - DS TPRDSSGRRQTA I VA I DALHFAQS - - - - - HHQYREDLMERE LNK AY I GFVHW- - - - MVTPPPGVATGNWGCGAFGGDS YLK A
- - DS I PRDSSRRRQTH I VA I DALHFMQS - - - - - QHQYREDL I KRE LNK AYVGFQHT - - - - LS TP APGVASGNWGCGAFGGDPRLK A
- - DMTPRDSSRRRMCH I VA I DAL L FHQS - - - - - SHQYREE LMLRE LNK AYVGFFHP - - - - LS TTAPGVASGNWGCGAFGGDANLK A
- - DRTPRDSSRRRQTA I VA I DALHFAQA - - - - - THQYRVDLMERE LNK AH I GFVHW- - - - MATPPPGVATGNWGCGAFGGDP YLKS
- - DGSERDDWQRRCTE I VA I DALHFRRY - - - - - LDQFVPEKMRRE LNK AYCGFLRPG- - VSSENLS AVATGNWGCGAFGGDARLK A
- - DGSERDAWQRRGTE I VA I DALHFRRY - - - - - LDQFVPEK I RRE LNK AYCGFLRPG- - VSSENLS AVATGNWGCGAFGGDARLK A
- - DGSEKDDWQRRCTE I VA I DALHFRRY - - - - - LDQFVPEK VRRE LNK AYCGFLRPG- - VPSENLS AVATGNWGCGAFGGDARLK A
- - DKSEMDDWQRRCTE I VA I DALHFRRY - - - - - LDQFVPEK I KRE LNK AYCGFFRPG- - VSSENLS AVATGNWGCGAFGGDSRLK A
QNTNE FRDRFGRLRVE T I A I DA I L FKGSK LDCQTEQLNK AN I I REMKK AS I GFMSQG- - PK FTN I P - I VTGWWGCGAFNGDKP LK F
QNNNS FRDQFGRLQTE TVA I DAVRNAGTP LECL LNQL TTEK L TRE VRK AA I GFLS AG- - DGFSK I P - VVSGWWGCGAFRGNKP LK F
- - DS FPRDRFHRLCCE L VA I DALP FSNK - - - - - HEQFS VE L VDRE L LK AYVGFAVN - - - - DGTMKP - VATGNWGCGVFGGDLHLKS
- - NSK I QKQKRNNPQT I L A I DALCFNSS - - - - - DNQFSE VNVSRE LNKS YMGFKQE - - - - - - DQLK T I S TGKWGCGAFLGVFDLK F
- - KSRAL AP ATPSRT I L VAMDALE I MTNR - - - - LDQYAT THQLRE LRK AS AAFDVAADRL VDPQRR I I ATGNWGCG I FGGDRQLK A

L LQLMVCAQLGRP L AYYTFGNVE - - FRDDFHEMWL L FRNDGTTVQQLWS I LRS YSRL I KEKSSKEPRENK ASKKK L YDF I KEE L
L LQLMVCTVTQRP L VYFTFGDAE - - LRDE VHRMHTFL LERNVCVKDLWNL L TS YQS - - - - - - - - - - - - QNMPGNE L YNF I YGC I
L LQLMACTVTSRP L VYFTFGNEE - - LRDE VHKMHT YF I ENN I L VKE LWTVLKRFHA - - - - - - - - - - - - SK LSGNE L YK F I YCE L
L LQLMVCAQLGRP L AYYTFGN I Q- - LRDD I HDMWTL FQSEGTTVQQLWR I LKS YSE LMKGKGQSQGK - SKP TKKK L YQF I REQL
L I Q I L AAAAAERDVVYFTFGDSE - - LMRD I YSMH I FL TERK L TVGDVYK L L LRYYNEECRNCS - - - - - TPGPD I K L YP F I YHAV
L I Q I MAAAVAERDVVYFTFGDSE - - LMRD I YNMHTFL TERK L TVGE VYK L L LRYYNEECRNCS - - - - - TPGPDVK L YP F I YHAV
L I Q I L AAAAAERDVVYFTFGDSE - - LMRD I YSMHTFL TERK LDVGK VYK L L LRYYNEECRNCS - - - - - TPGPD I K L YP F I YHAV
L I Q I L AAAAAERDVAYFTFGDSE - - LMRD I YSMHTFL TERGQTVGQ I YK L L LRYYNEECKSCS - - - - - SSGPDVK L YP F I YS I I
I I QV I AAGVADRP LHFCS FGEPE - - L AAKCKK I I ERMKQKDVTLGML FSM I NNTGL - - - - - - - - - - - - - - - PHKHFE F YVFDR I
L I QV I ACG I SDRP LQFCTFGDTE - - L AKKCEEMMT L FRNNNVRTGQL FL I I NS I GP - - - - - - - - - - - - - - - P LNYSEQYVFDA I
L I QLMASS ARKRCL YYFTFGNQK - - FAEDFTE I YG I L VQTGTTVGQL YDM I NGYCSE YDRNSS - - - - - PP - - - - - L FE Y I SWK I
A I QW I ASSRSNKKM I I CT FQDEQ- - TTKQ I QQVFDL YKQKNAS I - - FLK L VMDYPNS - - - - - - - - - - - K YMEDYTL LE YL - - - I
L LQWMAAS ALNYDLRYHT FDQTES AFGRDLRAL ARHVTLQP TTVAQLWQALQTS LE TSSRN - - - - - - - - - - - - - - L L AR I LKHL
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Supplemental Figure 6. Conservation of PARG within Animalia. 

Multiple sequence alignment of the catalytic domain of selected PARG sequences from Insecta, 

Mammalia, Nematoda and Protozoa phyla. The accessory (yellow) and macrodomain (blue) regions 

are indicated below the alignment and catalytically important regions highlighted by coloured boxes 

(AD-loop 1 and 2, green; loop 1 and 2, red; Tyr loop, rose). Residues known to be crucial for catalysis 

are indicated above the alignment by double-dagger (‡) and threonine/leucine residue involved in the 

loop 1-AD-loop 1 interaction by downward triangle (▼). Indexing indicates dParp residue position. 
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Supplemental Figure 7. Structure of the dParg:PDD00017273 complex. 
Ribbon-liquorice representation of the ligand coordination of the dParg:PDD00017273, 

hPARG:PDD00017299, and hPARG:ADP-ribose complexes. Residues important for the protein:ligand 

interaction are highlighted and numbering corresponds to the respective sequences. 
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Supplemental Figure 8. Ligand binding involves conformational changes of loop 2. 
Ribbon-liquorice representation of loop 2 conformational changes triggered by ligand binding. Residue 

numbers of dParg are given in red and of mPARG in black. 


